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STATEMENT OF DR. NED D, BAYLEY, DIRECTOR OF SCIENCE AND
EDUCATION, DEPARTMENT OF AGRICULTURE; ACCOMPANIED
BY DR. T. ¢. BYERLY, ASSISTANT DIRECTOR OF SCIENCE AND

EDUCATION

Dr. Bavrey. Mr, Chairman, I am Ned Bayley, Director of Science
and Education, Office of the Secretary, Department of Agriculture.

I have with me Dr. T, C. Byerly, Assistant Director of Science
and Education,

Before 1 proceed with the formal statement, I would like to
respond to some extent to the information which has.been presented
already this morning,

Senator Harr, Let me make it easier. Let me encourage you to do
it, and any succeeding witnesses, too.

To make the record as useful as possible, we would welcome
exchanges in the nature of reply.

Dr. Baviey. I appreciate in doing this I am putting myself in an
impromptu &msition and, therefore, would appreciate the privilege to
provide to the committee, for the record if they desire, fuller state-
ments regarding the activities of the Department of Agriculture in
regard to pesticides.

Senator Hart. Very well.

Dr. Baviey. I testified before this committee previously regarding
the broad policies and positions of the Department in the pesticide
area, and stated that we recognize that al? pesticides arve cconomic
poisons. They are only one group of the tremendous number of eco-
nomic poisons which we use for a large number of useful reasons,
;lotl -:;]n y for economic purposes but also to take care of _public
healtn.

We recognize also, as part of our civilization and as part of the
standard of living and the food supply that we alveady have, that
without these economic poisons and their judicious use, we would be
in a very serious situation from the standpoint of our ability to pro-
duce food and fiber for this country. _

Now, I also want to point out very briefly the references to the
. activities of the Department of Agriculture regarding the registra-
tion of pesticides. I will be the first to agree that there have been
some problems in regard to these registration procedures and I will
be the first to agree that we haven’t resolved all of them.

We have, however, particularly during the past year, taken a
number of steps towards eliminating some of the complexities and
bureancratic difficulties which have existed in the area of registra-
twon.

The references which have been made here this morning primarily
reflect the relationship among the departments that did exist, but, I
think I am safe in saying, do not exist now.

Senator Harr. T remember in those earlier hearings we discussed
this problem.

Dr. BavLey. Yes, we did.

Senator Hawr. And T had the impression that there was a transi-
tion period.
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Dr, Baviry. T will very briefly refer to that, The crux of the
problem was that there was an interagency agreement for resolving
differences in regard to registration. There was a procedure within
the agreement of bringing differences to the attention of the three
Secretaries involved.

Unfortunately, however, over the years this agreement was in
existence, not one of the departments ever used this procedure to
resolve their differences.

We in_the Department of Agriculture must share the major
responsibility for not getting the differences resolved primaril
because the enforcement of F?FRA was primarily our responsibit-
ity. But T am glad to say that since that time, with the initiative of
Secretary Ilardin and Secretary Finch and Secretary Hickel, there
has been & new aﬁreement worked out between the departments. This
agreement specifically provides the basis whereby differences in
judgments regarding pesticide regulation can be brought up through
the decisionmaking procedure ang‘ the three Secretaries can share n
this as needed,

We believe this is o sound basis for increasing the interdepart-
mental relationships and providing a basis for all three departments
to have a rightful input into this.

I think you are also acquainted with the fact—

Senator Harr. Doctor, if you are going to leave that new agree-
ment, I would like to ask one question. In the event of disagreement,
when the three Secrvetaries’ attention is-invited to the competing
claims, is the decision made by majority vote, or does the Secretary
of Agriculture retsin the final voice?

Dr. Baviey. It is my understanding that they will pursue the dis-
agreement until they agree. The Secretary of Agriculture does retain
the final voice according to the law, however. \%’e believe that based
on the way we are operating today this procedure can be effective.

Senator Harr. A meeting in Paris?

Dr. Bayrer. Well, we are not dealing with that. I think we recog-
nize that three Cabinet officers have the public interest in mind
when they got together and can make a decision along these lines.

Senator Harrt, Just to push you a little harder on it, and I sup-
poso-this is academic at the moment since no such dispute has yet
reached the three Secretaries?

Dr. Bavieey. This is correct.

Senator Hanr. If one does get there, it will involve the tricky bal-
ance that Senator Baker was talking about, the economic claims, the
public health claims, and the environmental concerns. HEW will
tend, I assume, to emphasize the health factor. Is Interior the third
department?

r. Baviey, Yes,

Senator Hanr, They wonld T su[:lpose, be concerned principally
with effects on fish and wildlife, and Agriculture would think pn-
matily of the utility to the agricultural economy.

To put it harshly, why shouldn’t the fellow who says it has not
yob bgcn established as safe for humans have the ultimate vote and
voice
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Dr. Baveey, May I say this. that from the standpoint of the
Department of Agriculture, we recognize that issues involving
human healtl: should have priority over all other issues.

The reference which was made earlier that the emphasis in USDA
had been primarily on cffectiveness is not only incorrect regarding
- the past but it is utterly incorrect regarding our position now.

Senator FLarr. Whatever the past, T would hope that haman
health does have the overriding concern of three or any other num-
bers of men that meet on this kind of claim.

I interrupted you.

Dr. Bayrrey. Surely.

With those preliminary comments, T will be giad to turn to the
issue of 2.4.5-T and the facts as we see them at the present time.

The herbicide 2.4,5-T has been recognized as the most effective
herbicide registered for use for control of certain weeds and brush
species for more than 20 years. About four-fifths of the domestic us¢
of 24.3-T is for nonfarm use, the largest such use being for control
of brush on rights-of-way. Tt is also used extensively to control
brush on forest lands and certain weeds in turf. 2,4,5-T has been
used in the production of fruit crops, ceveal grains, and sugarcane.
It is the most effective herbicide for control of brush on several mil-
lion acres of rangeland in the Southwestern United States.

2,4,5-T is degraded in the environment within a few months after
application so that residues do not persist from one season to the
next. Residues on foods are unusual. Among 5,300 food samples ana-
lyzed by FDA for 24,5-T during the past 4 vears, 25 were reported
to contain trace amounts: i.e.. amounts less than the 0.1 p.p.m. limit
of aceuracy of present analytical procedures for foods. Two samples
showed residues of 0.19 and 0.29 p.p.m.. respectively.

No finite tolerance has been established for 2,43-T in food. In the
absence of such tolerances, any detectable amount of 24.5-T in food
would make such food subject to seizure if found in the channels of
interstate commerce. From the data cited above—

Senator Percy. Do T understand vour statement to mean, Doctor,
that in the absence of the establishment of human tolerances for
2.4.5-T. it is the present policy of the Department of Agriculture to
seiz¢ any shipments that show any measurable trace of 2,4,5-T on
food'shelves? ,

Dr. Baviey, It is the responsibility of the Food and Drug Admin-
istration to enforce the procedures and make the seizures,

Senator Perey. T understood vou to say there are no tolerances
established: thevefore in the absence of any established human toler-
ances for 24.5-T, it is the present operation of the TU.S. Department
of Agricnlture to seize any food stuffs that contain any measurable
trace amonnts of 2.+.5-T,

Dr. Bavrey. It is the present obligation of the Food and Drug
Administration to do so.

Senator Perey. Thank you very much.

Dr. Baviey. From the data cited above, it is apparent that con-
tamination of food with 245-T is very infrequent and then only at
very low levels,

There is current concern over the continued nse of 24.5-T arising
from the veport of a research study completed under contract by the
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National Cancer Institute by Bionetics, Inc. This study was based
on a commercial lot of 2.45-T acquired for the study in 1965, It was
fed to pregnant mice and rats. Many of their developing young had
birth defects.

After review of this information and after consultation with Fed-
eral agencies concerned, Dr. Tee A. DuBridge, the President’s Sci-
ence Adviser, announced on October 29, 1969, a coordinated series of
actiox}lg being taken by those agencies with respect to the use of
9.4,5-T.

Among them was the annonncement that: “The Department of
Agriculture will cancel registrations of 2,4,5-T for use on food crops
eigs::tivc January 1, 1970, unless by that time the Food and Drug
Administration has found » basis for establishing a safe legal toler-
ance in and on foods.”

USDA was informed in January that the lot of 24,5-T used in
the Bionetics study contained significant amounts of a highly toxic
contaminant, tetrachlorodibenzo paradioxin. The Department was
further informed that lots of 2.4,5-T of current and recent manufac-
ture were reported to contain less than 1 p.p.m. of this contaminant
in flontmst to the 27 p.p.m. reported for tFle lot used in the Bionetic
study.

E:};rtensive studies are underway to determine whether 2,4,5-T is
itself teratogenic. Preliminary reports are consistent with the
hypothesis that the teratogemic results reported in the Bionetics
stady were due to the contaminant dioxins or to interactions of such
contaminants with the 2,4,5-T rather than to 2,4,5-T per se.

The Department announced on February 6 that it would under-
take examination of 2.4,5-T and 17 related compounds registered for
pesticidal use to determine whether or not they are contaminated
with dioxins. Preliminary results on 24,5-T show that those lots
examined of current manufacture and those now in channels- of
trade gave the following vesults—I can summarize these quickly—
the smounts ranged from a trace to 2.9 parts per million, and they
were conducted both by the Department of Agrieulture and the
Food and Drug Administration.

{The table {follows:)

TABLE 1.—AMOUNTS OF TCOD FOUND iN COMMERCIAL 2,4, 5-T BY TWO METHODS

TEDD content p.p.m.2

Sample Manufacturer Lot Gradet Collected USDA FDA

2A ST . Bow.. .. 120110 6 270 ftrace......... 0.07

24,57 ... Monsanlo, ... 07-020 Th 27 L ... 29

245 T........... Hercoles. ... X-17394-21-5 TG 2 NDa. HD

PST T Dow.. L MMM T oAl -5
t 16w Technical grade.

700D Refers fo the 2, 1, 7, 8-tetrachloro-dibenzo-p-diaxia (YCOD),
IN,D. mLevals of TCOD are beow tha limits of delsction or below 0.05 p.p.m,
1 Sample supplied hry Dow a3 2 réference check and reported o contala ahout 0.5 p.p.m. TOCD.

These data are preliminary and are obtained from first drafts of
methods developed by chemists in the Crops Research Division of
the USDA and in the Pesticide Chemistry and Toxicology Division
of the FDA. The dioxin values refer only to the 2,3,7,8-tetrachloro-
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dibenzo-p-dioxins (TCDD) and do not indicate levels of other halo-
genated dioxins (containing 5, 6, 7, or 8 chlorines) in the 245-T
" samples.

In view of all the information now available, we liave not found
that registered use of 24.5-T without a finite tolerance on food crops
. constitutes a hazard requiring cancellation or suspension of such
relglistered nses. .

‘here has been and is concern over the ocological effects of 24.5-T
used ns a defoliant in Vietnam. Dr. Fred Tschivley, Assistant Chief
of our Crops Protection Research DBranch, has reported the results
of his examination of areas treated in Vietnam. He has reported no
evidence of irreversible ecological dmnage. Allegations that defolia-
tion will lead to extensive laterization of Vietnamese soils, that
Mangrove arveas will not recover, that fish production in wetland
areas will be reduced were not verified.

Dr. Tschirley nlso headed a team of scientists who investigated
allegations of njury to humans and animals due to herbicide treat-
ment for control of Chapparal by the Forest Service on the Tonto
National Forest near Globe, Ariz They found that apparent damage
consisted of damage to susceptible plants near the treated arvea from
drift of the herbicides used. The alleged injuries to a duck and a
goat were found te be groundless. Human illnesses were those
expected in a normal population with the possible exception of one
man with skin irritation on his evelids. Clinical chemistry on speci-
mens obfained during the investigation is in process.

Mr. Chairman, that is the completion of my formal statement. We
primarily presented it to provide you with the latest findings that
we have in the particular area.

Senator Harr. Thank yon very much, Doctor,

To snmmarize with respect to the sequence of events on the
DuBridge announcement of Qctober 29, 1969, the Department did not
in fact deregister 2,4,5-T as DuBridge indicated would ocewr unless
these affirmed findings came along. But vou tell us your action was
based upon information that the tests by Bionetics used samples that
contained the contaminant dioxin. and that the current production
of that product was free of the dioxin: is that right? '

Dr. Bavrey, Not completely free. The dioxin was at & sufficiently
low level that we believed that——

Senator HarT. That the test material had sufficiently more dioxin
than the normal production amount ?

Dr. Bavrey. Yes,

Senator Harr. Are yon aware that the preliminary resuits of tests
conducted by Food and Drug. Dow. and by the National Instititute
of Dental Research and by the National Institute of Envirommental
Health Scientists all indicate that 2.435-T contaminated with no
more .cligoxin than is found in the currently produeced 2.45-T is tera-
togenic

r. Bayley. We are fully aware of this. The eritical facts in
regard to those experiments is that those low level dioxin contami-
nated 2.4.5-T samples were fed at sufficiently high dosages that they
wonld be comparable to the dosages used for tﬁc 27 parts per mil-
lion or nearly so.

Therefore. we do not believe this in any way changes the hypothe-
sis that the low level of dioxin is safe.

- —
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Senator ILarr, You say in your statement “Should the teratogenic
nature of 2,4,5-T be confirmed, registration for use on food crops
will be canceled.”

I am attempting to establish what will confirm it. What events do
yout lock to to determine whether these preliminary indications
which you say resulted from the contamination in fact did? Is
there something in particular that you look to?

Dr. Bayiey. Yes, the important considerations here are the usages
for which the 24,5-T are permitted or which in actual practice are
carried out.

The difference between the possibility of teratogenicity of the con-
taminate and the teratogenicity of the material that is used in the
field is based on the rates of application, the losses which occur. All
these effect the possibility of contamination of human beings.

Incidentally, my advice is that the one part per million level is at
least tenfold below what they would consider a safe level in terms of
allowances. In other words, that is the safety margin in this esti-
mate.

Senator Hart. In other words, there would have to be a finding of
10 times morc?

Dr. Bavzey. That is what I am told, yes. This is a statement
based on scientific information provided to me.

Senator HarT. Do you have any opinion as to whether Food and
Drug might set a safe tolerance level in food ¢

Dr, Bayley, The action we have taken is to extend the time in
which information can be provided or application made with Food
and Drug Administeation regarding the establishment. of tolerances
on food. I would not in any way want to prejudge what their
actions should be, becaunse it should be based on the data provided.

If T may elaborate on that, a petition was filed with the Food and
Drug Administration in Decomber of 1967 requesting the establish-
ment of tolerances of (0.2 parts per million for residues of 2.4,5-T on
apples, barley, blueberries, corn, oats, rye, sugarcane, and wheat.
Those were the only crops to which that petition would apply.

The petitioner withdrew his petition on December 29, 1969, as

rovided under the pesticide regulations. We have extended to
ecember 1970 the opPortunit,v for him to provide the data needed
to reach a decision on this.

There is one thing I think is important heve, and that is the ear-
lier reference to the concept of first, the burden of proof, and sec-
ondly, that we should not believe their data. We have to watch out
for this paradox.

We in the Department of Agriculture, as you know, with the
cooperation of the Food and Drug Administration, are not simply
acceL)tlI_lg the proof from industry in these cases. We are going out
to obtain samples and testing them ourselves in order to verify the
kind of information that is coming in.

Senator Harr, I am not sure it is a paradox to say that the
mrden of proof is on the fellow that wants to expose the public to &
product and some saying vou cannot trust his data. They are two
separate problems. -

Dr. Bavyrey. I recognize that,
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Senator Hanr, Let us be assured that the data is relinble and
objective. and Jet us insist that the burden of proof may be on the
fellow who may or may not be proposing the introduction of the
chemieal.

Dr. Bavrey. I suspect I am sensitive to this becanse some people
challenge why we test products. We think it shounld be dene m the
public interest when it is needed,

Senator Harr. On the matter of the dioxin that was found to exist
in the samples in a much higher percentage than the normal produc-
tion thereof——

Dr. Bavrey. You mean the samples that the Bioncectics group had?

Senator Hart. Yes, that the Bionetics group used. That was the
reason. was it not, that led you not to follow through on the
DuBridge pronouncement. of Qctober? Ts that the meat and potatoes
of it? ‘

Dr. Baviey. This is an often misunderstood sitoation. T think it is
important to vealize that the date we chose in regard to the possibil-
ity of taking such action was chosen because the Food and Ding
Administration had agreed to complete their action on the petition
by that time. When they had not completed their action, I wrote Dr.
Roger Egeberg a letter on January 7. asking for a statement rogard-
ing the status of their considerations on the petition.

On January 21, T received a response Indicating that they had
further data which changed the position in regard to the need for
immediate cancellation,

We will be glad to provide these letters for the record.

Senator Flart. I think it may be helpful.

{The letters follow ) :
Jaxvany 7, 1970,
Dr. Roger (0. EGEBERG, Assistand Secrclary for Iealth and Scicntific Affairs,

Office of the Neerctary, Depavitmont of Health, Fdwcation, and Welfare,
Wushington, D.C.

Dear Dr. Egepese : On Decomber 13, 1967, a petition was filed with the Feod
and Drag Administration to establish tolerances for 24,53, T on speecific Tood
crops. In accordance with the Interdepartmental agreement reached in Dr.
DuBridge’'s office on October 29, 1969, we announced that we would isswe
notice of cancellation of the registered uses of 245,77 on these crops unless the
Food and Drog Adminlstration found a basls for establishing tolerances by
Jannary 1. 1970. This date was chosen beeause the Fowd and Drug Administra-
tlon agreed to complete action on the petition by that time.

We wonld appreciate recelving without delay a statement from the Food and
Drug Administratlon regarding the status of their considerations on the peti.
tion {n order that we may take appropriate action. This request is made in
accordance with our mutual interest to take responsible action on this matter
and also in full cognizance of the exchange of letters between Secrotary
Hardin and Secretary Finch regarding public health respongibilities in pesti-
clde registration.

Sincerely,
NEbv D. BayLrey, Dircclor,
Sclence and Education,

SURGEOX GEXNERAL OF THE PrnLic HeALTIt SERVICE.
DeparTMERT oF HEALTH, EDUCATION, AND WELFARE,
Washington, D.C., Janvary 21, 1970.
De. Nep N. Bayrey, Director of Science and Education, Office of the Sceretury,
U.S. Department of Agriculture, Washingion, D.C.
Dear Dr. BAYLEY: In reply to your letter of January 7, 1970, inquiring as to
the status of Pesticides Petition SF086% (2,4,5-T), submitted by the National
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We have heen advised by Dow Chemieai Company ;

(1) That a sunple of the 2,4,5,-T herbiclde used in the Bionetlcs study con-
tained 278 ppm of u highly actlve (biologleaily) contaminant, tetrachlordi-
bhenzo-para-dioxin.  (This hay been confirmed by the Nationn! Institute for
Environmental Iealth Sclences.)

(2) That this materinl produced serious inflammation in rablit enr tests and
that the presetice of the contaminant had been confinmed by ehromatography.

(8) That stundard production 2,4,5T contains less than 1 ppin of this con-
tamlnant and does not produce Inflammation in the rabblt ear test,

{4) That Sprague-Dawley female rats as dams have been under test in their
lboratery at Zionsville, Indiana, at five levels {23 rats each) of the standard
production line materlal. They came to term Janvary 7, § and 0, 1970, at
whieh time they were kilted by carbon dleoxide inhalation and fetuses were
removed by cesarenn section and subjected to standard examinatlons for mal-
tormationz and anatomical anomalies of various kinds; further examination
will include ¢learing, staining and histopathologic procedures.

Dr. Howard L. Richardson, Chief, Pathology Branch, FDA, pacticlpated in
the evialuation which reluted to full-term rat embryos subjected to 2,45.T
durlng gestation, as well as a number of full-term rabbit embrros. He reports
that ne sigus of walfermations were found in gross and mievoscopie dlsseetion
of thexe embryos, bat that histologle examinations are yet to be wade. Yerson-
nel trom the National Institute of Environmental Health Seiences were unable
to partlcipate, but will be involved In the examination of thiz and ether infor-
wiational materlsl

Further characterization of the contaminant tetrachlerdibenzo-para-dioxin is
currently under way and Dr. Leo Friedman will welcome particlpation by your
research staflf in this effort. We would point out the resemblance if not the
~practical identity™ of the tetrachlordlvenzo-parn<lioxin with the “chlck cdema
factor.,” This substance is of extrewely high toxicity to all speeles of animnls
thiat have been exposed, and untll now, its source in contaminated fatty mate-
rinls hns been a mystery.

Cousldering the Imminence of the avallability of this gdditional information
wnd the legitimate question as to whether or not the teratology reporied by
the Bloneties study was due to the 245-T or to the contaminant, we have
olected to delny action on the petition for a few more days. As you know, the
petitioner had requested, on December 5, 1960, an extension of 3 additlonal
months. .

We will advise yoir of onr decislon as xoon as our scientifie staff nssnys the
results of thix nearly completed test and cousiders them: together with the
results of other current research on 245-T at the National Institute for
Diental Researchk and in the Food and Drug Administration. Thos far, no one
has confirmed the Bionetics results although 2,4,5-T (with 278 ppm contami-
want) has beent found to be embryotoxie. -

Sincerely yours,
JessE L. STEINFELD, M.D.,
Surgeon General.

Senator Haxr, At the heginning of your testimony you say resi-
dues on food are unusual, When they do occur, are they the result of
wmauthovized use of 2.4.5-T or nuthorized use, or both ¢

Dr. Baveer. Mr. Chairman, I am going to ask Dr. Byerly to
respond to that.

Dr. ByerLy, Sir, one of the two significant values, 0.19, was on
milk, and the other was on sugar beets. As far as sugar beet use, I
wonld have to verify whether or not there is a registered use on
sngar beets, There is on sugarcane. There is certainly none on milk.
This would be unauthorized use in the case of milk, certainly.

Senator Harr. Is it authorized for use on grass?

Dr. Bavrey. Yes, sir.

Senator Hant. Tt is?
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Dr. Bayrey. It is authorized for use on grass,

Senator HarT. And clearly not on milk?

Dr. ByerLy. No.

Senator ILarv. What do vou say to the suggestion that if you
know that there is & regular unauthorized use of a pesticide going
* on you ought not permit it to be registered? How can you register a
pesticide even for safe usage when regularly it is used in an unsafe,
unauthorized manner?

Dr. Bayirey, The law provides, and I will not pretend to quote it
exactly, that if despite the registration restrictions, including use,
the Department finds there is injury to people and to the environ-
ment ot desirable environmental organisms, that we can consider
this as misbranded and cancel the vegistration,

So the pattern of the enforcement of that part of the law is for a
surveillance program to detemmnine the extent to which their unan-
thorized uses ave providing injury and then we take action.

This is very clearly shown in the action we took recently involv-
ing a mercnrial seed treatment program compound. It was this type
of action. where unauthorized wse was creating an injury and we
immediately suspended it.

Senator Hart. You say the use is authorized on grass, not milk.
Could not cows eat grass. thus producing residues in our milk.

Dr. Baviey. This is based on the recommendations for use and
also based on the degradation properties of 24,5-T itself, Good prac-
tice would require withholding the grazing of cows from these pas-
tures until such time as we can be sure tﬁere will be no residue in
the animal product.

The widespread use of this as herbicide on ranges and pastures
indicates that farmers are following these practices with the possible
one exception that we know of at this point.

Senator Hart. What information can you add to this recoid sub-
stantiating the statement that 2,4,5-T degrades in a matter of—how
did you put it?

Dr. Baviey. We will be glad to supply for the record the scien-
tific information indicating the degradation time of 24,5-T as well
as the circumstances under which this will vary.

Senator Hart. That will be printed in the record.

. (The information follows:) '

There is a voluminous bedy of published literature on the degradntion and
trersistence of herbicides. Enclosed are flve reprints available to ns that deal
specifieutiy with 24,5-T. For 2 more comprehensive discussion of 24,5-T and
other pestieldes, we recommend the following publications:

(1) Kearney, I, C. and D. D. Kautman Editors). 1069, Degradation of Her-
bicldes. Marcel Dekier, Ine.. New York.

{2) Miller, M. W. and G. G. Berg (Editors). 1969. Chemical Fallout—Cur-
reut Rescarch in Persistence of Herbicides. Charles C. Thomas Publishers,

(3) Nature and Fate of Chemieals Applied to Soilz. 1960, 1.8, Department
of Agriculture, ARS 20-9.

The literature supplied herewith smbstantintes our statement that 2,457 {s
degraded in the soll in a few months. There will, of cottese, ie some exception

to any general statement. Greater persistence would be expeeted In 1t cool, dry
environment having a low microforal activity.
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: 1 -G t B h on Persistent N
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Soil Persistence of 2,4,5-T
The persistence of 2,4,5-trichlerophenoxyacetic acid (2,4,5-T), when
applied at recommended rates (0.25 to 8 1b/A) is 4 to 5 months as

compared to about I month for 2,4-dichlorophenoxyacetic acid (2,4-D)
as shoun in the figure below.

PRENOXY, TOLNDINE and NITRILE HERBIOOLS
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DeRose (3) found that a 3 1b/A field application of 2,4,5-T was no
longer phytotoxic to soybeans 3 months later, However, rates of 10

and 20 1b/A remained highly phytotoxic afiler 3 months, Newman, et al
(4) found that 2,4,5-T lost its phytotoxicity after 4 months when
applied at rates up to 26 1b/A. Burger, et al (1) found a similar

1loss of phytotoxicity to alfalfa 4 months after the application of

25 ppm (50 1b/A). However, these were both laboratory studies in which
the soils were maintained moist and warm, two conditions thar fagilitate
the microbial inactivation of phenoxyacetic acid herbicides. The-

6 wonth persistence of 2,4,5-T in soil, DeRose and Newman (3), appears
to be one of the largest persistences reported.

Microorganisms arc primkarily responsible for degrading phenoxyacetic

acid herbicides in soils, The kinetics of 2,4-D, 2-methyl-4-chloro-
phenoxyacetic. acid (MCPA), and 2,4,5-T detoxification in seil-perfusion
experimonts were exactly what would be expected if microorganisms were

the detoxicating agents (4); in addition, detoxication was blocked by

the bacterial inhibitor sodium azide, The bacteria and actinomycetes
responsible for degrading phenoxyacetic acids are shown in Tables 1-2 (4).

The metabolism of the phenoxyacetic acid herbicides has been studied
extensively {4). There appear to be two major pathways of degradation,
i.e., viaz a hydroxyphenoxyucetic acid intevmediate and degradation via
the corresponding phenol. Some of the important steps in microbial
metabolism of representative phenoxyacetic acids are shown in Figures
1-6 (4).
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TABLE 12
Bacteeia and Actinomycetds which Degeade Phenonyavetic Acids

" . P

aguly

] o v p a FN
« &k o 3 ] 8
Tt ot f 08k IR
% £ 4F 13 43384 34 § 3§ 5
EREENEEEE L
§ 4 583§ 8 PR 3R
Org. Red & § P 4 Py 3 <+
Baguttis
Povickrazniniy o, 253 -+
Patdenriial, ap . 44,58 +* -
Mpgupiand sp. £ + + + -t + +
Achsuniabatrer i & - ) +
Aphronahactos 5. 51359 + + - - + -
Achramadarioe sp. .8 - - - * - -
Fluz ohurrestiom #1400 N - + +* +
PPCTET i
F. Meecoroinm AL +*
F.posesiinam " +*
Corpaienrinm §. # +*
Ehe #1506 4+ *
13
Artheadacter gphabfocmis mre -
{Baerevries piahifurmes
Arthr hvier 30 f A + + + -t +
Sporutatuphus 91,06, 000 -
powepats
(F ot apatvioriam:
tugeurtitey
. a2 - -
Stevpra Jor .

SOV JIONYXIPARONTINE

FSuSairald I A A ROEA A 1 3000 Ted 3.



43
CH,CO0H
! oH H
s a HO cl " HONC
R —— - ——— OOU —
(A, B) {A) (A}
Qa o]
un (18} as% an
{B)
(l:u,coon
H H <Oy
© © 8.0 - H:O
a ) a Q Q a-
{1} (1) N [eli]
H,CooN
OH
CH, iy
» » 1 » ?
(D)
a a
s - 26)

Fig. 1-6. Microbiat degradinion of phenosyacetic acids via the corresponding phenols.

LA} 230 (0T degradation via 2 4-dichtorophenol {18), 3, 5-dichloracaicchol {(19), and

wthloronmuconic acid (20); (B) 2,4-D degrmdation via 2 d-dichloropiienal, A-chloro.

cateched (21), and Z-chioremuconic acid (21); {(C) 4-CPA (21) degradation via S-chloro-

phenut€32), $-chlorocatechol, and G-chloromuconic acid; and (1) MOPA (25) degrada-
tion via Zaneityl-d-clidoroplicnol (265, [After (33,59).]
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Growth of Crops in Soils Afeer Herbicidal Treatmenes for
. Brush Control in the Tropics’
R. W. Bovey, F. R. Miller, and J. Diaz-Colon?

ABTRACT

Werbickdes Saujuo-dS5050rkchisrepicollnic atid |
), 3 11 mumdmwmd!.m
phenackacciic achl and 245u0kchi yaietie seid
(AIRZAST) and 8 220 eninture of the Jasocty) emens
af TAILASTiphboram w87, 189, awd 168 bg/ba {6,
24, sl 13 IbiA) mp«du“lz;"ane spplicd a3 follar
WPrase e comiret guava (P guafrcs L) ﬁlnof
?&-wmwminﬂlmbﬂmw. A
.S.OII,‘}».:&.‘N 1315 swamth aiter treatment, t& detect
heebicldy ues o 1o dmmlucm;:hnm Carm,
s, wheat, rioe ool Cotlen conld be gréwn witkous
o ki:'h:' (resh welght 30 early mﬂu 2l
A WErE [ ] -

Merbdchic serkdus, e
Addicional (nbex wordy herbickde rablue, pittatam,
24D, 245T, yuava,

A COMBINATION of 2i-lichloroplenoxyacetic
acid  (2A-D) and 24 S-teichiorophenoxyacetic
acitd (2A5T) is an established herbicide for wood
pane comirel  (L45)  Herbicide tamine-3,5,64n-
hiotepicalinic acid _{yidonm) amct combinations of
piclorain with 243-T show promise lor contrel of
wood ries which exhilii resistenee 1o phenoxy
hcr::‘id‘e: ¢l ltq Simrh‘lui h hctbifide Se are ;-;
apui or wiequate biush contral in wopics {10,
I'r} damage vo agronoaic aml forage cr seedt-l([ol
Iawing treatoent could vesull Grom herbicide residues,
Disappearanee of 24-0 and 2457 {rom warm motst
wils in the waperate zone is rpid. Accumulation
of harmfnl vesiducs s walikely from year vo year if re.
commendexd rnlgs‘{or m:od wnu?I‘ are {oliln‘wal 4,5

Factors far } of ¢ her
Uicides include wicrobial acuvity, feaching and vola-
nliy 3. It is I thar ph A

from m;il profiles are by keaching and phow-decomposd-
tion (7).

Jungle arcas in Hawaii were aerially teeated with
Lmethoxy-Yi-dichlorol ic acid (dicamba), 2-{24,
Searichiovoph y} propionic acid (slvex), combina-
tiom of maqna: plus dicamba and 2,4-1r plus picloram
¥). When wreaied plots were planied to Monkey ille
rees {Samunca saman (Jacq.) Merrill) 1 month aleer
application, the trees developed no injury from her.
bu_l_iu.lile_ residues in the u:l. B of si

is paper reports the growd six cr es
in 3 tropical soil treated with picloram mdwmtm&
tions of 4 1-0:2151 and 2,4.D:2,4,5-T:picloram col-
fectad fromn a guasra control area, to determine the
Tongevity of luniu't'ide resiclues and the tolerance of ine
divitlual crop species to cach herbicide.

MATERIALS AND METHODS

Herbicidal (rrauments were made on malure uind of guave
(Fdiem grapara L) nesr N:‘mou, Pucris Kicd, Characier-
ks of guany, the phyrical snvitonment. Snd respomics o herbi-
cides hoave becn ibed (1), Hebicide wire spplicd o

uava with 4 pole iprayet dorigaed o cover 4 (216w (000
“ meter clrcle (Dowler, G C. and i H. Tuchirley, | De-
wliwiion Frojece Ma t, Puerco Rigo. Ana. USDA).
foision, Projecs Staragut, Puees A B G0N
832 % ﬁ ib/A) a b:b mixture of the butyl eoern of
TA-IZAST o 2008 hgtha A and s 231 misoere of
vhe isooiyl entets of ZA4DRAST:piclorss (M-3140) M 1600

kgsha (i3 lesA),

ol ssmples were taken From Berbiclle seested L%
T e Py amd 1354 monthy slier westment by [173
rop 1 {0 (3249 crb of 30il at (hpee of four Focaciows i tach
Pl samples [ and 2 months afer iremment ware sl
waken {or M.5140) To conaminstion, a clean

would have an acceferated rate of diupgeara'nte in
(ropical soily ¢ ! to 1 [ be-
cuse of bigher temperarercs aml greater raiufall,
Available information suggests that 200 FEINZINS
in soils mudh longer than 24-D () (R, W. Bavey,
1969, Unpublished data). Decomposition by micre:

nrganisms'is very show (1), Hioassay W

el
-a;miwuchpm. wu&hoedinphﬁ:h“wﬂed.
n i purted o | .
padveelaed by hamt amd in ¥ 305 % 134m s
12 % Finch} bexes B Wik plastic 0 prevest 5
the berfucide, Esch worker wi required o wash his
sheraughly Loiween each sl tresqmemt.  Untreated o
plcs wm:r d litw, Bollowed by lohgewt |
ticament (1315 momilis) to the shomies {1 month).
uliont were prepaced for each tresamend. $oil from (e crestnd
wea wak 3 Mucara wiky clay-leam (11).

‘Ivat W hall-Jife of picloram in soils th ghout (e

Cwentydive toeds of corn (Zag map L) war
rwod bigodor ‘Cambenge Kafir-80," wheat

United Statey viried with Tocavion, but sone persigen
1 year after treaoment (3. Sinvilar spedies in Texas
6) anct Paerio Rico intlicased bt bess whan LS ppan
was it b ovear after reatinent of pickoram at B
IhsA {896 ke ha} and 9 LA (10 kg ha), respechive.

4 Fm L) var,

(Triticam merlivum l..u-r. ';tenuu.' rioe (Deyzd sartivd
war. “Taichung Native No. | cotton_ (Caypium hisyuivm
ol ~“20d tagh Giycime maz Sers
sar. Lk were plamicd i each replication, w withy 3

to L3m 134 w0 Ly-inch) layer of soil, snd wavered. The amops
wete grown fov 3 daw. Aﬂiﬂ‘mﬂnﬂ of all plands I enth
L were weighed em an rowic balance and recorded

Falata) 1
\he Texnas detcrminations were made [rom sandy loam
willy anml sampeles were tahen o a depth of 24 inches
&1 oml. Adbditional wark has indicaed thae che main
ouites af pickoram dlisapy € and dhee Fti

W (G C. Vowler, 1966, Unpublid i

t Comboibiiog feom the Crups Hotaech Disisnm, ARS, USBA
Fhis research was taced by (unds by comraon with Depan
et of Ao, Foin D rick, Erolerich, M. Heceived May 1. 1963

b ! LIRT i, Crencibris, amnd ,lglvji:uuural Rcvearch
Lorlunvian, Laogs Rowaneh Divicion, RS USDA, Fedenal Fx-
-riiend Statiom, Alasagees, oo Rioo,

av fresh weighi, Numierical valugs prewmied in the tabbe tha
falbow' e preceincage of the comred.

RESULTS

Waintall is imgomm in the dercanposition and dis-
ap‘n‘ rance of heibicides {ronr soil profiles.  Rain.
tall it ane prescatiad in Table | for cach of the
(rehttient pevioals,

Piclorim, thowtly ob wx oops iv soH treated with
pilovin w67 bguha o the A Js given in Table
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showed 1 significant resluction in growih
1 and 2 months afier npplication of tlie
Rice, ns, mul couon were J
essentially no growih when sce
1 month alver ireatment. ans and
d 10 bic & I al(eoted n seeded
um,
ted.

depen-
ing the 58.4 cm (23 inches) of rainfall
received in the 3 momhs after reatment (Table 1)
Th;set " th kl‘lh 1pecies ofdp:éh“l:l
data sugrest that all cro studitd cou
be ufc m;ﬁ' in sails 6 uwmgc afier picloram reat-
thout adversely alfecting growth,

24‘ -D:2 45T, Cro fowth was retarded in soll
weated with the 24— 45T combination 1 and in
wme cases ¢ months before seedi ('hble 2). Acl
and 2 months this combinatien of
inhibitory than picloram although the race ol reat.
went wat {our cimes u 18 that the

d more rapidly

dissi
than am or that the ¢rops were more tolerant
10 the herbicide combinavion or boath. Wheat and cot-
wn produced growch oompuahle 10 the oomml whcn
mded in soils 2 hs afrer
were the ‘:;wa readily u:hllm:d of all cmj:ul

£3T
g3z

5
:
3

1

k-3
4
i~

&
£
%

1
7

IS
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months are unknown. “That thls

vion is indicated by over 100% uction in samples

of soil taken in ploss having ‘a shorser cime

these same treatments ‘éempt ng soybeans). ama
not da! mlﬂantlv atu

El;am) for all crops d
Yevel of Duncan’s Muliple Range Test.

M-3t¢0. Bleoded raves of ieatment for M-3140
were 6.72, 672, and 3.36 Itg/ha {6, 6 and 3 Tb/A)
of 24-D, 245T, and & ively. No g
nificant differences (59%) in growth cccurred among
averages for moaths but did for « itt n
M-340 was applied. Soybeans show m‘luq in soils
treated for 915 mounths or less beiore seeding (Table
8 Cotton $ months afier creatment was stight-
z‘in ured. Amuntly. sulficient picloram persitted
’ Jle ervals 1o cause damage “wm:
beans and ootton; but other crops were unal

DESCUSSION

These studies indicate that high rates of herbi-
cides ufed ] ec:::ol vegemmdli in :mpi?sl m::: sub-
wopical areas r rapidly, even per-
dgm ppc::u Felor: are wied. Hence,
MOAL Crops could be salely grwn ﬂ'ithil'l & months af-
ter application with few if any adverse elfects.

Saybeans were most sensicive (o herbicidal
sesidues in soil. Useaﬁ: an alternarive crop should
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be cansidered, if secdings are made during the first -
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Craminae ipecies such
ak corn, sorghum or wheat may be used first in treaved
areas, because these are more twolerant to che residues

few hs alter

of herbicides used for conurolling br

Rainfall (Table 1) is imporiant in leaching hesbi-
cides from soil promﬁ In arens of lnol:lc ;bundnm
precipitation one could expect more ra isappear.
ance than was eucountemm this stul:;y. mm
that other s0il and environmenial factort are equa
We have concluded that harmiu) residues of herbi.
cides in (he soil would mot occur in tropical arcas
after themical brush temoval if & seasonable deler-
ment of Tand was cbserved after application.
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Vo war after nearmo, benom way Ui seont prrdsene bl
abte i bl Dheibdculs wore Bl 0 3 36 a6 Bn degab
within 3 mmnhs after spgdicasion,

Therbacendts and wonkls sordlings wate preswnt 31 all His within
Wb b afer boebisnhe applicanen, There was o abeindty afa-
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HE ¢elfeer sl Berbigiches seppdied e il for conared

of wowdly s e wropival Gorests has oot been
daedled dsemively or extensivels, A shor review by
Mava-Menemler 73 wndicaned ahae il arcatmens o
ey was the s ellective niethod of  application,
Beveridge 21 Spoaa {11, aml WyeaeSmith (17, 14)
wedd Teill ety sucresfully ona Tange nundxr of
wopical specics b wated differential | soscepribilicy
atewg spuecivs, Thnekion &0 vepaoreed ehat a Jasal aprasing
or g wir s clleceive as Britl eatment,

Many hardwoods can e cmitrothed ellectively with
phenoxyacetic or picolinie acids applicd in basal frills
or as ree injections (6, 151 Many «ongems are offoctive
as foliar treamirents for controlling woody plants (3. 16).
Natken {1 reporad tha daming-356richiorapicolinic
acid {picloran. wlen applied as a soil weamens, was
an effective herbicicde for comrolling wondy plants. He
abwy notedd differemial suscepribiliey among v,

frseparable from the biologiral elfcct of herbicices
apptied to dhe sodl are heit and pensl

Weepival for publivinks Frhirmaee 15, 1967

Morcarh Agronoiiim, Agrkwloiral Rewaech Technician, Roe-
warch  Range  Seieniht. reguviivdt,. Crgre Rewarch  Diuivion,
Ahwloral Rescaph Sondee. 175 Pontnnent of - Agviguiire,
Fokral Exprimem Stadon. Muvagued, Pwenin Rbn,

w Fomevtiew, and F. H. Twemeery?

Factor sach as rainfatl, pliysical aml clensicat ciaracwr.
isties of U woil, mvicroorgativon, diemical characteristic
of the herbicides, amdl acthod of applicaven may jn-
Hwenee heeDichlal movement and penisence (5, 8 16, 12).
Trir objectives were (b oo decermine che poxicity of
wehecied herbicices o tropical urboreal vegeiution, {1y
to dewermine the muvement and penivence of thewe
chenvicils i dhe soll, sl o) to sbserve dw shonterm
ellee s of these cheniicals on sevanidin s plingt amcesion

MATERIALS axD METIHODS

Dur whwdies were haiated in Goanica Conmmoenwealth
Forew, Mancao Commowweabtl Foresr anil Luguills
Nutional Forest, The soil ovpe at the Guanica Common-
weakth Forest i Jacana chav. It is an allusial soil nonu-
ally few vhan 36 in deep. with very fow penmeahifivy.
The vegetation is xesophatic. There were 35 womls
species within the test area, bue Lewcacita feucoce phain
(Lot DeWin aund Hacutacaxy'en sam Gecheunm |
connprdsed sore v SHEY, of the woods plant populistion.
Mean Jicipghw of dhe vepetition was 15 fr. Anmed eainfall
in the Guandes area, emimated at approximarely S0 i
accurs Lavaely Trom Joby 10 October. T recosded 2nm
rainfalt at the siee for 196¢ aml 1965 wa. 27.84 and
25.00 in, respectively. R

The sl txpe au e Marican Gonomonwealth Fores
site is Nipe dlay, a permeatite, wellddrained, Sarorivie soil
derlved from ser ine. The vegenation on this viwe i
lavified by Beand (1) as moist opicat forost. Phere were
1005 woody species within the s arca, The mean eanops
level was approximatels 50 fr. Mean annwal rainfall ai
the Maricao sie in estimated o he ahoud 20 in. Rainfall
1] Wy distributed shroup the vear. but Decenr
Ber to May is the driest period. The vecorded annual
rainfall a1 the site for 14 and 165 was #64 amd
H9AR in, respectively.

The il type at ¢he Luquille National Forest sice i
Los Guineos clay boam, a plintic clav with poor internal
drainage. The vegetation §s 4 tropical rain forest {13 with
a mean canapy level of aboue 60 . There were BB (ree
species on the test dite. Mean annnal rainfall is estimated
1 I over 100 in. Tihe highest wainlall normalhy oceurs
frem Julv o Ovolier, b ddeoasglies are nakoown. The
reeorded annual vainball near the sive wis 578 in for




1964 and 12602 in for 1963, Tochirley ef al. (14) charac.
erized tive Maricao and Luquillo sites in greater detail.
Tile herblmlu uscd in this uudv were 3brome-Y-sec;

b (b il), < nl of
acid  {dicamba),

2 ‘. '_3.5... L Y
tlndtlmpheml}l J-climedvylurea (diu.ron}. Na sah of
&H‘mchlmoplnn}bmw and {fenac). K salt of pic-
bofam, and 2 iazi
!’ml:;nc;one} Each herboc:de was applied ac 3, 9, aml
2i 1y

A randomized complete block design was used at each
tocation. The treatments were replicated chree times at
Guanica and Luquillo, but only twice s Mariean be-
eame of topographic limiwations, Each plot was 60 by
A e, with a 2061 boffer weparating adjicent plots. Dma
were cotbected from a centrally Idcalﬂ‘ 40 by 60-ft wh-
plot, Narrow walkways weré cut through the long axis
of eaclt plow 10 facilitare reatment and data colleetion.

All woody plants having 2 diamcrer brease high (here-
inafrer referred 4o as dbly) measurement of 0.5 in or
greater were marked, mapped, and identified (a least 10
genusy ai the Guanica site. Ae Maricao aml Loguille, only
tlanes having a dbh greawr than 1 in were marked,
mapped, and ideniified. AN defoliation data were col
ieeved oty fraon dve marked plancs.

The lrerlncudes were applied with a cvclone hand

s g pelless, P . or Hquid
adsorbed of vermiculite. \umuculne was wsed a1 2
carricr to provide addicional balk for all treatments. The
application dates were: Guanica—Octoher, 1963: Mari.
cav—Deceraber, 1963: and Loquillo—Janvary, 1964, Per-
venage of defoliacion of each m:lrled plam was estimated
werinlically alter ar Pl fott, caloulated
from individual planc defolistion. represents a mean
percentage weighted according to el velative prevalence
ol variows species,

The downward movement of herbicides and their
poeisence i the soit were sudied by sampling 3. 6.
wml 12 hs after Dupti soil P
were collecied at random from cencrally located 20 by
107t subyplots. Soil from depths of 0 10 6.6t I 1210
24, 24 v 35, and 36 10 4R in was analveed separacly, I
the Wil way not 48 in deep. samples were collected o
the maximum poswible depth. The samples were placed
into kgt sivrene cups then sealed and cransfereed o
the greendrouse where & hicasav was immediztely initi-
ad, Cucwmber (Cretemis sattris L., var, Poerte Rico 30
was weld as an inbcator plant Approximanely six
cucumber sceds were plased in each sample. Afeer
emergence. the cucumber were thinned o two seedling.
per sample. A mean injury raring of each samiple was
thaile afu,r 28 dws of zmmh nntt conpared (o an

Dlisd dard curve, Iy character-
istics were exprossed on a Il'l-pmnl scale, where ¢ = no
cffect anek H) = planes killed.

Succewion daca were collected from one replication at
vach site. Clmervations on the wpecies presemt and heir
retavive. importance were made ar Maricao, Guanjea.
anul Loquille in April. Mav, and September, 1965,
respectively. The successional species on each plot were
identified ‘to family, genus, or species and grouped
according to wree seedlings. graves and sedges, or her-
baceous ptants and vines.

48

RasuLts
Hexbiridal eflect on woody plants. The correlation co-
efficieny of percentage defoliation and plams killed was
sighificant at whe 11, Jevel of probability; consequently,
results are based on defoliation only,
Guanic. Pickoram was clearly e most effective here
hiciade {Tabde 1), Hromacil amd prometone camsed high

Fable i Forcemage of defoliation and amis kitled of all arlwecat

surics il dhe Gwanica, Miaricso, Luguillo Furenty appooi-
wately T vears aker horbididal Ieexinechls.

Treaoment viter
Uberhicuir whd fare, i A Gunnlca Ml prhe . Fugullion
e M Tief .9 15ef L4
Fokwam Y ] 5" LY. - H 2
o L *l T, N 55 &
b L E 4 L] “ L
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Kl ] - 1 i 11 1
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Chek. ... . .oon 4 z |
i = p g di: K - planty killed.

defoliation at the higher rates but were bess effective when
only 3 Th'A was used. Dicamba, divron, and fenae
rawsed ondy slight defoliation even at the highex rate.
Diterengiat suseeptibility of the five principal species
at Guanica is shown in Table 2 Picloram, considering all

Fukde 2. I"cmﬂagc of defolistion of 1he Rve principal el in
Guamica teu sise & vears afir behicidad teeattemas 1w the soil,
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Proeqime 1 b 1 E N &
'+ 9 % ] L) 0
= 180 - i 10 103
o ¥ 3 i gy ] L]
- n ] 43 14 3

2 [hd I w
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1 » 2k - wh 1
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ok . B - 5 H 3

1, bragsas fomsophais tam DWW ¥ Haematby g |, 3 enruicg

wvrnand Pt B % Roaer 4, Foasspar rahion rl'%l‘- Uttt

rates. had the broadest spectrum of herbicidal activity.
Promeronre was more effective dian was any other lerbi-
cide for defoliating Proiopis juliffors (Sw) DC. and
Trichilia hirta L.

At Guanica, the maximum percentage of defolintion
resulting from treatments with picloram was obtained
abouwt 3 months afeer treaiment (Figure 1). Defoliation
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Fakle Y. Percentyge of defoliadon o the mnc Prdcipal +pcies in
Markao o3 tive afer Betbickdal treatments 16 the il Treaosd
December. 161 amd raed Oceolwr, 1063
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and densicy of the seodling complex condd not be
definitely associated with herbicidal treatment, The mout
common uu:ccsuon species in the Maricag sie were

Y * - 12 14 ([ T TR 1]
MOKIWE FOLY UwidG Al o a TiMy

Figurs | Percentryge of hlil.tim at speclied imevek

|l|=|pidumn||ppudw 20il in three forened

areas in Puerio Rico.

umoilmd essemally constant for he yeit of the 24-month

Towl vegetation control was shiotidived, even on plots
that had been wreared with 27 1hlA, No treatment _Fn:-
vented plant succession lo; miore than 18 months,

s afier wpp. f suf
rre:urm Mill., and cacei (Opumm pp) were airundam

chmc 1pp., feh-
Pammm ti 5w,

Euguifle, Mcloram cawed the highest percenvage ol
defoliation at the Luquillo sire (Table 1) The highes
raves of romacil and dicamba caused appreclable defolia.
tlon, by both lerbicides were much lows effective when
only 3or 9 [h"A were med. Prometonc, divron, and fenac
caused only slight defoliation ac all rates. Picloram was
as effective a 9 thA as dicamba md bromachi ac 27 thiA,

Drid | ibitity wa: among the
eighe most numerous species (I‘able {) Tabebuia hetero-
phplla (DC) Britton was the most resistant species in that

Gran and tree seedlings were less
fencocephalo {Lam) DeWit was the most abumhn: wee
seciling, Seedling density was direcily related to per
centage of defoliation,

Maricao. Piclocam caused 1he highest percentage plot
defoliation (Table )). Dicamba al.%‘l h/fA caused 50%
defotiation, but this was comiderably lower than

no cawsed more than 319, defoliation. Prycho-
tria berteriana DC. on the other hand, was completely de-

Takle 4. Fercontage of defoliation of the eight principal species
llmu}uillu test aive 20 wwombs after Werbicidal treawens ro
[l

cawsed by picloram at ¢ Ib'A. B il andt raee, A m!‘u&hwlﬂhmtw
divten, and fenac were considerably less effcetive, L I N A

Ficloram affected the hroadest specirum of tree tpecics  Fckeam 3 SoaTE e a T
{Table 3). Miconia sintenisii Cogn, way more susceflible 7. WO TR 10 k6 WG dob
to picloram than weve the other eight species. Rapanca  Diewmbs 3 . 1 - 1oy
ferrieginca (R, % ™) Mez app 1o be m g ¥ oW omow g & e
to bromacil. Ocotea lenwcoxylon {Sw.) Mez lolcl'aud all - [ 4op uomo
the herbicides except picloram at 9 and 27 Ib/A. " M,,.‘:, : ’I., T “3 3 ':‘;

Maximum defoli § witl 3 b

m was phtalned a3 Marican about | vear after  Diwen ’:. . E E E ’§

weatment (Figure 1). There was cuentially no change il T F I S 4
during the sccond year of tion, Froe 1. -8 2 13 4

No herhicidal treatmen vented the succemion of 3. n W8 ouodon
wree seedlings, 4 secdulti"w vines and hert ceoms p—— e

nts at Maricao. Tree TR WEre IpITIE Of . 1 o
rrl:atcd with picloram at 9 and 27 Ibn‘A. DUt COMPONITON B e Er e iasi3. Piots brat DO 8 Fase fotbe oy Wkt ’



fofiased by % a0 27 Ih A of picloram, i
Bromacil. Picloram haed (e hromdest spect
viddal acnivive, At the 27 10 raee. sis ol the vig
wore completely defolisted and the ather two wpecics.
Tabebuin Jotevaplylla (DY Briveens ool Coidrr bun -
sppriesin Ut were partialb defolioned, The 27 1 A
rae of dicomba caused MO, defobiaon of Pochoria
bovteriana DUk Fapa fageiofia (1Y Willd, b oo
Weledintion of Moo pagana Swy IS The 27 1 A
rate of bromacil csed 10 defolistion of Prosea
manguna el Nicdoloon aml Poyeloriia beretevioua
DL o no defolimion of Casenvie-Dhxpeees and Fagn
fagitotia (L.} Willd.

The speed ar which rees defolined was ewentiaih
the sune for all Jaerbicides applicel. Trea for the rare
ol defodiatiom aad by picloran indicate that oiasimun
cllectiveness was oddaival abony B ot 2 moaths ofter
ereatment (Figane Ve The saxionom defoliaton occurrel
weamiet [tk pi Lo ot 010 4 ahan piclonany e 27 1h 'y,
Twbdiation  wetnainml esenriath consam e the o
custhy guryionl .

The selaive demsite of new seeillings Lanpuilles

siger conlel mot b coprelael with ahe herbichlal an
ment. The moy rommem free seedlinggs were Pucleediin
Besteviona 1ML frotor foiea o fSa ey, anl
sacd metana (Grahang Nicholaw. Grasws were et
reproeseiited by Pavicwrm addfiesaem Trine and walizes In
Seleria wreans {150 Mooy vikes and herliacoons ploasts
were [wosent, Fpomaen s, being the bene oot
There wie 3 divca relation hetween perentage of (e
fedintinn aml nomber of oew somllings, e wae afiey
ireatmiene, tlwe Torest Do of plois il haed Tnen com-
perely defolizred was covened with vewetation. The dene
ity of new planes is sbown in Figure 2.
Herbicido! vesidie in the soif, Three montls afeer appti.
cation. thw herhicides Joul moved downward fo (he il
to the M o A%in depth. The bioasay data for all
sampling depihis indiented persistence of the herhicides
in twe il | vear after treatment for alf lacarinns was
in the order of fenac = promctone > pickoram = din-
ron = Hromacil = dicomba, An example of the residue
data s shown in Figure §. Dicamba had almost com
plercly diappearcd 1 vear afser treament, Two venrs
afeer wreaiment. {fenac was still the most penistent herbi-
cide, Tollowed Iw promcune awd picloram.

The persiseence of the berbicides generally was grear
est in the driew area (Guanieay and Peast in the wetoese
area {Lunuilley {Figuee 9. (e rear aftee application.
the residue of piclorany in plets treawnd a 27 B\ e
mained in eelativels high concemrations at all rese siees,
as determined by the cucumber bicaway test. The pres
ence of piclornm in plots treared ar & 'y could In
easih deweetedl 1 vexr after gearment. bue the concen
trations were abou IO times lew than in plots (reated
wirth 27 Ih A, The vesidoe slata for alb focacions indicared
a trend for all ehe Nherhicides 1o divipate more rapicl
in the wop 12 in of il

at 9T M %
LT O
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Figrae 1 Concotiatmn afl sy Bethicide 1wy aber appcann
we Jaaoa clay plenanica suen a0 Y Nz AL
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Dhscussies

Over 200 woody species were represented on dee shree
st sites, bun several species were represenied by only a
fow individualy, Tschirley (15) commerated some of e
problems involved i evaluating herlvicikle: in wropical
furests, Oher workees {2 9, 11, 16) have shown distinet
differonpinl srcepribiliny of woudy plants 1o varions
herhicides, Dilferential “species smceptibilivy also was
cviddent a1 our test sites. When all the crearments ac all
locations are considered, Fabebuwia hetevophitta (DCY
tieirton, Covidia boringueniy Urban, Frgo fagifolia (L)
Wilkl, and Ocorca dewcoxylon (Sw.) Mez were niost
vimistant and Poychotvia bevieviena DO, Méconin sins
eneisii Cogo, Senegalin wesinna (IYC.y Hrivton & Rowe,
aml Levcrewa leveocephale (Lam) Wi were most
awweptible, Cawavia-vypetes, Miconia vintenidé Cogn.
anel Miconda franing (5w, T were reprosetvied at bodh
Maricao awl Lawpuillo, ‘The reaction of thew specics to
the ierhicides [olbowed e samve peneral wreid an hosh
lowsationts, Dt chefolianioan wirs greater ar Marirao.

Tl cHevn o elinyanie apal cilgaliie Gy on berbivickal
activity wimeot be chearly etucithoed in this studye be-
came uf differences in species composition. A all thce
1eng sites, rainfall before application was wlficient o
waanain adeguate plant growth. Kaindall for 2 momlis
aler vreanment was 241 jn ac Guanica, 5,16 in a0 Marice,
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aml B ot Luguitle. Suficice e e icach dhe
herbicides into vise soil fell au all dhree locaions within
a few days aleer application,

The rapid inorease in reloliation shown for dicamba
and cheek plots in the Guanica site is the result of re-
foliation occurring during (he rainy season (Figure 3).
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MOWTHS FOLLOWING APPLIGATION
GUANICA

dgwe L Pewenlgge o womdy doefoborion in W dles. {ananida
Foieat sbic o Pueitn Rice afer seasng with tbeee horlnicides
apgdical o ihe woit

The ainy scason wwally wecurs during July vo Qcowber.
Mou of e wooly plants grow cigetoindy during che
rainy season and are decidwous during the Tong dry sea-
soiv, Refolintion on ‘llm 1 with 27 1" A of dicamba
uttests 10 ity herbicidal ineflectiveness at whe Ciuanica site,
Tiwe bk of reloliation of womly plais on pows treaned
with pileram and promerone i indicaive of their
etfecuiveness.

I elvis wely, suficient rainiall ocowrred after trear-
miei 1o feach the hoebiishes inta tie vl amd prevemt
Jarge fosses from volatilization and photosdecomgunition.
The highest conceniration of a iverbicide in the soil
podile was comvently foumd 2 the low rainfall Guanica
site. On the other hand. the lowes toncemritions of
herbicides occurred au the continually moint Luquille
site.

Persistence was related to the amount of herbicide
applicd, B the eliectivenes of & lerbicide on woody
Pants wars net redated 1o s persisencr, Fenae, the most
persisent epbicide, wis ingliecuive for defoliating woody
planty 2t all vest sites, Promctone was more pevsiseent
than was picloram e efleciively defolizied planiy only
at the Guanica site, Picloram cffecrively defoliated woody
plants ae ofl three cest sites,

Aldwgh a high degree of woody plant defoliavion
was obdained frone several o teaal vegetad
comerod way shorelived, Secomdary sacoewion  orcumed
within 18 montis on all defoliated plots au all tew slies.
CGravies, herliaccous plants, and vines penerally were
more numerows than were woomly iree stallings.

The amount of rzinfall and increased light peneeation
apgeared e jnlluence sweombary vwcevim mare than
dinl the horbicida]l teestmenn. Vhe nunler amd deasity
of surcessiona] wpeeies were greaess on the wet Luquillo
site amb smiallest ar the dry Guanica site. In general, the
wamber and demity of swcewional species were grearer
on plots than hack been defoliaed. This saggested that




increased light penciration was one of the major factors
influenci dary succession. ‘There did not appear
o be amy i herbicidal residue and in.
vading species. For example, several species such an
Psychotvig berteriang DC. were extremely susceptible
10 initis] application of hetbicides, but they were found
on all treated plots 18 months aleer applicadion.
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Petsistence of 2,4-D, 2,4,5-T, and Dicamba in Range Forage Grasses’

Mawesuss L, Mawrax, E. D Romsox, awd Rowenr £, Mevien?

Abwrset. Fhe herhigihes  2.4-dichlarophenoxyacetic aeid 24D,
2.4 5-rkchborophenossaetic aoil {24511 and !vumhouy-”m-
shlorobenric 3ok {(dicamba) rach Sabeterdl in the cavboxyl -
ron Wore 3Haed Dw 3 pntare consining of 3 mixture of wlver
Ixcamtgrarn l.&»-lwpo‘on sarcharolder Swaney, liuke bluesem (4.
wmﬁm Michx b, and dullivgtacs (Paspalam dilotatum Poir} and
] ts graing (Hoarelous e

win [Mlchn) Torr) pastuse
wier @ Joesr poiisd. Flaw pher were harvedled M dnteral

184 ppm l,g’hr alfrer wreamens o 3.0 aml 150 ppm,
respectively, 7 days afier treaunent,
The invesigation hercin was conducted 1o

determine the persivence of 24-D, 24.5-T, and dicamba

in fora ames, 10 compare the ce of
atuinengeml ariﬁtfosrrmuhﬁoas of 2!?.5-1‘. anmcmmm
the influence of rate of application on the persistence of

betworn | be aml 16 wocks aficr iveatraeat and ot
Wy radioasaw. No jmparcamt differences were found in che per-
sucnce of hertickdes or of Jillecenn Formudatiome of the G
Inrbicide. Rainfall was the mou imporiant facror infAuencin
ihe persistence of the heibicides. The fivtle Slucstem-siver beard -
rrdlallisgrass samphes Mariedad | ohe after treasmeny with the
cuntaingd both this cvey aml the
alter treagniey, ghe xid of 24T

yethtl cvter of 24.5T
F. Ot
mesabotites wore found but no eper.

agid of 24,
aml wekn

s o

varrv of herbaceous and woody plants are con-
A olled b 244lichloroplenoxyacetic acid 24Dy,
2.4, 54ric Morophenmgyacsic acid (24.5T), and 2meth.
oxy-S.0<ticlilwolenoic add (dicambay. Although the
phenoxy acids have been reginered and are wert for
1 on lands o 1 1o forage uction.
the substituted hensnic acids have resricted uspge on
these areas. Linbke direct evidence of the persistence of
these compaunds in (orage grasses has been published.
Glastonburt #f af, {3 spraved peas (Piswm sativum L.
var, Onwaxd) with the sodium sale of 4-(2-methyl4-chloro-
noxvibutric acid (MCPH) and foand that the half-
il of the rerained chemical was 3 davs, Guienmann
and Lisk (1) spraved dhe dicthylamine salt of 4{2:4-
dicitorophennxaibutyric acid (24N on a pasure con-
wining hivdsfont srebdl (Lot cornjrulatus L) and
timathy (Phfeusm pratense 1) and found a rapid de-
crease in berbicide conconeration in the forage afeer
rainfall. Concenmrations of 2.4DB in the forage jmme-
diarely afwer a||p!ic:lion of £.5 and 38 IbA rates were
about 70 and 160 ppm, respectively, but were 6.3% and
040 ppa. respectively, afrer 48 days.

King ot al. (5) spraved a Kentwcky bluegrass (Poq
pratenns 1) pasiure with cither the byl esier or ihe
2ethwthexyl ester of 24D and fowmd that mast of the
sl and abont 737 of the 2-evhylbexy] ester were
hydrolysed to ahe 26D acid within 15 hr alier spray.
ing. Total concenirations of 2,4-D residues from the
bueyt ancd Zechylhexy] cmers dropped from 58,4 and

ecclital for pablicaion November 2, 1960, Coap in-
voul rimnllhet‘;nﬁc" ch Dividom, Agricultural Research
Sl wedl Texan ARM Unisersity. o

n l & rimltllmc lege Scatlon, Tens: AMI:::; ll:I| -
St Rolling. blaiea. Livsatonk Feh Station, Tevar AN
Vniversies, Spur. Tewas: and Plant Phiologin,
Dividw, ARS. U © Depaniment of Agricultare.
Fexan, reiprttivel.

€ Research
nliege Saclon,

14D and 245T.

MATEREALS AXD METHODS

Fwo freld sives weve fenced for the siudy, One vas a1
Call Station, Texas, in a pasture in which silver
laear:!sg‘rass {Andropogun saechargides Sware), linle blue-
stenk (A, scopavivs Michx), and dallisgrass (Paspaium
dilatatum Poir) were the dominant species. The other
was at Spur, ‘Texas, in a pasure in which sideouts
grama {Bunfelous curtipendule [Michx.) Torm.) was the
dominant species. Different arcas were treated at cach
site cach vear.

Herbicides fabeled in e carboxyl position with car-

bon-14 were mined with technical grade herbicides in
the |;opnrliona IECEIALY 10 gfi\t the specified radicac-
tive Jevels as well as the apeoified raw of herbicide per
ucre. In atl exgdmemt. prays werc:;rpli«l at voluies
equivalent to 20 gpa with 2 compr wir ||pa'a , Two
replivations of cach wreatment were used. In 1962, the
plots were 2 Ly 18 [t and dhey were 2 by 12 Tt in 1963
and 1964,
In 1962, we applied bum"ethyl ester of 24.5T 2t
vates equivalent 10 1% and 2 thiA, S&l;an were applied
June 11 and Juone b a Spur a llege Station, e
specdively, which contail 5 ne of radioactivity per
plot. The carvier consisted of 7 parts water and™T part
diesel fuel (vfv).

In 1963, we ap?licd 240y and 24.5-T acids to the sil-
ver heardgrass-little bl dallisgras p June 14.
Each solutlon eonrained 50 ye of radisacuivity and sul:
ficient herbictide to provide 14 or 2 IbjA Tae. The
arner wag 1:5) ining 0.5, (v/v)
surfactand.

In 1964, we applied dimechylamine sal of 24-D, di-
nmhl; mine sali of dicamba, ‘and yriethylamine salt of
24,57 to the silver beardgrass-livtle bl Jallisgrasy
pasture fuly |. We applied both the amine amd arid
of 245T and dicamba to the sideoats grama pasiure

uly 7. The carrier was water conuining 0.39 (v?:) wr
actani® for amine salt formulations and acétone-water
(:0 vy For the acld of 245 T. Each solution con-

WILET (

tained 60 pc of radioactivity and suficlent herbicide o
pravide a rave of 1 IhfA.
. ined alkyl plyeols, free fany

Atk aml iaper 3 Py [



in al) n, we sampled the weated plos 1 b (0
week), 1,2, 4, and B m{: after ereatment. An adktitional
waupling was obtained on the fourteench and sixteenth

Jweeks in 1963 and 1964, rey lively.l \\'l: hnr\'cst;ﬂ
L0t subplots fvom cach main plot by clipping
gr:‘n pla:ll: a ) level, Thepili el zl::::swm
separated into those tissues uced during the cur-
remy vear, designaved green cisues, and chose wissues pro.
ducel during pwevious seasons, designated liner visues.
Partially decomposed plant gissues were gathered from
the soil sorface of the subplots and were added 1o the
linter wissues, Alver separation, che yamples wm;laccd

il:“‘\olyﬂh\'lme bags. sealed with rubber bands, weighed,

anil siored at —1¢ C. Samples harvested as Spur were
transporied w College Seanion in an ice chest for analysis.

The harvested samples were shredded, and a Hig
portion was homogenized in 3 blender with 0%, ethanol
and filtered. The homogenization was 1 until the
eacdivactivity of the eesishoe was lew than wwo ddmes
hackgronnd, The Ritrates were combined. reduced in
volume under vicunm v A rotary evaporatar, and
Liennght to volume in a 2%l valumetric Bk, Dupli.
vate 1ml of each ¢ d Alerate were dried
in T-in plunchess, weigleed, and the radioecuivity sssved
with a Ceeiger Miiticr tube, Counts were mnvened o
weight of herbicide from sandard corves with appro-
I{fi’“" rorvections for hackground and sclf-absorpiion.

he quantity of herbicide recovered on and in e for-

age was calculaied for each subplot and converved w
parts per iillion equivalents of fresh weight.

By 1962 amd E9435. identification amd charaoerirabon
ol dw radicactive compounds in e concenteated ctha.
oolic exiracts were made by dew ending chwnaiography
on Whawman No. ¥ Gher Har:n An wpropannlan-
weniam bodvoxidewaer (10101 v v iy deceloper was
usedd, Aleer develapment and drving, each cheomitopram
was scanned with an suoscimaer 1o determine the bocas
tion of radinactive wibntance or substances on the chro-

2 <l af the ever of 205T treat
ing sofutiens comaimed radivactive utoxvedn] ester
of 25T atml smnall anounts of acied. Idemificatinns

af the bmaxvethn] ester of 24.5-T, and acids of 24,57

and 4.0 were made by co-chromatography of the etha.

nolic extracts and standand solwtdons of dhwse composiads.

RESCLTS Axp DHsCUssies

Recovery af hevbicides from sprayed plots. The amount
of herbicide recovered from grass cissues. harvested [ hr
alter areasment, cadonbatedd s a peveeatage of Uk amonnt
applied, varied from ZE© (2007 green e amd 85,
litter tissweh vo ENQEL (430 wreen vissee and 8077 Jiter
tissue) (Tabie 1), In af but vwo plots, greater quatities of
the herbicides were reccm:redp from the green tisswes
than from the liver tissues. Alhough the silver beardgras-
little hluestemn.da¥isgrass stands were relatively uniform.
the plants and liter did not cover all of the plot areas,
fow Tecowery percentages were due o spatee nands
and the higher roenveries to dense plant amd [iver
cover,
fxpeviments in 1962, Figure 1A presents 2 samilogarich
mic graph of the concenivations ol g ever of 24057
i green tisoes of sheer Leardgiass, Tiode Blueies and
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allisgrass harvessed a0 five dates afier neatnent, The
lines bur the two rawce ave esseotixbly parallel, indicating
tiat the raw of disappearance was nar altecred by
1ate ol applivavion. Comcentrations of tw ester of 245T
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parery halflife of the ester of 25T (halblite equaly
avesage longih of time mecessary for onc-dall »f berhi.
cidak Tesidue o disar]}car} under the conditions of this
experinvent averaped $6 weeks. Concenrations of ener
ol 2457 in the green diswcs 8 weeks afier treatnent
weee 5 amd T ppem, respectively, ac the 2.0 and 03
1b "4 res.,

Figure 156 is a emidigarithmic plot of the ever of
2451 woncentrativie i the ey dksue of silve



Igrass, titde bl and dallisgrass. Disappearance
was mos rapid doring the sccond week afier wreatment,
The rate of disappearance in hiter tiswies was slower
Wian in the green tisswes. The apparemt half-dile of ester
of 2451 in the liteer visiues was about 4 weeks under
he conditiony of this cxperi Two (actors were im-
portant in the slower raie of disappearance. First, spwth
of the green tissues wonld have diluced the herbicide,
bt ihe litter samples were com of noncliving tis-
sues and grovah wa not & facor iR bowering the concen-
trations it these samples. Second, conditions for micro-
biab dmmmtinn of the herbicide were wnfavorable

due 1o the rainfall, - o b
Figure 2 g a ilogarithmic the a
rg': ester of 2,4.5-T concentrations inplt:c green nrﬁ

m:er tisswes ol sideoats grama, The ester of 45T dis-

appeared move vapidly ?tom sideoats grama than from
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Flg:r 3, Conttmzationt of 24-D and 24.5-T residoes fownd bn silver
g ase bivewesm-dallligrans

afen ireaiment Jund B4, 1965 2t 0.5 a
Soanton. (A} Geetw taucr, (M) ey timuct, Sodid vertheal limcs
wivich indicard val

indicase raindall eorutrod dueing dhe

after creatment.

ance was more rapid in mow of the plots than durin
the second week, During the fourth tgxongh the elgluﬁ
weeks after wreatment, only 0.08 in of rainfall occurred
and relasively small decreases in herbicide concentrations
were found. The 278 in of rainfalt which occurred
during the eighth through the fourtcenth weeks alier
treatment bly waa the primary lector resporaible
for the tapid raie of herbicide disappearance during
this incerval. The avel halfdife for 24D in

and Jitter tissics was 23 and 28 weeks, vespectively.
The a halllife of 24.5T in green and liver vs-
sues was 29 and 3.4 woeks, rospeciively,

Experimenis in 1964, Reviducs of amine salis of 24D,
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Figure 2, Concentrations of ester of 245 T residuce foumd bn side-
oatn e (isace harveticd an fve datce afepr wrearment June 1Y,
162, ar 05 amit 20 IbtA a0 Spur, (A) Groen simues, (N Baer
Jispwes, Solid vertical Tiney ipdicase rulnfall which octurred dur-
ing the imdicarcd fuscrval aficr preaiment.

silver heardgrass, littke bluestem, and dallisgras, More
rain [clt on the sidevats grama than on the slver beard:

ass, litthe bluestem, and ¢ dallisgrass, ‘The apparent half-
ifc of the berbicide averaged 1.6 weeks in the green
tises anch 1.7 weeks in the liver tissues. The amount
andl frequency of dhe rainfall were comducive 10 leach-
ing. mierobial decompesition of the herbivide, and
growth of sideoats grama {;Ianls. All of these factors con-
tributed to a rapid reduction in herbicide concentrations.
Fxperiment in 1963, The concentrations of 24D and
4 45T residues found in green and liver tiswees of
silver beardgrass, lintle bluesiem and dallisgrass har
vetred at six dates alter weatment June 18 are shown in
Figire 5. A 0.694n rain occurred during the first week
afier treatmens, and the concentrations of bods herbi-
cides in atd linter tissues decreased rapidly. No
rainfall occurred during the second week alier treatment
and the rare of berbicide disappearance was slower in
nvst of the plots than it was during the fru week, Dur-
ing the shird and fourth weeks after treatment, 1.58

2,4,5-T, and dicamba disa from silver beardgras,
litdle buesiem, and dallisgrass tissues at about the same
rawe (Figure 4). The apparent average halldife for each
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Satlom. (A)
timaes. Solid  ver ney
dusing whe indicated intervel alter ireatment.

of the three comnpounds in green tisswes was 2.0 weeks
vader the conditions which exisied during the experi-
ment. Because of Ileavkrainfall during the Bilteenth
week afcer [ lona of the threc

-+

in of rain occurred and the rate of herbicide di

he were T d to | or 2 ppm in the green
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tises, Conoentrations of the three herbicides deareased

rapidly in the Jivier tissues during the finst 3 woeks

after treasmens (Figure 4B) when frequeny rainfall kept

the wil and Heter tissues moist. The average halidives

of 240, 245-T, and dicamba in the Jiver tissues were

28, 2.7, and 2.6 l:wceb. respectively.
A relativel Y

¥ i e rate was found for
all three herbicides in the

and lister tissues of

tions of the herbickles were not found in ahe liter s
sues when o rainfall occurved. This is evidem in Figures
1B, 38, and 5B The ion 10 this Is found
in Figure 4B when 3 reduction in the comcentration of
the amitie of 24.3-T from 146 ppm to 75 ppin occurred
during the first week n!mtmmqm:u.
h ;;not surpriving o;h;t‘t .51‘
hositod A Jeaves as ester formuda-

hatl no €
Phenoxy herbicides de-

idheon i di o ited on the surfaces of pl :
sideones grama (Figure 8. This o tions m¢ hydrolyzed 1o the ackd in 2 velatively shon
peeiod of time {1, 2, 5} L
—EaT oy Hentification of herbicide sesidices. Attempts to inlentify
=AY st the radioaciive comy in ol k ! “"lwl's:{l
L L .
apcr cromawgraphy were only partdy succcwstul. A
B 'c’:l'f:.m from sih‘erLll’dgﬁls. lirtbe Iuestern, and dallis-
> g waw green tisues harvested | by after weatmem with
swer of 215 T canuained the applied herlicide and the
% "'i RIS B LI T S A i A g
- R - CITRUIIET L aniar
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nach

curred dunng a period of low rainda)), Ahthough con-
siderable variabil!ty occurred in the cone of

T
2451 and WU, o the unknown wetzbolites
The excracts of green tisues of sitvee beardgrass, linde

the thiree herbicides at cach sampling dace. all herbicides
had essenially the same rate of disappearance during
tive 16-weck duration of the experiment. Concentrz.
tions of the :s:l of 24.5T, amin«el 24.5T, and dicamba
wore 6, 5, and 4 , Tespectively, in ibe greem dissues
at the time of ﬁnmm ling 16 rmeb after reatment.

‘he concentrations of the herbicides in litter tis
sues of sidecats grama are shown in Figure 5B, The
acid of 24.5-T disappeared more slowly than the amine
of 2457 and dicatnba in Jitter tissues during weeks
2 40 4, bur alt three compounds were nt afier 8
weeks in approximatcly equal oncentrations.

Dawa indicare tha formulagion had no significim) ef-
fect upon the penisience of 2457 in the thsues of sil-
ver beardgras. livtle bluesiem, dallisgrass, and sidecats

ma. While there were minor differences in the rates of

isa;g:.rmoe ol the three herbicides applied ar Col-
lege Suation and Spur, their peristence in forage tissues
appears to be cssentially the same after several wecks.
he most imy factor influencing the peni
of vhese herbicides was rainfall, Both amount and fre.
quency of rainfall were imporani.

Even when rainfall did not occur, there was a gradual
reduction in the herbicide concentrations in the green
tisses, particularly if rainfall had ocourred prior 1o the
interval when herbicide concentration wi being mieas.
wred. Dilution of the herbicides by plant cth was
an imporant (actor during the intervals afier rainfalt
had accurred and soil moi was 34 for grawth
of the plants. Important reductions in the concentra.

1] amd dullisgrass darvested 1 be alfter ireavmeny
with acith of 2413 or acid of 24.5T yickled only the
achds of 24-D or 2457, Tissucs harveund) | week after
treatmient contained bl the acid and enknown megl.
alites. ‘The metahalites of 24,5-T had Ri valucs ranging
Irom Q.00 1o 0.30, and those of 2410 had B{ values
ranging from 407 o 0.25. .
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HERBICIDES IN Sors’®
T. J. SHEETS AND L. I. DARIELSON T
{Reproduced from ARS 20-9:170-181. Sept. 1080)

INTRODUCTION

Many herbicides are applled directly to the soil surface as selectlve pre-
enlergence sprays and as nonselective solt sterilants. Other chemicals are ap-
plied subsurface or are thoroughly mixed with the soil after surface application.
Residues remaining on leaves after follar applications are carried to the soil
in raluwater or fall to the soil when [mjured leaves absclse and fall, Therefore
at least part of all herbicidal sprays eventunlly reach the soll.

Boils vary greatly in composition and reactivity, Maay complex and ever-
changing processes oceur continuously in most soils. Solls are composed of
mineral matter, organic matter, water, and air. The wineral fractlon variex Iu
amounts of sand, silt, and clay, and In types and amounts of clay minerals.
Phe hydration and base saturation of the clay minerals also vary. The organic-
matter fraction conslsts of decaying plant and anlmal residues and active sofl
florn and faunn. The organic and wmineral colloids present in the sofl con-
tribute directly and indjrectly to the extremely active nature of soll systems

This mixture of miveral and organic matter Is permeated by pore spaces of
various sizes. Those spaces are filled with water and air In a more or less
reclprocal relation. The sgofl water containg many soluble compounds and setves
ad an essentfal medjum for many phrslcal and chemical processes. The sofl
atmosphere is composed of oXygen, carbon dioxide, nitrogen, and several minor
wmses. The compositlon of the soil atmospliere varles, particalarly the oxygen
and carbon dioxide contents. The complexity and variation of soll systems
make the study of the fate of herbicldes thereln compllcated and time con-
suming.

& METHODS OF ASSAYING HERDICIDE RESIDUES IN S0ILS

In most jnvestizatlons on the perzistence of herblelde in soils, researchers
determine the presence of the actlve entity of the herbicide by growing sensi-
tive plants. The influence of time on herbicidal residues bas been measured by
the growth of successive crops of test plants. This method, which las been used-
jw both field and greenhouse experiments, §x qualltative only.

Quantitative bioassays have been developed for sonie herbicides. Holstun and
Joomis (33) measured the elongafion of young shoots of germinnted millet
seeds to determine the coneentration of the sodima salt of 2,2-dichlorepropiotic
acld [dalaponr] In solls. Burschel and Freed (1I) used helphts and welghts
of seelling oats to determnine the concentrations of isopropyl N-phenslearbantate
(I'C), isopropyl N-(3-chlorophenyl) carbamate [CIPC], and 3:aminc-124-
trinzole [amitrole) In solls. Rahn and Baynard (45) used weight of cat seed-
1ings to assay quantitatively 8-{p-chlorophenyl)-1,1-dlmethyluren [monuron] In
solls. Biological assays developed for solutions and vapors of herbicides could
e adapted for use with solls 17, §6, 55).

Some herbicides have been extracted from soils and thelr concentratlons
determined by physical or cheinieal methods. Methods are available for mon-
uron, amitrole, CIPC, and pentachloroplienol [PCP) (20, I, 30, 62). Whiteside
amil Alexander (6f) followed the breakdown of several chlorinated phenoxy
aliphatic acid herbieldes in solutions inoculated with soll by the disappearance
of the specific ultraviolet absorption.

A physical or ehemical assay may be most suitable in one situation and a
Ijologleal assay in another. Both types of analyses are useful in some cases.
Rahn and Baynard (45) reporied that the chemical method for the determina.
tioit of mohuron in sofls was necurate if the assay was made within a few
weeks after application. If sofls were chemically nssayed more than 1 month
after treatment, values for monuron concentration were greater than those
ohtained by bionssay. Rahn and DBaynard (45) suggested that this appavent
dsagreement conld be explained since the chemical assay for monuron was
rased on p-chioroanaline, a nonphytotoxie, hydrolrtic product of monuron.

fon from the C R o}

1 htion fram rons Resear lon, 1 8.

:\q\:r;:::‘;? of Azriculture, and the N’Ima:? liﬂa?gul&ﬂflh?gdgﬁ%Q?ﬂ?;v lee, U5

1 Mant 1'berlologiste, Crops Research vizlon, AgricuMnral Rezearch Service, U.S,
swpartment of Agrlculture, Stfme\'me_f Misx., and Deltacilie, Md,, reapectively.
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FACTORS ALTERING HERBICIDES IK SOILS

Factors affectlng the movement and persistence of herbicides in solls have
beon reviewed by several workers (7, §, 25, 20, 32, 41, 43). Leaching, fixation
by soil ecolloids, chemical aud microbial decowposition, and volatillzatlon were
stressed in one or more of these papers. In this discussion microbial action,
volatilization, adsorption, leaching chemical reaction, photodecomposition, and
absorption by plants witl be considered for their slgnificance in the perform-
ance and fate of soll-applled herbleldes.

Microbial action.—Most organic herbicides subjected to approprinte tests
bave been inactivated wmore rapidly in soil wnder conditions favoring growth
and proliferation of soil microorganiams. Absorption by microorganisms Is one
of the major pathways by which organic herbicides are detoxifled. Derhaps
2-{2,4-dichierophenoxy) propionic acid [2-(24-DP) ], 2.4,5-trichlorophenoxyncetic
acld [2,4,6-T), 2-(24,5-trichlorophenoxy) propionic acid [silvex), and 4-{2,45-
triehlorophenoxy ) butyric aeid [4-(2,453-TDB)) are exceptions (¥, 67). Optimun
OX¥gen, moisture, temperature, and nutrients favor microbial activity and also
berbicidal detoxication. Numbers of soil nricroorganisms eapalile of inactivating
2. 4-dichlorophenoxy ncid [2.4D] apparently fucrease when 24-13 Is present in
the sofl (8, 42, 43, 61}. Thus repeat applications of 24-D were less persistent
fn soit and therefore may be less effective herbicldally than the Initial aplica-
tion. With the phenylureas and e-triazines such an increase in mierobial
activity apparently Qoes not occur, becnuse solls appear te exhibit about the
same eapacity for Inactivation for long periods. Therefore it seemns that with
the phengluress and the s-triazines the action of so0ll microorganisms utilize
them but not selectlvely or preferentinlly. Ancther explanation of this cffect
s that inpetivation of these chemieals is eatatyzed by heat-seusitive substances
occurring in the soll as products of wicrobial setivity and that the herblcldes
are not utilized directly by miercorgabnisms s energy sources.

Bacterla, Bacterium globiforme and Flaviobacterivm aquatile, which were
eapable of inactivating 2,4.D were Isolated from soil and grown In pure cul-
ture (&, 8, 36). Evans and Smith (27) isolated a small, Gram-negative, motlle
soll orgamism which grew fIreely in o mineral-salt medinm containing p-
chilorophenoxracetic acld as the only organle-carbon source. They sepnrnted
2.hydroxy-d-chlorophenoxyacetic acld and 4-chloroentechol frour the culture.
The same investigators isolated a Gram-uegative, motile rod which grew on
a mineral-salt, 2,4-D medivm. From this cutture they separated a phenolic acld
and presented evidence to suggest that the compound was G-hydroxy-2.4-
dichlorophenoxy-acetic acid. They hypothesized that hydroxylation of the ring
was followed by ring cleavage.

Whiteside and  Alexander {6f) presented evidence sugpesting that 4-(24.
diehloroplenoxy )butyric acid [4-(2,4-DB)] was converted to 2,4-D by micro-
organisms in the sofl and that a mifcroflorn eapable of quickly Inaetivating
both 24-1) and 4-(2,.4-DB) was present in soils whieh had received 4-(24-DR)
previously.

JHill, et al. (33) reported that a zoll Lacterlum of the Psendomonas group
wis cnmble of oxidizing monuron particularly fn the presence of yenst extract,

One group of herbicldes, the esters of chlorophenoxy alcohols, Lecoines hérbi-
cidally active only on contpct with the soil. In warm, melst soll sodium, 24.
dichlorophenoxyethyl sulfate {sesonel {5 hydrolrzed to 2d4.dichlorvophenoxy-
ethanol In the presetice of either microorganlsms or aelds (12, 13). The
hydrolysis by microorganisms was attributed to acids secreted during their
metgatlbollsm. The ethanol product is oxidized in the soil to 24-D, the active
entity.

In experiments conducted by the senior author, 2-chlore-4,8-bis(diethvlamino).
s-{rinzine [chlorazine] mixed In the soil Lecame more toxic to seedling oats
with time. This trend reversed after several mouths, the time depending on
the soil type and eoncentration, and thereafter the herbicidal activity of eul-
tures containivg chlorazine decreased with time. The Increase in toxicity could
not Le accounted for completely ns a response to growing condltions iu the
greenhouse. Autociaving the sofil prior te freatment retarded the rate of onset
of Increased toxicity, If one ethyl group was lost from either or both of the
amino substitutions, compounds much more toxic than chlorazlne would he
formed. Perhaps formation of one of these compounds did oecur in the soil.

The rates of tnactlvatlon of JPC, CIPC, and amitrele In the soil depended
on the initial concentration of the herbicides: and the inactivation of these
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hetbicides appeared to follow a frst-order reactlon (iI). The rate of dis-
appenrance of monuron from soll was proportional to the concentratlon (33).
Hill; et al. (33) concluded that although sofl molsture and temperature often
alttered the rates of inactivation of monvron and 3-(8,4-dichiorophenyl)-1,1-
dimethylurea {dluron), the firet-order equation was probably applicable under
usual fleld conditions. When monuren and diuron were applied at rates of 1
and 2 pounds per nere in more humid regions of the United States, major
parts of the berbicides were inactivated each year. Accumulation from appli-
cations on the sawe sofl 2 years In succession was pepligible. Rnbn and Bay-
nard (45) found that monuron applied at 3.6 pounds per zere in two applica-
tiong for 3 yenrs In succesglon did not persist from one year to the next, When
applied at 6.4 pounds per ncre, monuron toxieity persisted from one year to
the next, but ne accumalation occurred. Research eonducted in the arld South-
west during the last 5 years indicated that wonuron and divron did not
accutnulate signifleantly from successive annant applications at rates used for
soleetive weed control in cotton. Some carryover often occurred, and the
amount of carryover appeared to be related to weather conditions.

Current research indicates that the solvent used {n the applieation of an
herbiclde may have n profound infinence on the persistence of herbicidal
actlvity (18). Ethel N,N-di-n-propylihiolearbamate. [EPTC] was applied in
sovernl solvents and incorporated into the soll. At weekly intervals up to 6
weeks after treatment, the sofls were assayed by the used of oat plants as indi-
cators of toxlclty. When the commercial formulation of EI"I'C way applied in
water, growth of oat plants seeded 6 weeks after treatment were markedly
fnhibited on flats which recelved 1 and 2 Ibh./A. The persistence of technical
EPTC applied in acetone was comparable to that of the commercial formnlation
applied in water, However the mate of Inactlvation of technleal BEPTC applied
in keruxenc was mnch more ragdld than that of the commercial formulation
applied in wuater. Four weeks after treatment the 2 1b./A rate of techuical
LPTC applied in kerosene did not inbiblt growth of oats.

Persistence of several groups of herbicides In the sofl 1s related to halogena-
tion of the benzene ring. This reiation was demonstrated for certain chlorinated
phenoxyacetie nclds, carbamates, and phenylureas (21, 22, 23, 50). The results
of Alexander and Aleem (3) indicated that resistance of chlorinated phenoxy-
alkyl carboxlic acid herbleldes or their derivatives to microbinl degradation
was governed by the position of the halogen rather than by the number of
halogens on the ring and that the linkage of aliphatie slde chain also influenced
suseeptibility to microblal breakdown.

Volatitization.—All compounds are volatile to some degree. Volatility of some
herbicides i3 very low and of litle significance. However, measurable loss of
others ocenrs from soll surfaces by vaporizations,

The volatilities of fornulatlons of the same basie herbicide structure may be
sruite different. The isopropyl ester of 2,4-D is more volatile than the octadecyl
ester, which in tarn ix more volattle than the sodium salt {(39). Many other
estors and salts of 2,4-1 exhibit various rates of vaporization.

Vapors of soll-applied herbicider have caused severe injury to trented crop
pants In some instances. Vapors of 4,6-dinitro-o-seo-butyiphensl [DNBP] after
preemergence applications eansed extensive injury to cotton In the Mississippl
Delta in 1082 (25, 28, 34). DNBI* Injury was associated with high tempern-
tures. Hollingsworth and Fonis (3§) foomd that vapor injury to young cotton
plants incrensed as soi! molsture Inereased.

DNEBP {njury to cotton was reduced by application of lime and other basie
materlals to the treated soll surface (9, 19). Upon addition of a base, the
phenol-phennte equilibrium was probably shifted to the phenate, which 1s less
volatile than the phenol (9.

Volntilizatlon of the carbamntes has been related to thefr effectiveness as
preemergence herbicides. JPC and CIPC volatilized rapidly from tinfoll and
winss surfaces at high temperatures (4). IPC volatilized more rapldly than
¢IPC, particularly at temperatures of 60* to 85° F. The most velatlle ear-
tamites were found to be most phytotoxic (88); however, loss by volatility
following prectergence applieation reduced the concentration of the more
volatile compounds to nonherbicidal levels more rapidly than the less phyto-
toxte, less volatile compounds.

Many herbleides are tformulated or granular carriers to reduce loss by
volatility and lenching nfter applieation to the soil surface. The vapor and
contaet nctivities of CIPC-Impregnated granular carriers were investignted by

45-5302-—~T0—3
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Danifelson {(I7). The vapor activity of CIPC was related to the physical struc-
ture and adsorptive capacity of the granular carriers. When the physical strue-
ture of attapulgite grabules was changed by moistening with water, vapor
activity inereased. Carrlers that did not change In physical structure on con-
tact with water exhibited unchnnged or reduveed vapor activity. Danielson
proposed the use of impervious granular carriers to obtain immedlate short-
term aotivity of CIPC and more sdsorptive carriers for long-term actlvity.

Adsorption--The activity of most herblcides varies with soil composition.
Since many herbicldes are adsorbed by colloidal particles and since the
amounts of mineral and organic colloids vary among soils, much of the varia-
tion in herbicldal actlvity 13 attributed to differences in the adsorptive
capacity.

The adsorption of slx growth-regulator berbicides LY several lon-eXchiange
resins was demonstrated by Weaver (5%). Weaver (60) and Smith and Ennis
{§3) used activated charcoal as a soil amendment to protect germination seeds
from 24.D appilied to the roil zurface.

In a greenhouse experiment the inltinl toxieity of 2,4-1) was greater in sandy
soils than in most clar =oils (16). A butylester of 24-D was fixed in a clay-
sand mixture more stroogly than a tricthanciamine salt form (2). Both amine
and wolypropylene ester formulations of 2,4-D were adsorbed by montmoril-
lonite, {llite, and knolinite elays (221, The adsorption of 2,4-D) increased as the
cation-exchange capncity and specific surface jnereased,

CIPC was adsorbed by activated charcoal and certain other materinls (I7).
In inboratory and greenbowse experiments BEIPIC was adsorbed least by those
soils in which it was most phytotexic (J).

Sherburne and Freed (51 demonstrated adsorption of monuron by activated
charcoal, sawdust, straw, and sofl, The amount of monuron sdsorbed hy solls
was correlated with organic matter and elay content. Studies by Hill {32)
showed that the clay content, (ype of clay, and organic matter of soils infly.
enced the ameunt of monmron adsorbed, Adzorption inerepsod as elayr confent
or organic matter Increased. Approximately 150 ppan. wias regitived on g
bhentonite flay to give 1 ppuin. i the ol solution wherens less than 1 wpm
was required on a kaolinitic clay to give 1 p.pan. in solntion,

The herbicidat activity of the phenylureas was corvelatad fnversely with sofl
organic matter. total elay. and eation-exchange eapacity (47, 36). Multiple
regrassion analyses suggested that soll organic matter was most important
in toxicity reduction of monuron, diuron, 3-phentt-1, Ll-dimethyluren {fennron],
and 3-(3.4-dichlorophenyl }-l-anethyiurea [DMUYL

Variations in the effective dosage ranges nmong several sofls sufposted
greatest adsorption of diuron and DMU and least adsorption of moenuron apd
fenuron (47}, Coggins and Crafts (J5) showed that elay suspended. in solu.
tions ot the phenylures herbicldes reduced the toxicity to barley. The toxicity
of 1-n-butyi-3-(34-dichloroplhenyiy-l-methyluren {neburon] was altered most,
and alteration of toxicities of DMU, diuron, monuron, and fenuron followed.
In general, water solubdlity and adsorption were inversely related. 1n a recent
report Leopold, ¢t al, (37) demonstrated on inverse relation between solubllits
of several chlorinated phenoxyacetic aclds and thelr adsorption on c¢hareoal.

In an aqueons medivm 2-chloro-4,8-big (ethylamino)-s-trinzine {simazinel was
adsorbed to n cation exchanger aml to activated charcoal but not to an anion
exchanger (48). Soil toxicity tests with the s-trinzines suggoested considerable
variation in soll adsorption of these compounds. The effect of soil organie
matter, ciay content, cation-exchange capacity, and pH on the phytotoxicity of
simazine was investigated in detail. Soil organic moter appeared to alter the
initial toxielty of slwnzine In sofls moxt.

In soil systems adsorbed herbicides are probably gradually desorbed as leach.
fng, chemical and blological degradation, and absorption Ly plants reduce the

concentration in the sofl solution. Flowever, the adsorption-desorption relations
of herbleide molecules In sofls and the importance of these phenomena in the

movement of herbicldes in solis have not been adequately investignted.
Leaehing.—The movement of hetbicides In soils depends on or is Influenced
by several factors. Upehurch and Plerce (57, 53) indicated that at least twe
steps are involved in the movement of an herbicide downward in sofl: {n) Fn.
trance of the herbickle into solution and (b} adsorption of the herbMeide ta
=0il particles. Entrance into solution could oceur from solid particles of the

e
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herblicide or from colloidal particles with adsorbed herbicide molecules, These
two processes, solution and adsorption, may be affected by several variables.

The solubilltles of herbleides and of salts of herbicldes that may form in the
soil are fmportant properiies affecting leaching (82, 44, §3). Minarlk (§d) dis-
cussed the leachability of 2,4-I and its salts. He pointed out that the calclum,
magnesium, potussium, sodivm, and ammonium salts of 2,4-D are more soluble
in water than the geld, whereas salts of heavy metals such as iron and copper
are less soluble than the ackd, The equilibrium status of the scverzl forma of
24-D 1n the soil probably atfects the leaching rate of 24-D. However, Smith
and Ennis (53) did not measure a difference in the movement of the acld, the
triethanolamine sait, and the sodjum sait of 2,4-D in soils. Hill (32) conciuded
thint the lower water solubility of dluron compared to monuron resulted in
glower movement of diuron that monuron in seils. Diuron is adsorbed more
strongly thau monuron and differences In adsorption probably contribute te
differentinl lepching of these two compouuds.

An herbicide that is strongly fixed in soils should leach less readily than one
that is not so tenaclowsly fixed (2). The adsorptive capacity of soll 18 influ-
cuced by sofl orzanie matter and the amounts and types of ¢lay minerals. The
adeorption process is Jntluenced by temperature and the nature of the solvent.
The adsorptive characteristics of a compound ave influenced by pH of the
solution. Since these factors influence ndsorption. they must Infivence move-
ment of herbicides in solls. The organic matter coutent and soll texture are
known to inlluence lenching (20, 24, 25, 26, 32, 35, 44, 47, 52, 53, 58).

The lenchability of DNBI' appenared to be influenced by pH. Dowler, ef gl
(25) concluded that movement of DXRBI in soils wns as much & function of
soll type and soil renetion as of the amount of mninfall. In experfments Ly
Upchurch and Llerce (58) soll temperatures of 50° to 45° C, had little effect
on the monuron lenched from the upper 2-nch layer of sofl columns. However,
greater amounts of monuron were retained hy the 2- co 8-Inch layer at 25°, 35,

Cand 4370 than at 5° and 13° C,

Fhat the amount of rafufall or of water applied ax Irrigation Inflnences the
wovement of herbleides has heen demonstrated By many researely workers. Sher.
burne, et al. (32} compared the movement of monuron in soll columns to the
movement of compounds in chromatography and conciuded that the depth of
the highest concentration of the herbicide in =oll colmnns was a function of the
amount of water added to the soil surface. Upchureh and Plerce (57) studied
the effect of amount, intensity, and frequency of simulated raiufall on the
ienching of monuron. The greater the amount of simulated rain the greater
the movement of monuron. Raijnfall intensities of 1/16 to 4 inches per applica-
tion had littie infiuence on the amount of monuron retalned in the top 2-inch
Jayer. In the 2- to 8-inch zone greater accumnulation of monuron occured whh
low fntensities than with high. A greater movement of monurom from the
upper soll layers occurred as frequency of rainfall inereased. Approximately
half of the frequency effect was attributed to evaporation of water from the
surface of eoll columns that received less frequent applications, These workers
concluded that of the three variables studied, the amount of rainfall would
be most directly correlated with the distributlon of herblieides in soll profiles
umder feld conditions although they maintalned that intensity and frequener
might also be of practical importance. N

The effect of the amount of monurcn applied on the amount moved by simu.
Iated rainfall was also investlgated Ly Upchurch and Pierce (58). Monuron
was applied to surfaces of soil columns at rates of 0.5, 1, 2, 4, 8, 16, 22, G4,
128, and 256 1b./A, and the applications were followed by 4 inches of simw.
lated rainfall. The lowest percent retentlon (34 percent) in the 0- to 2-4nch
Inyer was found in columns treated with 32 lb./A. Retentlon by the 2-inch
layer was increasingly greater ag the rate fncreased and decreased from 32
Ib./A. These workers suggested that the incrensing percent retention when the
rate of application was inereased from 32 to 236 1b./A was attributable to the
Iow solublilty of monuron,

Iilczlﬁular slze may nlso be a factor in the movement of herbicides in soils
(13, ¥4}-

The exact pattern of movement of an herbicide in a partiewlar soil would
e fmpossible to predict presently. However, relative rates of movement can
he predicted for many herbicldes.

Chemicel reaction.—The formation of salts of 2,4-D and DNEP and a poss-
be reaction scheme for inactlvation of 24-D in sofls have been discussed.
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Relatively little iz known of the chemical reactions that most herbicldes
underdo tn solls. Hydrolysls, oxidution, and formation of complexes are known
regctions for certain herbicides.

Amitrole formms stable complexes with cobalt, copper, nlckel, iron, and
magnesinm. Sund (5§) suggested that complexing with metal ions in the soil
solution was one mechanism by which amitrole wax detoxified.

The 2-chioroacetamides, for example 2-chloro-N,N-dinllylacetnmide [CDAA],

can be hydrolyzed in the soll {(31). The chlorine atom and the amide linkage
are sites on the molecule where hydrolysis may occur. Regardless of the site
wtl;fre hydrolysis begins, the end products are glycolle acid and secondary
amines.
The dithiccarbamates, for examiple 2-chloroallyl diethyldithiocarhamate
[CDEC], can be broken down in the soil by oxldation and hydrolysis (31).
It hydrolysis of CDEC precedes oxidation, allyl alcohol is an Intermediate;
whereas if oxidation precedes hydrolysis, 2-{diethrldithiocarbamyl)acetlce neid
is an intermediate. The two renctions can occur separately or concurrently
in the soil. 1ind products of brenkdown are formic acid, glyeolic acld, earbon
disulfide, and secondary amines for Loth reaction pathways. The breakdown
vroduets may undergo further reaction in the soil.

Freed, ¢t al, (39) suggested that EPTC was hydroiyzed In water: and
according to the regction schemme which they proposed, a seconduary antlne,
ciarbon dlvxide, and ethrlimerenptan were end products,

Soll treated with 3,5-dimethylietrahydro-1,3.5.2 H-thiadiazine-2-thione [DMTT)
evolves formaldehyde, which Is thought to be the first produet of DMTT break-
down in the soil. {40). Methylaminomethyldithiocarbamate forms next and
activation cootinues by forming moucethylamine, methyl lsothiocyanate, and
hydrogen sulfide. Moncethylamine and hydrogen sulfide renct with formal-
dehyde and form methylnmineethanol, d{methrlaminomethane, and 1,85-
trithioeyclohexane. Eventuaily this reaction proceeds to carbon dioxide, am-
monig, sulfur dioxide, and water. The methyl tsothicernnate and water react
to give carbon dioxide, hydrogen snlflde, and methylamine; and the methsl-
amine degrades into carbon dioxide and ammonia.

Monuron is thought to be hydrolyzed slowly in the soil to p-chloroamiline (45).

In the presence of moisture tris-(24-dichlorophenoxyethyl)phosphite {24-
DEP] i3 slowly hydrolyzed step-wise to form one mole of phosphorous acld
and three moles of 2,4-dichlorophenoxyethanol {28).

The reactions which herbicides and agricultoral pesticides in general undergo
in sofls and the produets formed are important with respect to residues In soils.
Weed research sclentists shonld emphasize this phase of herbicide researeh,

Photodecomposition—~Less is known about the direct effect of light on the
hreakdown of herbicides than other factors suspected of being involved. How-
ever, pliotodecomposition of monuron was demonstrated by Hill, et al. (33).
When & solution containtng 88.3 p.p.m. of monttron sealed in quartz tubes was
exposed for 48 days to sunlight, an 83-percent loss of monuron occurred. Hill,
et al. (33) concluded that in dry areas of the Western United States monuron
may be inactivated by ultravlolet irradiation. They suggested thal this factor
would account for disappearance of only a small part of the herbicide In
humid reglons where frequent rains move it into sofls.

Neburon, dinron, monuron, fenuron, and DMU were applied as aleohol solu-
tions to filter paper {I4§). After the paper dried, it was exposed to ultraviolet
light for xeveral hours, The herbieides were not visible prior to exposure, hut
in white light ther were readily visible after exposure as light tan spots. The
compounids were apparently changed during exposure.

The vffects of shade, moisture, and position in the sofl on the residual activ-
ity of monuron, diuron, and simazine were investigated in cooperation with
the California Agricultural Experiment Station. The activity of monuron and
diuron disappeared more rapldly from soil exposed to the sun from shaded -
soil, The activity of monuron and simazine disappeared more rapidly from
moist so0ll than from dry seofl. Monuron, dluron, and simazine were not affected
to the same degree by these variables. Soll temperature was measored bt not
controlled in this experiment, and soil temperatures varied considerably among
the treatments during the day. Temperature markedly influences vapor pres.
sure and chewnleal reactions. Therefore the difference Io the rate of disappear-
ance In shaded sol! and soll exposed to the sun cannot be attributed ungues.
tionably to light inactivation.
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Absorption by plants—THerbicides are absorbed by plant roots and are
usually translocated to the aerinl parts. Within the plant the herbicide mole-
cules are subjected to various physical and chemlea! processes. Crop plants may
be removed from the land or they may be returned to the sofl along with weed
growth, Most plant roots remein ju the soll, Therefore & portion of herbicides
absorbed by plants and the metabolic products of herbicldes in plant tlssues
ny eventually be retorned to the soil.

It bag been stressed previously that soils reduce the initlal effectlveness of
herbicldes and tbat the degree of effect varled nmong soil types and herbleides.
Unpublished data showed that at least four times as much simazine was re-
quired in a4 clay loam soil as In solution culture to produce the same welght
reductions of seedling oata, In another experiment the dry-welght increase of
ont tops following simazine treatment through the roots was reduced 50 petr-
cent by 7.2 mg of the herbieide (CY expressed ns simazine) per gram of dry
tirsue at harvest 9 days after Initial exposure (§8). The amount of simazine
(C* expressed ng simazine) required in seedling oat plants to reduce plant
welght was less than 2 percent of that present in 400 ml of the 0.05 p.p.in. by
weight enlture solution initially. Although the conditions of this experiment
were markedly different from those which oceur In the fleld, plants probably
absorh only a small fraction of the total amount of an herblelde applied to the

xoil.
CONCLUSIONS

Although eonkiderable progress has lwen made, much additional information
fs peeded on the fate of herbicides In soit Weed research sctentiste need to
know more about the persistence of herbicides In soils under varying environ-
mental conditions so that they can estallish safe rotational practices. Mam-
malian toxicity of some soll degradation products showld be determined, be-
cause these produetr can flso be absorhed by plants. Information on adsorption-
desorptton relationships: on the Interrelstlonships of adsorption, volatility,
solallity, anl leaching of berbicides; on the nature and extent of mlerobial
and elwanienl inactivation; on the finportance of photodecomposition; and on
the influence of varions environmeuntal factors on these processes {8 essential
to an nhderstanding of the behavior of herbleides In sofls.

Weed selentlsts shonld determipe the component or components of the sofl
from which dosage requirements of sofl-applied herbicides can bLe predicted.
Some of thiz information is available (48, 56), but more 15 necessary. Even-
taally speelfic recommendations of rates, tines, and methods of application of
herbicldes may be bnsed on weather forecasts and analyses of soll samples
from farmers’ fields (25). ..

One of the most urgent needs for rescarch on the fate of herbichles in solls
is methods of {solntion and identification of herbicides and breakdown praduets.
Riologleal and chemical assays must be improved and new ones derived. Radlo-
active lentopes have heenr used very little to study the decomposition of sofl-
applied herbicides. Sofl samples eould hie treated with different lots of an
herbieide with each lot togred with C" at different positions in the molecule,
By known analytical teehniques the unchanged herbiclde and many reaction
praducts could be separated and identifled. Radioisotopes should be most useful
tools in future research of this nature,

As new herbicldes are developed, their behavior in soils In response to vari-
able soll characteristics, weather conditions, and eunltural practices must be
Investlmited conenrrently with some of the more fundamental aspects prior to
recommendations for use by farmers, ’
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Senn?tor Harr. Do you have any comparable information ahout
dioxin

Dr. Bayrey. The answer at this point is no.

Senstor Hart. Are any tests being run? .

Dr. Baxrey. Not yet. Oune of the problems we had here is develop-
ing the methodology for testing these in products. As soon as this is
settled, we will be able to expand our efforts and find this informa-
tion.

Senator TLarr. And you hope yvou will find that it has not been
building up in onr bodies every day?

Dr. BavcLer. We sincerely do yes, sir. But that will not bias our
results, I assure you,

Senator Harr. Perhaps Dr. Byerly mi?ht help us with this. I am
told by my notes here that dioxins are chlorinated hydrocarbons and
that these tend to be stable, and more significantly, in view of the
fact that other dioxins are known to be absorbed and retained in the
tissue of animals, isn’t it likely that there is a build-up in the human
of the dioxins found in 2.4,5¢

Dr, ByerLy. I will give you an opinion first. You stated since they
are chlorinated hydrocarbons, they therefore would be persistent,
This does not necessarily follow. There s o very wide range from
almost complete persistence. if yvou like. long-time persistence. to a
very short-time persistence on the part of some other chlorinated
hydrocarbons.

With respect to these which are in the family of chlorinated

hydrocarbons. of which 24.5-T is a member, the time of disappear-
ance substantiated by empirical evidence. it is a matter of a few
months. With respect to the dioxins themselves, Dr. Bayle
answered vou quite frankly, we do not have the information, We
will seek it when the methods are complete. :
“ Senator Harr. In your report you state that you agree that more
rigorous tests on teratogenicity should be imposed before registra-
tion. If you favor such test as a requirement for registration, isn't
there an inconsistency in allowing 2.4.5-T. which is a pesticide with
suspected teratogenicity to be allowed to continue in a vegistered
status pending the ontcome of the tests? In other words, should you
pc;t deregister it now and then if the tests prove negative, register
A

Dr. Baviey, The basis on which we wonld take such action would
have fo be on the consideration that we believe a hazard now exists,
Based on the information which has been ,pmvidcd to us from the
Department of Health. Education, and Welfare, and on our own
analyses of the levels of the contaminent we do not believe such a
hazard exists at this time.
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Senator Harr, You cito the content of four lots of 3,45-T in terms
of the content of, as you put it, TCDD. How many more producers
of that product are theve?! .

Dr. Byerey, There are only three primary producers, sir. There
are many formulators, .

Senator ILaxr. Is a formulator engaged in a process which
changes the generic business? _

Dr. Byerv. No.

Senntor Harr, Almost the total of production jis from three
sources, right ¢

Dr. Byzriy, Primary production, I understand the check has been
made and the importation is very smali.

Senator Harr. After you have registered the product, how fre-
ventiy do you check 11}) on the amounts of dioxins in the products
that are being produced '

Dr. Baviey. Mr. Chaivman, one of the requests which we are
making of the Congress this year is to strengthen our law so that we
can have plant inspection and insist on quality control within these
particnlar plants. We have asked the Congress to help strengthen
our activity in this area. It is not adequate at the present time. We
very definitely need legislation to improve it. :

Senator Hanr, Is that sort of a way to say that you do not check
the dioxins?

Dr. Bayvey. This is the first time. One of the reasons, of course, is
that the methodology has only been newly developed. The results
presented here were developed through check procedures with our
laboratories, the Food and Drug Administration, and the industry

rroup to see that onr methodology was technically correct. So we ore
just getting started. -

Senator Harr. You will include in your budget request moneys to
provide what? :

Dr. Baviey. The Dresident’s budget includes an increase of
approximately $2.4 million for the pesticide regulatory division.
This is between 50-and 100-percent increase in the funding. for that
organization, .

Senator Harr. Do you believe that with that sum yon would be in
a position to have plant inspections on & regular basis¢ Would you be
al)?g to have an enforcement staff which would be able to move in
the event n violation was discovered? Is this the sort of thing that
von visnalize?

Dr. Baviey. Yes, We based that estimate in our budget request on
what we currently thonght was necessary to do this.

Now, we all recognize that the problems of concern about chemi-
eals are expanding, and I would not want to suggest that is the final
request that we would make in order to improve our operations. We
put those in believing they currently were adequate from the stand-
point of the enforcement and registration proa:f{ures.

Senator Harr, Is the table which shows the amount of dioxin of
this particular type—is there a test and do you have facility and
personnel to attempt to identify the existence of any of the other
soven possible dioxins ¢

Dr. Byerry. This, sir, is in the process of development in coopera-
tion with the Department of Health, Education, and Welfare and
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industry. These methods are in the c}n'c«:oss; of development, For
some of them the methods are quite adequate; for others, the meth-
ods have to be developed.

Senator Hart. For some you fecl you can?

Dr. Breruy. Yes, sir.

Senator I{arT. In that case you do,

Dr. Byeruy, We will,

Senator Harr. Hinged on the money problem

Dr. ByerLy. No, it depends primarily on the development of the
competence of personnel. This is the thing that has to grow. We
have to have a cadre of people who are highly competent. These are
most sensitive metheds and we cannot just create people who can
handle them overnight.

Senator Hart. In the testimony of the first two witnesses, and I
do not recall whether it was that of Mr. Weliford or Mr. Turner, it
is my impression there was a reference to a chick embryo study. Do
you recall the comment they made?

Dy. Byeauy, My, Chairman, I do not recall the specific comment.
There is a chick embryo test. It is highly sensitive. T would point
out that it has, as a screening test, possibilitics. Again, its sensitivity
would make me want to suggest that we be very careful with respect
into whose hands the tests were pnt,

With respect to the teratogenicity, with respect to the chick
embryo. the application in this test is hardly like the application
either to the skin or in the food of a mammal. So a direct compari-
son of the effects in the chick cmbryo with rats and mice, the tradi-
tional oncs, would require a great deel of review.

Dr. Baviey. Tt would really require a correlated study to aseer-
tain the relationship,

Dr. Byrriy. It would indeed.

Senator Harr. I think just from what we have heard this
morning. evervone on this subcommittee will be eager to assist vou
in ohtaining the additional moneys, whether it is 2.4 million oy more
to insure the development just as rapidly as possible of the technical
d}ilta on which to base tests and the human hands to administer
them,

Tet me get into this burden of proof again—we sort of dismissed
it-—very briefly, k

The basie conclusion of yonr testimony is you have not fonnd that
registered uses of 24.5-T without a finite tolerance on food crops
constitutes a hazard requiring cancellation or suspension of such
reristered use,

Dr. Bayrey. That is correct.

Senator Farr. And vet this morning we have heard testimony
that preliminary tests suggest that 245-T when contaminated by
dioxin comparable to that found in currently produced 24.5-T is
teratogenic in three species: that the Mrak Commission or a panel
advisory to it said that the teratogenic effects in one or more such
species should be gronnds for immediate restriction of pesticide use:
that residues of 2.4.3-T are now found on approximatelv one out of
every 200 food samples analvzed by FDA: that we can’t be sure of
the amounts of tetrndioxin in 2.4.5-T now being sold, nor do we
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have as yet clear ideas on the amount of other dioxins in the pesti-
cide, some of which may be more potent than tetra; that no evidence
suggests that these dioxins are not persistent or cumuletive in
humen tissue, and that some evidence which would indicate perhaps
th'iy are. o ,

f I}Irou accept that as o premise, in view of all of this, would you
say that you are sure that registration of 2,45-T for use directly on
food crops does not constitute a hazard to man?

Dr. Barrey. I would say that the information we have does not
give us indication that it is a hazard to man in accordance with the
registered uses, .

% think we have to recognize that——and I am sure the committee
and we gre in agreement—these are all economic poisons, and the
purpose of registration is to provide for their use in such a way that
they are not a hazard, That is the basis on which we make our judg-
ment. '

Sel}(tlxt?or Harr, Your position is that they do not constitute a
hazax

Dr, Bavier. Yes, sit. And our position is based not only on our
own data but that provided to us from the medical authorities of the
Department of IHealth, Education, and Welfare, and to add. 20
vears of safe nse,

" Senator Harr, The first two witnesses described the difficulty of
finding the brand name on a deformed infant.

There ave lots of birth defects. ¥low can anyone say over 20 years
that this has not been a fuctor in some of these private tragedies.

Dr. Bayrey. I do not in any way want to be facetious, but I think
we have to recognize that one of the compounds closely related to
this contaminant is lysol, a rather common houschold disinfectant,
and I hear no suggestion that we take this off the market. We in the
Department of Agriculture recognize that there is a large group of
chlorophenols that we are going to have to exanmine to find out
whether there is a real hazard or not. I am not here to raise a scare,
hut I think we recognize that in dealing with these compounds we
must have evidence that they are a hazard or we will be dealing
with emotional conjecture based on inference from various scattered
data.

Senator Hanr. To make clear what is meant, what is your position
with respect to ysol?

Dr. Bavrey. We have no reason to take action at this time,

Senator Harr, Do vou have in process studies or evaluations to see
whether you modify that?

Dr. Bayrey. Within our capability, for example, we have already
moved out to ascertain the dioxin content of 17 other pesticides in
this avea, and we recoghize that this is a field in which we want to
malke intensive studv.

I do not single out this particular product as one which I would
eonsider as more hazardous than any of the rest, but merely as an
example of the total problem that we have in meeting these pesticide
isanes.

It scerns to me that from the standpoint of protecting the pnblic
health, the important thing for us te do is to taEe those which, based



70

on scientific data appear to have the greatest potential hazard and

put otir resources on evaluating these as we go ahead.

~ This is true of the mercurials. We are looking very closely at all
of these compounds. I think we must recognize t%m,t we fre going to

have to do this on a priority basis as we go. We are giving attention
to 2.4,5-T, but we need to have the appropriate facts as we proceed.

" Mr. Brexwit. I think what has come out here is that really it all

boils down to a question of burden of proof.

While you say there is no evidence that 2,4,5-T is hazardous, I would
have to dispute that. Assuming that you are right, that there is no
evidence that it is hazardous. and yet it cannot be shown that it is not
hazardous; en what do you bage your inaction?

Dr. Bavrey. Let's recopnize first of all that these are economic
poisons. We should all agree to that to start with. And when I use
the word “hazardous™ I use it in terms of sufficiently hazardous to
take nction. This is bound to be a judgment based on scientific—
including medieal scientific data. If there is a disagrecment between
us. then it is in this judgment, not in anvthing else.

Mr. Brexwrr, I recognize my inability to make adegqunate scientific
judgments and. ns a rvesult. defer to those who I regard are capable
of making such jndgments,

The panel which reported to the Mrak Commission has recom-
mended whenever feratogenic effects of a given pesticide are shown
in one or more mammalian species. that immediate steps should be
taken to restrict the use of that pesticide,

Are yon rejecting that adviee?

Dr. Baviey. No. The use of this pesticide is already restricted
because of the registered uses.

Mr. Biegwrr. I suspect that the thrust of their statement would
require that it he furtf:e_r restricted but perhaps we would have some
difficulty pursning what the exact intention of their statement was.

You say that you must believe that a hazard exists before youn can
take a pesticide off the market and that in the case of 2,4,5-T you do
not believe that a hazard exists,

Dr. Bavrey., We do not believe that a hazard exists which would
authorize us to take it off the marlket. ves.

AMr. Brerwir. Ave yon sure that & hazavd does not exist?

Dr. Bayrey. One can never be absolutely sure that a hazard does
not exist. even if we are talking about table salt.

In fact, we know that table salt is hazardous if taken improperly,
and we don’t even register it,

Mr, Brerwrr, There is a distinction from table salt in this case,
and that is that there has been evidence that suggests. and to my
mind rather strongly suggests, that there is a hazard here,

Dr. Bavrey. I do not see the difference that vou are trving to
point out.

Mr. Bicrwir. You do not think that the studies that have been
done by FDA. by NIEHS, although preliminary, establish that
there is any greater hazard than the hazard of table salt?

Dr. Baveey. No; I did not say that.

Mr. Bicgwrr. T misunderstood you.

Dr. Bareev. I did not say that. But agein I come back to the
point that we are dealing with economic poisons. There are hazards
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in the use of all of them. The decision that has to be mede is are the
liazards sufficiently great to take action at this particular time. That
is the difterence.

Mr. Bickwit. You do say issues involving human health should
lhave priority over all other issues.

Dr. Barrey, Yes, sir.

Mr. Biegwrr, What I am not clear on is whether you have to
actively believe there is a hazard before you take a pesticide off the
market.

Is that a legal requirement ?

Dr. Bavrey, I don’t know what yon mean by actively believe,

Mr. Brexwir., I conceive of relative states of mind as being belief,
state of suspension, and state of disbelief.

Do you thlink yon have to be on the belief side of state of suspen-
sion in order to take & pesticide off the market?

If you are in a state of suspension, would that awthorize you
legally to take it off the market ¢

%)r. Baviey. The information provided to us has not shown that
there is sufficient hazard for us to take action, and the information
wovided to us from the Department of Health, Education, and
\Velfare is the information primarily that we have used.

Mr. Bierwrr. And you do not feel that if you are not sure one
way or?t-he other that that wonld authorize you te take it off the
market ?

Dr. Bavery. The data that we have at this time are not adequate
to show us that there is a hazard. and the data to the contrary are
sufliciently adequate to suggest that there is no hazard as 24,5-T
is presently registered.

Mr. Brexwrr, T guess what it all does boil down to are two differ~
ences between us: one, in evaluation of the evidence—— .

Dr. Baveey. Yes, sir; and these types of judgments are inherent
to the decisions being made.

Mr, Brckwir. (continuing). And, two, differences in feelings about
burden of proof?

Dr. Bavier. And we believe that the relationships between the
departments have been fully utilized in working out this type of a
basis of position.

Mr. Bicrwit. At Jeast we have emphasized what the differences
are,

Senator Baker earlier asked whether any studies have been rm to
weigh the benefits of poisons as against the detriments.

IHave any actually been ran#

Dr. Bavrey. Are you talking about specific compounds or ahout all
of them?

Mr. Bierwrr, All of them.

Dr. Baveey. Are there any data on it. Dr. Byerly?

Dr. Byrriy. There is one study done by Velmar Davis,

Whether it would be sus})cn('led without the suspension of other
phenoxy herbicides or whether only it would be suspended makes a
substantial diflerence,

If all of them were suspended. it might amount to more than $100
million of added cost, Tf othier phenaxvs remained available to us, it
would only he a feaction of that amount,
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Let me emphasize that this kind of study is very treacherons in
drawing any conclusion at all, because if you make a substantial dif-
ference in the amount produced or the quality produced, that which
remains may sell at & higher price, and this again brings in & matter
of value judgments. ]

What we can say, I think, with respect to all herbicides and «ll
pesticides in general, is that if we had to do without them and had
available the hoes and the people to do the hoeing and the other
things to produce onr same crop, you would add s cost of produc-
tion of more than $2 billion a year.

Let me emphasize, however, that our primary concern is not the
economic cost in the pggregate,

Important as this may be, our primary concern, as Mr. Bayley has
said, is that we shall control pests and we shall do it safely and
without hazard to human health or the public welfare.

Mr. Bickwit. We have emphasized that we have some differences
in evaluation of the evidence. I am trying to discern what cvidence
would convince you that this pesticide was in fact hazardous.

The one thing that you have said about what would convince you
is that you specify that should the teratogenic nature of 2,4,5-T be
confirmed, registration for use on food crops will be canceled.

My understanding, correct me if I am wrong, is that the four
studies cited earlier; although all preliminary, demonstrate that
2.4.5-T is teratogenic.

Dr. Brerey. We do not accept that statement.

Mr, BrcgwiT. In what way do you not accept it?

Dr. Byzroy. I think the statement that Dr. Bayley read is correct,
that all of the evidence known to me is compatible with the hy-
pothesis that these results were due to contaminant dioxin or the
mteraction of that dioxin and 2,4.5-T.

Mr. Bicewrr. The evidence which I have read shows that 2,4,5-T
when contaminated with dioxin in amounts similar to or less than
those in currently produced 2,4,5-T does produce teratogenic effects.

Now, I am on the basis of that evidence, unwilling to say it is
because of the dioxin or the 2,4,5-T or the relationship between the
two. Are you?

Dr. Byerey, I believe that our previous dialogue indicated that
these are preliminary results, so preliminary, sir, that I have not
seen the published figures nor have I seen all of the figures to which
you allude in the record.

Mr, Brorwrr. I agree they are preliminavy. What I am asking
vou is if they are confirmed, will you deregister 2.5-T for use on
food products?

Dr. Byercy. This depends upon the dosage at which they are
effective.

Mr. Bickwrr. You will have to modify your statement then.

Dr. Byerey. In what way?

Mr. Bicewrr. Well, vou have said that should the teratogenic
nature of 2,.4.5-T be confirmed, vou would deregister the pesticide.

Dr. Brerey. I do not modify the statement. T said if 2.4.5-T.

Mr. Birgwrr. What does it matter whether pure 2.4.5-T iz rerato-
gerie i there '3 no such poodasr az prize 24T an the marker? |
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assumed that by your reference to “2,4,5-T,” you meant pure 24,5-T
as enrrently produced on the market.

Dr, Baxier. I think you ought to recognize that he was answering
your question precisely.

* Dr. Byesrr. I belheve good manufacturing practice can restrict
the amount of contaminant dioxin in the prodcilct. I believe it should
be done: I helieve it is now heing done and that it will be done.

Mr. Bickwrr. Then, I take it that your statement was not in ref-
erence to the teratogenic natnre of 2,4,5-T when contaminated with
any dioxin whatsoever?

Dr. Bavrey. No.

Mr. Biexwrr. Have we ever produced 2,4.5-1T without any dioxin
whatsoever?

Dr. Byerry, This is not a statement that can be answered abso-
lutely. but it can be angwered within the limits of the method in Dr.
Bayvleys statement. It indicates there was one in which there was no
detectable amount of dioxin.

Mr. Bicgwrer, Would you be willing to say that if the teratogenic
nature of 24.5-T with the amount of ﬁioxin that is contained in cur-
rently produced 24.5-T is found to be teratogenic that you would
deregister it for food use?

Dr. Byerey. I would be willing to say, sir, if the 24,5-T with no
detectable amomnt of dioxin, of tetrachlorodibenzo paradioxin,
would prove to be teratogenic, I would recommend to the Depart-
ment that actions to cancel uses on food crops be taken.

Mr. Bickwrr, Yet, what is really relevant here is the effect of cur-
rently produced 2,4,5-T. Why then are you basing your decision on
the]ei;ects of 24,5-T in a form that we do not know it commer-
cinlly

Dr, Byerey. I think you are misconstruing my reply. Again,

nding the fact that neither you nor I have befors us published

gures which would sustain your statement that all four of -these
thiings do in fact show teratogi;a;ic cffects, if we aoce%t what you sa
may be true, but it has not been published nor publicly dlSOlOSe(i,
then let me say further that so far as I know, the dosage at the cur-
rent level of 150 milligrams per kilo is equivalent to the amount of
the dioxin therein contained at one part per million which would be
expected to give a teratogenic effect if there were no 2,4,5-T present,
and 150 milligrams per kilo is astronomically higher than any
amount to which any person would normally be exposed in the
normal course of nsage.

Mr. Biokwirr. How long is the usage to which you refer?

Dr. Byerey. I did not make a limit.

Mr, Brexwrr. In one’s lifetime

Dr. Byeroy. In 2 lifetime.

Mr. Bicgwit. You are willing to say this is more dioxin than one
is likely to be exposed to in his entire lifetime?

Dr. Byeruy. Thet is my opinion.

Mr. Briegwrr. You will have to admit it is not based on much,

Dr. Brerry, You are forcing me into the realm of conjecture and
I do not choose to go into that very far. We do not have the empiri-
cal evidence on wluch to state whether or not it is degradable, We
have no ¢vidence, sir, that it is not degradable.
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_ Mr. Bicwrr. ITere we are again; we do not know whether it is or
18 hot,

Dr. Byerey, We intend to find out.

Dr. Baviey. Mr. Chairman, this dialogue is the same type of dia-
logue that we have with industry people who come in and want to
know exactly what evidence we have to have in order to assure them
that they have provided us with suflicient proof. These judgments
arc not so simple that you can conjecture ahead of time of seemg the
data exactly what position you are going to tnke. It is characteristic
of them: it is inherent to them. An?lol suggest this is characteristic
not only when we are dealing with industry but when we are also
concerned about the public health.

Senator ILirr., Gentlemen. did you have anything you would like

to add?
Dr. Bavier. We do not, sir. We would be glad to enclose the addi-

tional statements for the record that we have disenssed.

Senator Harr, Thank vou very much.

I had hoped we could continue through the lunch hour, but T am
stuck with a Policy Committee lunch,

(‘The statement follows:)

STATEMENT 5Y NEp D. BATLEY, DIRECTOR OF SCIENCE AXD EpUcATION,
U.8, DEPARTMEXT OF AGRICULTURE

Mr. CHamMAN: I am Ned Barley, Director of Science and Edueation, Ofice
of the Sceretary, USDA. I have with me 7. C. Byerly, Assistant Director of
Relenes and Edueation,

We are plensed to be here to comment on the current state of knowledge
with respect to the herticlde 24.5-T. We will be glad to respond to questions
relevant to 1ts usage ns fully as information available to us ennbles us to do

SO

The herblcide 2,4,5-T has been recognized n the most effective herblcide reg-
istered for use for control of certain weeds and brush species for more than 20
years. About four-fifths of the domestic use of 24.5.-T is for nonfarm use, the
largest such use being for control of brush on rights-of-way. It Is also uszed
extensively to control brush on forest lands and certnin weeds in tuef. 24,5-T
has been used In the production of fruit erops, cereal grains, and sugareane. It
is the most cffective herbicide for controt of brush on several milllon aeres of
rangeland in the Southwestern United States.

2.4.5-T is degraded in the enviromment within a few months after applieation
s0 that residues do uot persist from one season to the next. Residues on foods
are anusninl. Among 8300 foed samides analrzed by FDA for 2.4,6-T during the
past four venrs, 25 were reported to contain trace amounts: f.e, amounts less
than the 0.1 ppm limit of asccuracy of present anunlytieal procedures for foody,
Two samples showed restdues of 0.10 ppm and 0.2% ppm, respoectively,

No finite tolerance has been establlshed for 2,4,5<T in food. In the absence of
such tolerances, any detectable amount of 24.5.T in food would make such
food subjeet to seizare if found in the channels of interstate commerce. From
the data cited above, 1t is apparent that contamination of food with 2,4,5-T s
very infrequent amd then ouly at very low levels.

There iz current concern over the continued use of 2.4.5.T arising from the
report of A research study completed under contract by the Natioual Cancer
Tustitute by Bioneties Ine. Thiz study was based on a commerecinl lot of 2,457
weptined for the study i 1905, 1t was fod to pregnant midee and eat2 Many of
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1970, unless by that time the Food and Drug Adminlstration has found a basis
for estabiishing a safe legal tolerunce in nnd on foods”

USDA was informed in January that the lot of 2,4,5-T used in the Blonetica
study contained signifleant amoeunts of a highly toxic contaminant, tetrachloro-
dibenzo paradioxin. The Depurtment wax further informed that loty of 2.4.5-T
of current and recent manufacture were reporied to contain less than 1 ppm
of this eontuminant in contrast to the 27 ppm reported for the lot used in the
Bioneticy study.

Bxtensive studles are under way to determine whether 24,5-T {5 itzelf terato-
genfe. Preliminary reports are conslstent with the hypothesis that the terato-
gonic resnlts reported in the Bioneties study were due to the contaminant
dlvxing or to Interactions of such contaminants with the 2,4,5-T rather than to
2.4.5-T per se.

Phe Department announced on February ¢ that it would undertake examinn-
tion of 24.45-T and 17 related compounds registered for pesticidal use to deter-
mine whether or not they are contaminnted with dioxing. I'reliminary fesulty
mn 24,5-T show that those lots examined of current manufacture and those
now in channels of trade gave the following results:

TABLE ).~~AMOUNTS OF TCOD FOUND X COMMERCIAL 2,4,5-T BY TWO METHODS

TCDO Content p.p.m.?

Sample Manufactorer Lot Grade! Collected USDA FOA
2457 .. 120019 16 70 trace.. 0.07
2457, .-. Monsanto. ... 07-020 ] 210, ... L)... 9
45T, .. Hercules, ... X-17394-21-5 TG 210, ... MDY N.D.
FAST Dow,... . . .. MM-120449 TG 0 AR L47-.52

1 TG=Technical grade.

2 TCDD Refers (o the 3 ,7.8-tetrachlorg-dibenzo-p-dioxin (TCOD),
1.0, =Levels of TCDD are below the limits of delection or below 0,05 p.m.
15ampbe supplied by Dow 33 a referance check and reposted to contain about 0.5 p.p.m. TCOD.

These datu are preliminary and are obtained from first drafis of methods
developed by chemists in the Crops Research Division (USDA) and in the DPes-
ticide Chremistry and Toxicology Division (FDA). The dioxin values refer only
to the 2.3,7.8-tetrachloro-dibenzo-pedioxins {TCDD) and do not indicate levels
of other halogenated dioxins (containing 35, 6, 7, or 8 ehlorines} in the 2,4,5-17
sanoples.

]nl view of all the information now avallable, we have not found that regis-
tered nse of 245-T without a finite tolerance on food crops constitutes a
Lhazard requiring cancellation or suspension of such registered uses.

Phere has been angd is concern over the ecologleal effects of 2,4,5-T used as a
defolinnt in Viet Nam. Dr. Fred Tschirley, Assistant Chief of our Crops Pro-
toction Research DBranch, has reported the results of his exomination of areas
treated in Viet Nam. He has reported no evidence of irreversible ecological
(damage. Allegatlons that defollation will lend to extensive laterization of Viet-
nnmese soils, thut Mangrove arcas will not recover, that flsh production in
wetland arcax will be redouesd] were not verifled.

Dr. T'schirley also headed a team of scientists who investigated allegations
of injury to hwmans and animals due to herbicide treatmment for control of
Chapparal Ly the Forest Service on the Toanto National Forest near Globe, Ari-
zonn. They found that apparent danage consisted of damage te suseeptible
plants near the treated area from drift of the herbicides wsed. The alleged
injuries to a duck and a goat were found to be groundless. Human iHnesses
wore those expected in a rormal population with the possible exception of one
man with skin Irritetion on his evelids Clinical chemistry on specimens
ohtiined during the investigntion is ih process.
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