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ArT. Before adjourning, I should add for the record there
had O aduled Dr. DuBridge of the Office of Science and Tech-
nology, but Mr. Bickwit advises that in the face of a 5:30 appointment,
he has ssked not to be heard, but instead submits his statement for the
record.

(The statement follows:)

SraTEMENT OF D& LzE A. DUBRIOGE, DIRECTOR, OFFICE OF
SCIENCE AND TECIINOLOGY

SENATE COMMERCE COMMITTEE,
APRTT, 15, 1970,

rman, Members of the Subcommittee, Let me say at the vutset that
| !;‘I.Ilf’])(l}e’:?ﬁd to lmve an opportunity to discuss with this Subeomwmittee coriain
aspects of the herbicide, 245T. An examlngtion of the subjec!: fllustrates a
number of important issues relating to the Federal Government's involvement
with pesticidess I belleve that tl;est- de_aitl‘r\'e some discnssion and T am glad to

re the privilege of exploring them with you. X
ha;‘%; l?ei-hlcideif 24 5-trichlorophenoxyacetie acid is a member of a family of
pesticldes which have served mankind very well for- a long period o? time.
This group of compounds, koown as phenoxy or aulin herbicides, have been
nsed sinee the late 1940's und resulted from rescurch worls performed during
the 1040°s on herbleides and defoliants for military as well as c¢ivilian 1use.

The toxiclty of 2,45T was studied In line with the .rwulrcments for its reg-
istration by the Department of Agriculture. The toxicology required for_ this
registration of 24.5-T waw aimed primarily at determining ite acule toXicity.
In thiz regard. it i now quite clear that the experlments pertonped tor this
purpose | alwost all of which were done l_ry o for the manufacturing industry
seeking the registration) revesled that 24.5-T was relatively non-t?xic o

“Fhis herbicide demonstrated a presistence in soil and water which was very
short i1on the order of three months for total disappom:u}}ce). It §s true also,
#s yot heard last week, that only rare instances of 2,4.5-1 resldues have hoen
discovered In the food surveys performed by the Department of llealtl, Educa.

Welfare.

uo.:sagdresult of these findings, plug its proved utility us an herbicide and ar a
defoliant. 2,4,5-T was considered a very heneficinl and safe herbicide and with
good reazon. As evidence for this, it is plain that the de_mand f?r 2.:1.0-T hag
risen. especially in the last several years. The production of 2,4.5-.1‘ in the
United Mtates inereased from 7.9 nililon te 425 willion pounds between 1960
and 1968, Domestically, it has proved its worth as a valuable adjunet in the
clenring of range and pasture lands of brush, in the clearin_g of roadsides and
rights-of-way, in the suppression of aquatie weeds, in the limited use for con.
1ol of weeds in croplands, and for alrering phrsiological respomses Of‘cropg,
The increase in production apparently has reflected the demand for 2457
both domesticnlly and as a defoliant for wmilitary operations in southea.:st Asia
In fact, the domestically tsed gquantities actually decreased between 1964 and
1966,

9(I‘n 1964, the National Cancer Institute of the National Institutes of Health
undertook on contract with the Bioneties Rescarch Laboratories, Incorporated,
4 sereening study of a large number of economic polsons. As you have heard.
the gwenorai purpose of this study was to ascertain th:;- potential for cancer, for
genetic alteration, and the potential of preducing birth defeets for this long
list of pesticiden. All who have been concerned with this subject recognize the
vilue of the Bionetics study as a screening mechanism for these potential haz-
ards. 2.4,5-T was among the list of materials sereened. One of the results of
this study was that a particular lot of commercial grade 2,4,5-T provoked birth

453

defects in mice and rats if administered in sufficlently laxge dose= at an appro-
priate stage of pregnancy in these animals, These results were available in
1968 and they were subsequently further analyzed statistically by the National
Institute of Environmental Health Sclences.

No further usetion was taken on the findings of the Bionetics study after
August 1968 nor was the Information on teratogenesis publicly available. How-
ever, coples of the study reports did find their way to members of Congress, to
journalists, and to some members of the scientific community. Coincidentally,
in May or June of 1969, o number of anecdotal articles appeared in the Viet-
namese press which reported an unusual incidence of congenital abnormalities
and abnormalities of pregnancy in certain parts of Vietnam. In some cases,
these reports were linked to defoliation operations. The evidence for this is,
however, extremely doubiful.

It wus with this backzround ihat I met in October of last year, in my
capacity of Exeentive Hecretary of the BEnvirommental Quality Council, with
representatives of the several Federal agencles which were most concerned
with the use of this herblelde. [t was the conscnsus of these representatives
that this researeh information from the Iionetles study warranted serious con-
sideration including certain restrictions on the use of 24,50-T. The announce-
ment of these intended actions ocenrred on October 20,

One of these actions was a Hinftation of Jdefoliation operations in Vietmam.
The limitation, which did occur snbgequently, took the form of resiricting
defoliation to non-populated arenas. Another announced detlon was aimed at the
Government's own uwse of 24,517 domestically in programs of brush and weed
control. These programsz were mainly purswed by the Department of Agrieul-
ture and the Departinent of the Tnterior. Here the Government did restriet the
appliention of thix herbicide %o ax to reduce possible oxposure to man. The
State Depariment, which to some extent hnd been a party to the u=e of 245-T
along our border with Canada, took steps to reduce human exposure here and
make available to foreign countriex technieal data about the subject.

The Department of Agriculture agreed to cancel the registration of 24.53-T
for wse on food crops Ly the first of the year wnless the Food and Drug
Adminiztration could, by that time, satisfy itself that it had enough evidence
to establish & negligible tolerance limit for human exposure. The féod crop
uges of 2,4,5-T Incidentally represented o minority of its total domnestic use.

At the time of the annonneement of concerted Government actions. I also
assombled a punel of experts within the Office of Seience and Technology to
review all that is known about of 2,4,5-1. This Panel has prepared a report on
the snhject which T expect to make avallable within a few weeks. During the
course of thlz review. it became known that an impurity of 24,57 was of
potential importance. The impurity, a polyehlorinated dioxiu, was apparently
very toxic and had been dentified In batches of 2,4,5-T as early as 1097 It
urose partly as an himpurity of the ehlorphenol sturting material and partly as
a result of the temperatures and pressures of certain of the reactions in the
manufacturing process, 1t bad provoked severe skin Irritatlons among workers
in 24,5T plants in Germnany and in the United States. The discovery of this
industrict hazard had Ted one V.8, manufacturer to curtail bis process until le
was able to reduce the dioxin content to less than 1.0 ppm in the 24.5-T prod-
uet. This eliminated the skin irritarion problem.

Within weeks after my unnouncement, some additional animal experiments
were begun in two laborntories simultanecusly. These experiments were
directid towards confirming and extending the results of the Bionetfes studies.
In addition, they were almed at finding out whether the apparent teratogenic
agent was 24.5-T jtzelf, or o potent fmpurity.

Fortunately. the experiments needed to test for teratogenesis are essentially
acute, short-terin studiex With an expectation of meaningful results from
these experiments in a fairly short perled of time and in view of the potential
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o impurity, the Departmeut of Ag_’rlculture in consultation with
?:.tut_a?i(:;r(.hg;l%:li\'. i}lld t!;.l,\' niice delayed :IIIIS' m;t;ﬂgt igx:;rﬁ caneellation of the
3 Taon registrations for 2457 as you heard las K. ) -
mr)lnfxr::lf tht sers of confirmatory studies was undortaken 'E‘:‘i thel (;o;fftmzmmé
itself. The resnits of these experiments, pursued at ﬂ.l(.‘ 1\a_t ]gl.\ﬂ b‘tg . lulet iq
Envircmnenuil Henlth Sciences, were mfule known l‘;) ",9‘,'"’5- t1'i 1“!:? :t‘ ) 118
worning. Essenrtially, these results 1m]ﬂ|mtt-<‘! both 2,4,5-T {'“;i ‘::t ¥ st ¢ :;?{
available’ and ity dioxin impuortty as potential wmtogens.(‘r \ 4 yorﬁr: . -t!l :;
vou will agree. reprexents an example of 2ome apbropriafe '0\&!"“ née o (. <.‘ Ons.
\s vou have hoard and as Dr. Steinfeld pointed out. the resul ts 0 rl“ﬁ(_. «;u.
firmatory stidies were translated into 1lnmedh;tfuqaftj%x‘m in the form of o serlew
i Jneed Government restriciions on nses of Tae-1.
of I};'lz:p’(;f‘ow mirn to what 1 believe fare sume ilnxaar}alng lessonsl 10 .bf?nle(t‘lr::ed
from this fascinaring ease study, First. ot me review. We ha;‘c Ler:! ‘:l ? < xuu,.
ple of a chetnical sabstuance Intentionnlix phwe_d futo the or;\‘ run.t]n 3 A .'III';“;
for the Letterment of his welfate. Wwhere the aim has been to oxl(. “ll:tl'g:'l ]utl tll.;
for labor In lamdl and waterway management, thera can be no dou n s
sierf woved lis worth. n .
ilel;illté‘iltf:\})ii Iw'nut we have now learned, 1 am wrswulor'l_ th::rt t“‘ ‘.nlu»{t con-
siler some chiauges in oar procedures and we tnust he w illing (l‘-hl‘l mlt var
regulatory systoms for pesticides, as {for other chemwﬂlﬁ in the omilrnnmegt. ttlo
(-thlnatiou. The very exciilent report of the Fecretary s_(‘nmmlﬁ O;l ol Posti-
eidi, hemded by De Emil Mrak. wlll, of course, seeve to Doinl up th .sq i1, Aot
From a humber of indieations it i3 guite anparent that we. a'.i:]l] R l“ !f:
have rolatively recently bugun to ask more mphistlcatm} quest 't) ?l a alou
adverse effects on heatth of o vyriety of cherleal suhst‘unceh. In{_l mr'. stfls t;“f
come about because of some addivional geienrmc knowledge an iu\. (: :g:: \;
toalz, En parr, it iz arisen sfinply by virtue of =ome fuereased (_-onu]rn ".m.l-
the safety of environmental chemicais, For example, tl}u n.nlizntl.on t’-“!ri("t‘l 1.'
mnnmut:ﬁ sgonis may be major mmr%ln}[turs trt'kt)i:o incidence of cancers in the
jologienl sense is a fatrly recent obEerva . o
(‘Iﬂ;}:‘ Ill::'(ul‘f!‘ it(hlvn. we have set our zights Lighee in tetrms .af tl:{! qne::-;tlzlo::lh ‘}w
would Yike the seientifie community to usk gbout lesticid.(-:-. As relln 24,;}{1[1‘
at the outset. The tatal amount of hack;:m}md toxicology mtri:mt‘lluﬁv 'l}:l\' i’r “,1. k
had been limited to studies of acute tnxlexty—l.wrfnrmed CREe 1; al;. \ ;11
try as directad LF the Federnl Government. Nn one had s:e.r m}ﬁ ¥ ;?rgx;.'::stft.
thar the hazards of birth defeets, genetic change, Or cancer be tm-,'tgi o ”u
cnse of 2.45T. nor WeTe there teols to sereen for these dlsmses.. o oties
study represented a step up in degres of mgllusticatlcm of ltzt'lz-nl(-azci{:t. ation and i
Certainly thix evolutionary process is o Nighly commenda n’: £ II fon Ang
one which is to be encouraged. There do exist some dilenos, BOWEV tr h 1
major Gt aeerves from the fact that there is no reattlI end pgi;:ll(:‘ “_o‘ ulis
questioning process. The morve rescarch that is performed. :f' n;o_r nosw 1 ;»tg:
tlons witl be raised about the chemiceal muder investigation. That ix. I I'it(tmlli-
obviogs thut declsions virtually always will have to ht_» n‘mtle 'f?il('ia:lnlj\‘ E«. i,
incomplele information. Perhaps the goal wo shonuld seek 1x ﬂl s e 3 ‘r‘.. ‘n(f x1-
ble =vsteln to aliow us to ehange our minds ( when ecanfronted \\‘r 1 lrll:"'tlt or.
wntions, coupled with an explicit acknowledgement of the 'peﬂ"l(ltm 5 11'.{ e';!lm
state of our sclentific knowledge. Again, the Bienetivs «tudy is illustraove. The
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Bioneties’ resolts were new amd unexpeeted findings~—albelt teniative findings.
It is the natare of seienen that experimeutal results nre always subject to fur-
ther conficmation and refinement. The discovery of terutogencsis in experimen-
tal animals required confirmation and further investigation to make that
finding meaningful. Fortunately, the cxperiments to do this were begun almost
Immediately, as you kpow, amd the results have jnst uow become available.
What these results have done is to sustain our ecarlier coucern about this her-
Biciile. At the same tite, sejentifie logic wonld dictate thar we should continue
to npply more resenrch effort to betier understamnd these findings.

Then too, the more sophisticated the zeientific investigations Dbecome, the
more expensive they are. The cost of the Bionetics stindy was approximntely
two and one-half million dellars. Remember, this was only a screening study.
Muelt raore extensive studies wouldd surely he desirable.

A related question that is raised concerns the distribution of these costs, As
T have noted, In the case of pesticides. the tradition has been for the Govern-
ment to impose on industry the obligution of proving that n materinl s safe
and of performing rhe toxijcology necessary for that proof, As the cost amd the
thne required for this background research rises, the manufacturers wmay be
less and less inellned to porsue the developuwnt of new produer: of Hinlred or
uncertitin markefability, Sinee we depend on the minmfaeturing industry for
thiz development, we may be disconraging innovative and improved produets.
Henev, 1 saiunit thar additional public Investraent ay have io be made in the
future in background resenureh reluating to hendih and other effects of environ-
mental agents—including pesticides. The President’s Seicnee Advisory Commit-
tee is studying these fssues presently.

Let me wuel now on the subjeet of the trausiation of reseureh findings Into
policy decisions amd regolarions. T have made the point that the heart of the
Federal Government’s control over pesticides resides in the process of registra-
tion with the Department of Agricnltnre. This registration is based, jn part, on
toxicological information supplied by e manufacturer. There has been rela-
tively lithle thought given 1o the subject of how to jucorporate new, unex-
pected Information whieh is cotlected oufside the registration process into the
regilatory process. This was elearly demonsirated afrer the Blobetics study.

Finally. let me raise the questinon of the latitade available for regulation of
pestieides. Under the existing Federnl Tnsecticide, Fungicide and Rodenticide
Act (which law regulates pesticides), rthe burden of proof of safety resides
with fhe mannfacturer. Tn the case of an existing registration. the options for
acrion available to the Government, however, are relatively few. These are
cancellation or suspension of the registration. Both of these are relatively
drastie actious nnd are not snpposed to he entered into capriciously. Tf a regis-
tration is tancelled (which wag the ; nggestion made for 24,511, the decislon
may be appexled Ly the manufactor r and it then betalis the Governmont to
prove that a hazard exists, rather than the fudustry to establish §ts safety. ln
short, there doos not exist n mechanisin wherchy the Government mgy exercise
prudent and unequiveeally eoffective restralnt temporarily on the receipt of
now, unexpected jnformation, ahd while nwaiting more definftive results.

There are pow uhder discussion a serles of proposed nmendments to the
Foderal Insectlelie, Fungiclde, and Rodeaticide Act. These watters are serd-
otsly being constdered in these discussions before your Committee,
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Mazershed Studies with 2,4-D, 2,4 5-T, and Picloram'

bescription of Wazersheds

The two experimental watersheds are located in the saythern Appalachian
near Waynesvi|lg, Morth Carciina. Watershed 1 concains L. 6L scres, and
watershed 2 contains 3.66 acres, The slopes of both wararsheds averagad about
35 te LC percent, The predominant soll is Halewood clay loam, The watersheds
are delineated and enclosed 50 thar no surface or subsurFace flow can enter,
Each is equipped with a weir installed to bedraock, and total flow from the
watersheds is measured. Three 0.05-acre plots with catchment devices for
surface runoff determination are superimposed on watershed 2. The vegetative
cover was & mixed grass sward containing disontinuous infestations of
herbaceous weads and small woody plancs,

Experimental Procodure

ihe map of watershed | (Figure 1} shows the nine 0.05-z2c-e plots sprayed
in 1867 and the three large plots {1.16 acres} sprayed in 1968 and 1969,
There sre three replicailons of three zreatmants in 1367. Large plots A, €,
and D were spraved with the same herbicides in 1968 and 1969, The application
rate was 2 Iofh. Wnen larae piots were used, ther¢ was one replication per
watershes, The map of watershed 2 (Figure 2) shows the small plots sprayed
in 1967 and 1968. The plots were sprayed as shown in 19567, In 1968 herbicide
trealrents were rataced 10 so that each plot received a different herbicide. The
application rate was 2 Io/A in 1957 and 1968. In 1963 the large plots were
sprayed at & ~aie of 4 15/A. The treatments were adjusted so that the herbicide
assloned to sach surface runoff plot had not been applied to thaz plot in 1967
or 1968, Thare were three replicacions of treatments when small ploits wore used,
Treswments on large plote were unreplicated within a watershed.

The chemical and common names of the herbicides were 3, 6-dichloro-o-anisic
acid Edi“ma‘i’ 2, 4-dichiorophenoxyacetic acid [2,8-D], 2,4, 5-trichlorophenoxyacetic
acid [2,4,5-T), snd b-amino-3,5,8~trichloropicolinic acid [piciorsm}.

The herbicides wers applied in September, 1967 and in August, (968 and 1969,
A1l applications were made with s Knap-sac sprayer. The herbicidal formulations
were as follows:

dicanmba (cimethylamine salt)

2,80 (alkerclanine salts)

pictoram (potassivm salt)

2,4,5-T {propytene glycol buty| ether ester in 1568}
2,4,5-T (triethylamine salt in 1969),

! A contrivution of the North Carolina State University Agriculiural Experiment
Station., This research was supported by the U. $. Department of
Agriculture under Contract No. 12-14-100-8938(34) .
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For several months after spraying, grab samples of water ware collected at
the flumes during storms, and runoff samples were removed from the surface-runcff
tanks ai the end of each rain storm. Water and soii samples were shipped to
Raleigh for smalysis, Soil samples were frozen before shipment. Water samples
were shipped as soon as possible after collection and were stored at 49 on
arrival in the laboratory. Usually, analysis of water samples began within 3 to
4 days after collection.

Al:: electl:on-capturo gas chromatographic sechod was developed for simultaneous by
measuring ;e;rdues of the four herbicides. Low limits of detection of 2,4-D in
water was 0,002 to 0,003 ppm; for picloram, 2 4,5-T, and dicamba the limi
0,0005 to 0,001 ppm. ) e e Vimit vas

Results

Water samples collecied from flumes at the base of each watershed during and
sfter rain storms in 1967 contained 2 4-D, but concentrations of picloram and dicamba
were oelow the limits of detection. The highest concentration of 2,4-D (0,028 opm)
occurred shortiy afier peak runoff of the first storm after application, The level
decreased with each subsequent storm and was below the limit of detection in samples
iaken between September 27, 1967 and June 17, 1968 when sampling was discontinued
until the 1968 application.

) Although one=fourth of watershed 1| was sprayed with sach of three herbicides
in 1568, n?ither 2,4,5=T nor piclorsm was detected in flume water, and only low
concentrations of apparent 2, 4-D (0,003 to 0.005 ppm) occurred sporadically

(Table 1), A small interference peak with a retention time in the gas chromaiograph
equal to that of 2,4-D raises some doubt about the authentlcity of 2,4-D values in
the 0,002 to 0,004 ppa range (Tsbles 1 and 2).

Concentrations of the herbicides in flume water samples coflected in 1962
from watershed | wers below the detection limit in all cases (Table 3}.

After the 1969 applications, 2,4,5-T was deiectad in watar samples taken at
the base of watershed 2 during the first and second storms (Table &)}, The highest
concentration was 0.048 ppm in a sample coliected while rynoff was increasing during
the second storm. The concentration was less in other samples and decreased to
fezs than 0,007 ppm when Tlow returned to normal. Low concentratisns of picloram
uere'detected in flume samples during the second storm alse. The maximum toncen-
tration was 0,003 ppm in 8 sample collected while flow rate was decreasing.
Picloran was detected at 0,002 ppm in the first base~flow sample ‘aken after the
storm, but levels were less than 0.00) ppm in 211 samples thereafier,

.Residues of 2,4=D, 2,4, 5-T, and picloram in sol) at several iimes after
application are shown in tables 5, 6, and 7, respectively, The 2,4-D disappsared
rapidly from soil. Although picloram persisted for several months, none was
detected | year after application, A very small amount of 2,4, 5-T was presant

in the 0 {0 6~inch 5011 depth at 3 and 7 months after application, but non
fowmd 12 months after, ’ n o v



Table 1, Concentrations {(ppm) of 2,4-D, 2,4,5-T, and picloram in water Table 2. Concentrations (ppm} of 2,4-D, 2,4,5.T, and picloram in water
from the flume of watershed | over a 4-month period after from the flume of watershed 2 over a 4-month period after
application of 2 Ib/A of each herbicide to 25% of the water. application of 2 Ib/A of each herbicide to 4% of the water-
shed area on August 21, [968. shed area on Auygust 20, 1968,

Flow 2,b-0 2,4,5-T Picloram Flow 2,b4-D 2,4,8.7 Picloram

Date condi tion (ppm) {ppm) (ppm) Date condition {ppm) {ppm) {ppm)

8-25-68 Peak <0.002 <0.0005 <0.0005 8-25-68 Half-up <0,002 <0,0005 <0,0005

Base <0, 002 <0.0005 <0.0005 Peak 0.002 <0.0005 <0,0005

8-3]‘68 Peak 1 <0.°°2 40.0005 {0.0005 Half-down <0.002 (0.0005 <0,0005

9- 1-68 Half-down <0,.002 <0.0005 <0, 0005 8-31-68 Peak 1 <0,002 <0,0005 <0.,0005
Peak 2 <0,002 <Q,0005 <0.0005

Peak 3 <0.002 <0.0005 <0.0005 9. 1-68 Ha I f -down <0,002 <0.0005 <0, 0005

Base <0.002 <0.,0005 <0.0005 Peak 2 <0,002 <0,0005 <0,0005

Peak 3 <0,002 <0,0005 <0,0005
- b= 3a <0,002 <0,0005 <0.000%

9- 6-68 se Base <0,002 <0.0005 <0,0005
9-13-68 Base <0,002 <0,0005 <0.0005

10- 3-68 Half-down 0,005 <0.0005 . <0.0005 9- 6-68 Base <0,002 <0.0005 <0.0005
0.002 <0,000 <0.000

Bese 5 5 10- 3-68 Ha I f ~down <0, 002 <0.0005 <0.0005

10- 668 Hatf-down 0,004 <0.0005 <0,0005 Base <3.002 <0,0005 <0, 0005
Base 0,003 <0.0005 <0,0005

10-16-68 Base <0.002 <0.0005 <0,0005 10- 6-68 *;alf-dwn 48-203 <0,0005 <0.0005

ase .002 <0, 000 <0,

10-24-68 Base <0.002 <0.0005 <0.0005 3 0.0005

11- 668 Base 0.002 <0,0005 <0.0005 10-16-68 Base <0.002 <0.0005 <0.0005

12- 1-68 Peak <0,002 <0.0005 <0.0005 10.24-68 Base <0.002 <0.0008 <0.0005

12-13=-68 Peak | <0,002 <0,0005 <0.0005

Paak 2 <0.002 <0.,0005 <0.0005 11- 6-68 Base 0.003 <0.0005 <0, 0005
Peak 3 <0.002 <0.0005 <0.0005
12- 1-68 Half=- =0,00 <0.

12-15-68 Base <0.002 <0.,0005 <0.0005 arr-ae 2 0.0005 0.0005

12-20-68 Base <0,002 <0.0005 <0, 0005 12-13-68 :’ea: ; :g.goz <0,0005 <0,0005

ea .002 <0,0005 <0.000%

12-22-88 Peak 1 <0,002 <0,0005 <0.0005 Peak <0.002 <

Peak 2 <0.002 <0.0005 <0.0005 ok 3 0.0005 <0.0005

12424-68 Half-down <0.002 <0,0005 <0,0005 12-14-68 Base <0,002 <0,0005 <0, 0005

12-26-68 Base <0.002 <0.0005 <0,0005 12-20-68 Base <0.002 <0.0005 <0.0005

12-22.68 Pesk 1 <0,002 <0,0005 <0.0005
Peak 2 <0.002 <0.0005 <0.0005
12.24-68 Ha 1 f-down <0,002 <0,0005 <0,0005

12-26-68 Base <0.002 <0.0005 <0,0005
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Table 3. Concentrations (ppm} of 2,4-D, 2,4,5-T, and picloram in water Table 4, Concentrations (ppm) of 2,4-D, 2,4,5-T, and picloram in water
from the Flume of watershed 1 over a L-month period after from the flume of watershed 2 over a 2-month perlod after
application of 2 1b/A of each herbiclide to 25% of the watershed application of & Ib/A of each herbicide to 25% of the water-
area on August 13, 1969, shed area on August |4, 1969.

Flow 2,5-p 2,4,5-T Picloram Flow 2,4-0 2,4,5-T Picloram
Date condition {ppm) {ppm) {ppm) Date condition {ppm) {ppm} {ppm)
8-16-69 Half~down <0.003 <0,001 <0.001 8-16-569 Half-down <0.003 <0.001 <0,00!}
Base <0.,003 <0.001 <0,001 Base <0,003 0.019 <0.00)
8-22-69 Peak <0,003 <0,007 <0.001 8-22-69 Half-up <0,003 0.048 <0, 001
Ha1f-down <0.003 <0.001 <0,001 Peak 1 <0,003 0,031 0,001
Base <0.003 <0.001 <0.001} Peak 2 <0,003 0.006 0,002
Half-down <0,003 0.003 0.003
8-29-69 Base <0,003 <0,001 <0.001 Base <0,003 <0,001 0.002
9- 5-69 Ha | f=down <0,003 <0,001 <0,001 8-29-69 Base <0,003 <0, 001 <0.00)
Base <0,003 <0.001 <0.00}%
9- 5-69 Ha I f=down <0,003 <0.001 <0,001
9-12-69 Base <0,003 <0,001 <0.001 Base <0.003 <0.001 <0.00)
941969 Half-down <0.003 <0,00) <0,00) 9-12-69 Base <0.003 <0.001 <0,001
Base <0,003 <0,001 <0.001
9-19.69 Peak <0,003 <0,001 <0.001
9-23-69 Peak | <0.003 <0,001 <0,001 Ha1f-down <0,003 <0,00! <0.001
Peak 2 <0.003 «<0.00) <0.001 Base <0,003 <0,001 <0.001
Ha 1 f -down <0.003 <0,001 <0,001
9-23-69 Half-up <0,003 <0.001 <0.001
9-24-69 Base <0.003 <0.001 <p,001 Peak 1 <0,003 <0,001 <0,001
Halfedown <0,003 <0,001 <0,001
10« 1-69 Base «<0,003 <0,001 <0,001 Peak 2 <0.003 <0,001 <0,001
Peak 3 <0.003 <0.001 <0.001
16- 2-6%¢ gase <0.003 <0.001 <0,001
9-24.69 Base <0.003 <0.001 <0.001
10- 8-639 Base <0,003 <0,001 <0.001
10- 1=69 Base <0,003 <0,001 <0.001
11-28-69 Base <0,003 <0.001 <0,001
10- 2-69 Base <0,003 0,001 <0,00?
12- 7-69 Peak <0,003 <0,001 <0.001
Half-down <0.003 <0,001 <0, 001 10- 869 Base <0.003 <0,001 <0.001
dase <0.003 <0.001 <0.001

12-10-69 Peak <0,003 <0,001 <0.001

Ha lf-down <0.003 <0.001 <0.001
Base <0,003 <0.001 <0,00%
12-17-63 Base <0.003 <0,001 <0.001

12-29-69 Base <(,003 <0.001 <0.001




Table 5.

Residuyes of 2,4~D (1b/A) in soil at O to 3 months
after application of 2 1b/A August 20, 1968 to
Watershed 2.

Soil Months after application

depth

{inches) ) 1.5 3.0
0-3 0.79 0,03 0.02
3.6 - <0,02 <g.02
6-12 - <0,04 <0.04
12-18 - <0,04 <0,04
1824 - <0.0h 0.04
Total 0.79 0.03 0.06
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Table 6. Residues of 2,4,5-T {Ib/A) n soil at O to 12 months after
application of 2 Yb/A August 20, 1968, to Watershed 2.
Soil Months after application
depth
{Inches) 0 1,5 3.0 7.0 12,0
0-3 I.i4 0.15 0,03 0.04 <0.01
3=6 - 0.01 <0,01 <0,01 <0,01
6=12 - 0.04 <0.02 <0.02 <0.02
12-18 - 0,08 <0,02 - -
18-24 - 0.02 <0.02 - -
Totsl L4 0.30 0,03 0.04 <0,0k
Table 7. Resldues of picloram (Ib/A) in soi) 0 to 12 months after
application of 2 ib/A August 20, 1968 to Watershed 2,
Soit Months after application
depth
{inches) o 1.5 3.0 7.0 12,0
a-3 1.27 0.52 .37 0.08 <0.02
3-6 - 0.1 0,08 0,06 <.02
B=12 - 0.18 0.04 0.06 <0.,04
12-18 - 0.0 0,06 - -
18-24 - 0.0% 0.06 - -
Total 1.27 0.95 0.61 0.20 <0.08
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