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ABSTRACT
The herbicide 2 4 D [2 4-(dichlorophenoxy)acet1c acid] was
adapted from terrestrial to aquatic: use. Recommended treatment
rates vary from 2 24 kg/ha to 22.4 kg/ha or even higher for sub-

mersed species.~;T‘

Thypetd

Many formuiations of 2,4-D are available, but'théione used

~ most commonly. s the dimethylamine salt of 2,4-D (DMA-2,4-D),

The ester formulatinns are.also used but are 10 to 20 times as

toxic to fis and -other aquatic organisms as the dimethylamine
salt. G . S - ,

A tnigffﬁtﬁﬁaf 0,1 mg/1iter hai*ﬁaan tssued for DMA-2,4- D
Ehat BECURY m putab\e Water a3 a risult of applications of
OMA -2, 8-0 R0 ditch banks in the westarn United States. ‘Several
Fedara) uglncies aro presently pursuing the registration of
2,4-p for usa o ircigation canal banks and for use in moving
water, Since most of the research necessary for registration
of 2,4-D has bean done, it should be re]atively 1nexpen51ve to

compiete the registration procedurs,



L ms*romr QF FISH cm.mzw. USE

. 1,.' :g \

Resaarch on 2,4-0 compounds started during World War II un~

der war-tima sacraqyn Tha chamical has a growth-hormone effect |

-at low concentratinns {1935 ;han ona uglIiter) and 2 herbicidal

effect at concam;rations of a.l mgn!w and greater.
. g . '-h-' 1 %:. -*

The first recorded aquat!c&usa of 2,4-D was to control water-
hyacinth {Hildebrand, 1946) savaral years later, Surber (1949) o

_ reported—that 2.4—0*wa: affective fhr control of emersed and
*'_‘;imarginai ueeds. Sinca then, 1t has been used to control Elodea
ih canadensis (Foﬂet. 196?). Eurasian watermilfoil {Haven, 1963;
_Smith and Isom. 1967. Hh‘ltna,y. 1970, sttalik et al., 1971) and

- Hydrilla verticillata (Kleinschmidt, 1969) It also has been -

tried as a control fbr Pithoghnra,sne. altigatorweed, duckweed,

e waterstar grasé (iaurense.‘19621;“Nymghea odorata (Pierce, 1860), e

‘Brasenia SpP.. fPierce. 196!}, gnd. 1n combination with Endothal,

Potamagctog cri Spus, {Pierca '1969),  Martin ot al. (1957) noted
1ts use 1n dwproving dugk Mfﬁﬁ habstak, Frank gt al, (1963) -
reported that 2,4-0 wes uaafﬁi“fov cnntéa?ltng water 11y, latus,

‘spatterdock, and penny uort 1n 1rr19at1on canels but would not

control Sagoe pondweed or Ammr1can pond weed due to fts lack of .
persistence in the soll. Tha litter authors reported that



_2,4-0 was somwhat effecﬁvé for contml of the fo]lowing nar-
| ginal weeds aluné irrigat{.i ;‘qz_éa;ualsz w'l'now. sedge, smartweed,
cattaﬂ. armuhaad. pickars‘li“wacd 'bu'irush. spikm-ush, knot~
orass, southern mtergrqn. and naad!arush. Bruna {1954, 1987)
Iand Bruns. anél ‘C‘!ora (1958} 1nvestigated possib'la damge to

T AT

- acrops from 'lrrigat'lmf watér tr?ateg uith 2.4-0 while DeVanay
‘j Ly ""J‘ et
(1957) reportad,\aiﬁcacicus;q;a_s;gu fpr uw:ls in farm pords and

lakes.

e

T
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PHYSICAL AND CHEMICAL PROPERTIES

The herbicfda 2,4-D [2,4-(d1ch10rophenﬁxy)acetic acid] has
- a molecular Tormula of CghgCl203, a molecular welght of 221.5,
a specific gravity, ¢, of 1.565 (30° C), a melting point of
135-138° C, a ﬁoi}1ng point,of7160° C at 0.4 mm Hg, and a vapor
prassure of 0.4'm'Hpg ai 160° € (WSSA, 1970). It is a white,
crystalline, odofless'suhstance. and 1s soluble {n wany organic
solvents but quite insoluble 1h water. Nelson an& Faust (1969)
determined the acid dissociation éonstant of 2,4~D by means of
potentiometric titration. . They found a pKa value of 2,73 at an
fonic strength of 0.05 fof 2,8-D,

- The acid 1s prepared-frém 2,4=dichlorophenol and monochloro-~
acetic actd n the presence of aqueous base. An aqueous solution
of the dimethylamiﬁe salt (dﬂﬂ) is prepared by addition of 40%
dimethylamine solutfon to. an-aqueous slurry of 2,4-D at pH 8,

The butoxyethannﬂ ester is synthesized by the reaction of the
free acid of 2,4-D with butOxyathanol (NSSA 1970).

. The free acid may be Qﬁfer@inad by infrared SP&Ctroscopyjz:iﬁé“-47*”"

formation on analytical mﬂtﬁbds is contained in the Residue Section

of this repbrt.



- J

The teratugénic cdmpound tatrachiorodioxin {dioxin) {s

found ¥n small amounts T E conmerc‘laﬂy prepared 2,4,5-trichloro-
‘phenoxyacetic acid, hence, analyses ‘have been conducted on Come
mercial preparat'lons of 2 4-D. Huston (1972) reported three r
neutral fmpurities An comemially prepared 2,4-D which could
interfere with gas-'l'lqu'ld aciu-o!pltocraph*lc {gic) analyses for
~dioxins, She concluded that these conteminants were not dioxins
- nor deletarious. Plimer and Kl ingebiel (1971) conc'luded that

~ under field cond‘ltions. dioxins are unlike‘ly products of the
lower ch]or‘!natad phemls or phenoxya!kanoic acids.

Severalf"fnmm'lations bf, 2,4'-0‘_&:'& in comnon use. These in-
clude: wé,?gr—solub]e saitssuch as. sodfum, dimethyiamine,
ethanolamine, and triethanolamine; oit-soluble aminé salts, such
as the dodecy)-tetradecyl amine salt and the N-oleyl-1,3-pro-
pylenediamine salt which are soluble in most organic solvents;
and esters, such as the iso-octyl, butoxyethanol, and the

propyleneglycoibutylether ester.

The formulation most t;ommn'ly used in aguatic sites 1s the =
: dimethyla.miné sa]f of 2,4-6 (DMA-2,4-D). The molecular formula
of DMA-2,4-D is CmeClzNGg;- the molecular weight is 266.1; and



the melting point fs 85 to 87° € at which temperature it decom-
poses, ODOMA-Z2,4-D {8 a white, odnr]ess crystal which is highly

~ soluble 1n water, less soluble in alcohols and acetone, and 1n~
scluble 1n kercsene and diesaﬁ oil. It has been reported (Bridges
and Sanders, 1963) that DMA-Z.#-D will diffuse through poiy- ,
ethylene bags placad 1n watar.i_ ' |

Effetts‘ on Organisns

Microorganisms and algae,ﬂ Lamartiniere et al. (19584) réported
that 2,4—Dlaffected cross wall formation and cell division in

" several bacterial spacias, 'Tbay'fbund a8 rapid-ce11q1af-deéth

in the stationary phase ofdgfbwth. Butler (1963} noted no de~
crease in productivity of natural phytoplankton or unialgal cul-

tures of Duniella euchlora or'?]agymonas sp. durtrg a 4-hour

exposure to a l-mg/1iter concantration of DMA-2,4-D. Poorman

- {1973) found that 24 hours’ exposure to 3- to 10~mg/iiter con-
centrations of 2,4-D hd no éf?bct on the growth of Euglena
-gracills. They also reported no effect after 7 days' exposure
to 10 or 50 mg/1{ter but thare was & 265 decrease in growth of
Euglena when they were exposed to 100 mg/l1iter for 24 hours,
However, when these cells were diluted and transferred to

pesticide-fras medium, they recoversd,




When the freshwater alga, Scenedasmus; quadricaudata, was ex-

posed to 0.1 or 1.0 mg/liter of 2 4-0 there was a decrease in

cell density at 4-8 days. soms 1ndications of carbon fixation
stimylation beginning on-day 6, and a small reduction in biomass
by day 10 (Stadnyk et al., mm Walsh et al. (1970) reported
| that cancentrations of 0. 1 1.0, or 19 o mg/liter BEE-Z -0 did
not alter. the rate of photoayathesis of 2 spacies of unicellular

' marine algae.

P1ants.a Lynn qnd'Ba;fuus t19525 found no Increase iﬁ_hydrocyanic
actd content of wild pfn cherry leaves spréyed with an ester of
2,4-0 (see Willard, 1950). Buck gt al. (1961) 21so reported no
1ncrease 1nghydrocyan1c acid 1n Canadian thistle sprayed with
2,4-D, They found that ca!vasland ewes ate the sprayed, dried
plants with po 111 effects, Hilliams {1963) found that spraying
spring parsley with 2.4~D.det§iif1ed the plants, thereﬁy decreas-
- ing the plants qapacitg topp@@taspnsitize chickens.

Insects. Adams -(1960)“"‘1'.01'1';1;1 that coccinellld larvae were suscepti=

bie to-an amine sa!t of 2.4-9. She stated that the developmantal
period was lengthened when older age groups were sprayed and that
. morta]ity was twice as great in sprayed Jarvae as in controls up
“to pupatfon, although mortality during pupation was no greater in



by oak beetles ahd that beeﬂa numbers were higher on treated

Aguatic organims: Butler (1963) fmmd that 5 mglliter of DMA- : '. %
2 »A4-D {rritated Juveni'ls b'lua crabs after 24 and 43 hours of test- |

_sprayed than contm‘l ‘lawae. Rexrede et al. (1971) reported

that trees treated with herhic‘!das wera more subject to attack

trees, Houevar,l_. tr&astreated _uith m2,4-n had less fungal
mt than those treated w!t?rpie‘lem and 2,4-D or picloram and

arsanic,

Maxwell emd HﬂMOd (1960) reported an incrensed rate of re-
productiun by pea aphids fad ois bmad beans sprayed with non-
lethal dases of 2,4-0. This 1n¢reued rate may have been due to
tncreased amounts of fres aian‘lna. aspartic acid, serine, and
glutathion in the grwth tmimls of the bean plant, the area of

greatast aphid develcmnt.

4ng but no dacmsa in oystar shall. gmth occurred after treat- Y
ment at 2 mgf'litar for aa hours. Hhen ponds were treated at 5 | |
and 10 mgll'lter af 2.4-!7, thera Was 8 zuuaek delay in bluegfll
spawning (Capa. at a'l.. 1970). H'igher t%‘eatmnt levels fnduced
some patholoay inciuding __dep’letion of lver glycogen, globular
deposits in the blood ves'sei"sj end stasts and engorgement of the

brain ¢1rculat§ry system., °
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Birds. Whitehead (1973) reported that growth rates of 0- to 8-

. week old broilers decreased significantiy when fed 10, 50, or

100 mg/kg 2, 4-D but that food conversion was not affected by any
dietary level..\uhitehead and“Pettigrew {1972) noted a reduction
-in food consumption and growth levels in chicks fed 250-900 mg/kg
dietary 2,4-D. Tha& found that 5,000 mg/kg'caused histological
changes, but théfchicks fesdhed nofmal growth when placed onla
normal diet. No ef%ect was hoticed on plasma calcium or mag-
nesfum, Somers et al. (1973) sprayed fertile chickheggs at the
recommended and aiso at 10 and 20 times the recommended appli-
cation rate. They found no'efféct on hatching or growth of the
chické. Chickens tolerated 300 mg/kg/day for several weeks with-
out 111 effects (Bjorklund and Erne, 1966). The same workers re-
ported that the most noticgable effect was reduced egg production
when chickens were given 500 mg/kg'in feed or 1,000 mg/liter in
water for proionged'periods,  In contrast, Lutz-Ostertag and Lutz

{1970} reported #0475% morialities in eggs of pheasants, gray

partridge, and red partridge sprayed with 2,4-D. They also found - . .

fetal malformations, reduced fertility, and physiological cas-
tration. Sheldon et al. (1964) fed geese 1,000 mg/kg of ..
2,4-D and sacrificed'géese at intervals from 22 to 230 days.

Treated geese gained less than control geesé and also had dis-

organized cellular structuve, hepatic cell destruction, and fatty



n

degeneration in the liver. Two geese treated for 192 days were
placed on a controi diet and had almost completely recovered af-

ter 7 months

Mammals. When COIlins and Hi!!iams (1971) fed hamsters 20-10Q
mg/ kg daily thay founé o:casiunnl terata, decreased fetal
viability, and dacreased littar sizu. However, these ancmalies

were not dosewrainted L

Brody (1973} indu;dg:ﬁﬁgiéﬁig $n rat muscles in 45 minutes by
Injecting 200 ig/kg body weight of 2,4-D. The animals did not ap-
pear 111 and the myotpniaﬁdigippeared within 24 hours, He postu-
lated that 2,4-D caused an dncrease tn K' conductance which could

Jead to myotonid through a :ompensatoré decrease 1n C1™ conductance. *

Philleo and Fang (!957) reported that control rats fed 14

acetate converted more than 903 of 1t ta 003 When rats were
fed 10-20 my/kg 2.4-D tha ef?ect on respired 140, was fnsignifi-
cant, however, a dose of 400 mg/kg decreased the amount of re-
spired ''C0, and affected the pathay of 1%c0, eltatnation. Heene
{1967) found that 2,4-0 1nh1b1ted glycogan forming enzymes in rat
skeletal muscle. Khera and Mc&fn1ey {1972} noted fetopathy and an
increased inctdence of skeletal anomalies following daily per os
doses of 100-150 mg 2 4~D/k§.“ However, weight gatn and viability
of the offspring were within control Vimits, Schwetz et al.
(1971} administered
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doses of 2'4“D“§3f5f3 fﬁ pregﬁant rats 6-15 days after conceptfon, * * %

The maximum-tabuiated dose uas 37.5 mofkg/day. High dose levels

vesulted 4 decrezsad fetai pody waight, subcutaneous edema, de- 3

flayed bona ossification, and fcnuatian of lumbar and wavy ribs.
810 of which were probably dose-relateds. They found no terato-
J: genic efftcts at ané dosé,ﬂqpr any effect on fertility, gestat!on,-;ﬁ;
- viabiiity. or 1a¢tat1un. _ﬂf&o. neonatal growth and devalopment N
were not alterad by traatmant during.pregnancy Rats tolarated
100 mg 2,4—D/kﬁ‘uithout 171 effect (Bjorklund and Erne. 19686},
The same workers also found that 50 wg/kg/day could be toxic to

) pigs. Pios fed 560 mg/kg for up to 12 months suffered growth de-

l;'pression. locomotor disturbances. anemia. albuminurda, and moder~
ate hapatic and renal deganerqt!on. A sow fed 2,4-D through the
gestation per1od shnuad na 111 gffects hut the piglats were

underdeveloped apd 10 to 15‘99 them diad within 24 hours of birth,

There was retarded growth and 1ncraasad mortality In the second
generation when pregnant rats and thelr offspring were gliven
1,000 mo/kg 2,4-D for 10 mcnths. ‘Hansen et al. (1971) fed rats
up to 250 mg/kg 2,4-D 1n the d‘let for 2 years. They found no
‘significant effect on gruutp rate. surviva1 rate, organ weights,
or hematologic values. No 2,4«0 re!atad effects were found in

beagies fed up to 500 mg}kg diatany levels for 2 years In a



.

threa—genargiion‘pat,iittgt.rébroduction study, no deleterious
effect was noted.from 106.09 500 mg/kg dietary treatment, and,
while 1,500 mgfkg did not affect fertiiity nor litter size, 1t
' reduced the percentage of pups surviving to weaning and the

weights of weaniings. ,_j,,

Shee?'givanrloo-mg/kg-;fdéha'§1kano1am1ne salt of 2,4-D

were un&ffe&té&:aftgr'3§i;§§;es'(Pﬁlme? and Radeleff, 1964)..
Cattle were uhafffectgd"t';f- i‘ig-dcs'as or 50 mg/kg but died after
44 doses of 200 ﬁg/kg.-=$ﬁeﬁb also were unaffected by 481 doses
of 100 mQ{ké of an ester of 2,4-D while cattle suffered welght
loss Qhen giveﬁ 10 dosas of 250 mg/kg of the same ester. Rade-
1eff (1964) stated that'éiﬁ-o'was absorbed from the digestive
tract and eliminated by the kidneys in mammals.

Walker et al. (1972) reported that 2,4-0 inhibited tunor de-
velopment in Ehrlich ascites., They further noted an increased

survival time for tumorogenic mice treated with 2,4-D.

Humans. Sara:(1972) reﬁo&teﬁ Q”césa of headaches and double
vision in a worker spfayihg“?;h—ﬂ,_ Berkley and Magee (1962)
'Ifeportéd the case of a %gfmeﬁuwﬁ;“had cutansous exposure and had
possibly inhaled nas-z;a-q. 1Helstafed he had tingling of the

hands and. feet, aching arms, and stiffness in his hands and



;i
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" knees, Hls da;;t:arity vas 5o redpced he could not button his
shirt or tle h‘.isl shoes. He aiso had reduced perception to pain-
ful stimuld {n the distai extremeties. -The authors concluded
that neuropathy frnm"z.?‘-b:_;ipfdsm'is rare and those who show
it are prt;béﬁigt_ predisp'oso-zél to neurop#thy or susceptibiiity to
the toxin. ‘Anothér. "squlrce_l(j\‘wmus, 1956) also mentions pos-
sible sénﬁjtivity of 'gei'tni'riw;lnd‘lvidﬁah_ to phenolic compounds
vwhich are contaj!ﬁéd in sonq[_fprnﬁ:‘!'aiions; Willard (1950) also
mentioned the possib'lg al-leréj_ :of;sbmd pecple to 2,4-D. Ber-
wick (1970) reported an accidental ingestion of 7,200 mg 2,4-D
which resu‘!tedl'l{: #brillary tuitcﬁing- and paralysis of the in-
tercoastal muscles. Bonderman '53_ al. (1971) studied the adaptive
responses 61’ some esterase enzymes and found no significant dif-
ference in the esterase ‘lava'ls between heople who had fonnula_ted
herbicides for up to 20 :.rgari versus controls. Poland et al, .v
(1971) studied 73 male employees fn a factory where 2,4-D vas
manufactured and faﬁnd ch]afam in 18% of thos studied. How~
ever, the tncidence of chioii,éiw .sas not cerrelated with job
Yocation in tha" plant.  Johnson (197.1) noted no genétic effects
on 220 men exposed to 30-40 mg i’.‘l.-D/day. Hayes {1971)

stated that the oral dose of 2,4-D required to .produce‘in-
noss in man is probabiy'.“:;% gd. An intravenous dose of 2.0 g.
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' produced no iilﬁess. but-3'6 g-prcduced'coma fibrillary twitch-

" 4ny of some musc?es. hyporaf1ex1a. and urinary incontinence.

. Mammals killed hy lavge doaes of 2,@-9 are thought to die of

ventricular fi#tillatiqn. Treatment for 2,4-D poisoning is
symptomatic. '

Stabi}i:y and Degradat!on

~ Aly and Faust (396&) ﬁetnuposad 2 4-0 with a UV Tamp. Thay
found that decomposition Was more rapid at pH 9 than pH 7. They
ﬂrdid not fesl that uy. frnm sunlight wuuld deconpose the herbictide.
© Daly (1971) found that tha butoxyethaml ester of 2,4-D (BEE-
2,4-D) and a!sql2,4-n Qegrpded (apddly under conditions of in-

o tense light andlhigﬁttéﬁﬁsratﬁto. He found that UV light da-

graded 50% of a solutton of;Bgieg;ﬂkﬁ to volatile products
in 12 hours. o

_ Crosby (1969), Crosby and Tutass (1966}, Croshy and Li (1969)
and Crosby and Nhnd (1973! found that aqueous solutions of 2,4-D
ara photolyzed through 8. sarias nf reactive intermediates with’

replacemant of the chlorinas by hydroxyl groups and cleavage of =~
the ether bond. Among the 9h°t°13tic products are 2,4- dichloro-y°”"

phenol, 4-chlorocatechod, 2~hydroxy-4-¢hlorophenoxyacetic acid,
and 1,2,4-benzénetriol. The latter 15 then converted via a non-

photochemical oxidation o a nontoxie polymeric humlc acid.
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Crosby ard Wong (1973} réporféd that side-chain degradation was
oxygen.ﬂepéﬂdegﬁléﬂd waé mm§e rapfd ai pH 8 than at pH 2, but.
that r{ﬁg reégiioﬁgldid?ﬁﬁtlrEQUire oxygén. They further stated
that the disé}acyment.b#“éﬁ}prido,frum the_photo;éxcited ring
by hydrbxide%jcni ﬁthpﬁLdipindgﬁt‘énd the fin@l degradation
products (cbn&énsqffdﬁﬁﬁfdaﬁct§) were the’resu!t'of fonic and

~oxidative combin;tiohs Qithksuhstfates.-i
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BMA-Z.4-D ‘!s recomeaded ‘Fur use primarily on bread-leaved
plants. The primaty aquatic—raiatad uses are for control of
weeds on 1rrigation canal banks. control of waterhyacinth, and
Icontro1 of Eurasian uatar mﬁlfoii It 1s also used to control
other aquatic plants such a8 1ntus, arrowhead, waterlily, and
smartweed, but on a Iesser scala. Treatment should be carried
out when plantsrare yuung and a:t1vely growing before the bud or
early Mocm staga (ussa, 3970; Corns and Gupta, 1971; DeRigo,

T De!laney, 1957. 'rhom m Dutfy, 1968). General aquatic

app!ication fbr emorsed plants is 2 2 kgfha in 400-600 Viters

of water, A “sticking agent 15 somatimes anployed. Normally,

- no move than tuo appiications shou1d be made per year except |
" for possible spot treatment. Grover et al. (1972} found that
3~4¥ of DHA-Q,Q-D and the buty!ester drifted off the target

ares as drop!ets and an, ndditianal 25-305 of the butylester
drifted off as a vapor mass within 30 minutes after spraying.
Therefore, no treatment shouid ba mada when wind velocity exceeds
10 mph or gndar.r?iny.cpnéitigns. Treatment along ditch banks
or othgr'moving!gatgr'shbﬁjé-@%fdéna’ih an upstrean direction to

avotd large concentrations #f fﬁe'hhemicai. tthen a body of
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water 1s nearly coverad with an undesirab1e plant, only part of
the water shou?d be treated at one time to avoid the possib111ty

of BOD prpb?ems from the depompos1ng vegetation.

Thefe aré—cohfiictihﬁ,rhpprts.regard1ng the disappearance of

2,4-0 from water._ A]y-and Faust (1964) repbfted that 2,4~D per-
sisted fbr 120 days in-lake water-that was aerobically incubated
in the 1aboratony wharaas esters of 2,4-D under similar treat-
ment were hydroiyzed b1ologicn11y to the acid in 9 days. They
further reportad that 81-85% of the 2, 4-D was decomposed bio-
Iogically in lake muds within 24 hours but only after extensive
microblal adaptation techniques. Faust and Suffett {1966) veri-
fied these results. Houever. Da1y (1971) reported that BEE-2,4-D -
“degraded to 2, 4-9 within 24 hours in systems containing Tiving
material, pond water. polluted ‘water, or water with watermilfoil.

A1l systems prnduced lqcaé. but polluted water produced the most,

Rogoff (1951) discussed the ox%dation by bacteria of aromatic
compounds including 2 4—0 Anderson et al. (1968), utilizing

2,4-D as the so1e carbon source, 1soiated a strain of Aerobacter ‘?;Lw

sp, which decamposed 90% of tha 2, 4~D in 15 days. Bell (1957,

1960) 1solated an Achromobacter species which could decompose

2,4-D, He reported that 99% of the ch1or1ne was released as

chloride, He further_stated that requ1rements for rapid oxidation
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facluded a free ortho position, tuo or less chlorine substi-
tutfons on the ring? 3 5§2§;ch1orine substitution, and a free
I;ida-chain carhnxyiﬂétnup'gggg to the ether Vinkage. Others
(Rahack‘gg_g],;-1953;_5teensup and Walker, 1956 and 1958; Rogoff
‘and Reld, 1958) Have %eﬁsétéd”aagridation of 2,4-D by nicro-

organisms in the geaara Flavobacterium, Achromobacter, and -

Coxyne. Aerchic. cnnditﬁons uera found to be essential, and deqra-' U

dation was attributed to the formation of adaptive enzymes. Halk- i

er and Newman {1558) réborted fhat a culture of Mycoplasma sp.
decumposed 2,#-8, while Hﬁdemqyer (1966) found a pratozoan and
paramecium which cou?d matabnlize 2,4-D.

Linscott et al, (1958) stated that the resistance of alfalfa
to 2 4-dichlor09henoxybutyric acld (2,4-DB) may result from the
synthesis of inactiva chlorophenoxy conpounds having larger side
chains than the parent cqmppund. thus preventing ggggyoxidation

ta the tox{i: paren% ch&mﬁbal,“

Faust et al. (195]) repﬁr#ed objectionable odors in water
treated with 2,40, and.conciuded tha odors resulted from pro-'
duction of phenols from the herbicide. Faust and Aly (1963) re-
ported that 2,4-d1ch10ropheﬁo1'(Z,Q-DCP) was metabolized slowly
under efther acid or anzerobic conditions. Activated carbon was

capabla of removing 2,4-D and 2,4-DCP from water, whereas
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strongly basic anion-exchange resins sorbed 2,4-0CP and Na-2,4-D
" but not the esters of 2,4-D (Faust and Suffet, 1966}, Inglis -
and Davis (1968) found that hardnesses ranging from 13-365
mg/iiter CaCOg -had no sighificant effect on the tox1city of
organic: herbicides to fish. ; | B

A brief summary of the eificacy of 2 4 D is Visted in Table 1
The data are. primarily ra]atedwtc aqvatic plants, Exceptions are
where the: applications may have had an affect on vegetable crops
(via 1rrigation} or affects nn wild!ife. Most emersed broad-
leaved aquatic plants are. ccntroiled by z,f-D Aquatic grasses
and submersed species are not controlled or require massive doses -

Jf the herbicida for control
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TOXICITY

The toxicity of 2,4-D depends greatly on the formilation.
For example, Saﬁdarsi(?970] reported the following Tlgg
values at 48 hqurﬁlfar gggggjg.ggggg5 propylenaglycobutyl
ester, 0,1 mg/liter; HHA~2;4~5, 4 mg/itter; and BEE-2,4-D,
5.6 mgl]iter. ' ' ‘

Lawrence (Iészb) reported that 80% of the Jargemouth bass
exposed to 1 ma/1iter DMA-2,4-D diedf}n 72 hours. On the other
extreme, Stickel (1954) reported an LDgy of 56,776 mg/kg at
94 days for adu1; Coturnix quail.

Table 2 is a compilétinn‘of toxicity data in which specific
amounts of the-herbicida aﬁd specific mortalities were reported_
by various authors. The remainder of the toxicity data 1s sum-

marized on the fbl}ewing\pages.

Plants. Elder gt al. (1970) reported that 2,4-D exhibited low
toxicity to all_frésﬁ;atef ahd marine algal organisms tested
at rates approaching the éaxigum solubility of the herbicide
in water. DeRigo (1964)_found‘that 2,4-D injured commercially
grown Chinese waterchestnut; A singla annual app]iﬁation of
6.7 kg 2,4-D/ha 1n diesel fuel was found to be effective for
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cattail contfni'with no &aléteﬁious effects on the biological
activity 6f sewagéliagoons-frbm repeated applications (Corns
and Gupta, 1971). Klefnschmidt (1969) found that 2,4-D gave
good control ofjﬂydrflla vertjcillhta while others (Daly, 1971;
Haven, 1963; Smith and Isom, 1967; Wojtaltk et al., 1971) re-
ported contrn!;éf Euraiianfﬁ;termilfoi! with DMA-2.4;D or BEE~
2,4-D. Hildebrand:(1946), Schultz and Harman (1974), and
Schultz and whitnqy (1974) reported that waterhyacinth could be
cuntro!led by 2 4-0 Lapham (1964) controlled alligatorweed
with a combination of 2,4-0 and dichlobent] while Foret {1967)
‘uged 2,4-D to ‘control Elodea canadeﬂsis. Pierce {1960, 1961)

found that 2,4-D eliminated Nymphaea odorata and Brasenia sp.,

reduced Utricqlarfa pgrpuréa,'hutiseamed to accelerate growth
~of Potamogeton spp. She also reported that 2,4-D in combination
with other herbicides was toxic to Potamogeton crispus and

several other Qquatic plaﬁts'(lssa, 1969).

Several authors (USDA 1968; Lawrence. 1962a) have compiled
references daa]ing with tha toxicity of herbicides to aquatic -f 
plants while others {DgVanqy, 1967; Lawrence, 1962b; Mullison,
1870; Gangstad.f1§72; and:Piméntel; 1971) have revieswed the
toxicity of Z,AADjﬁo ﬁighe; aquatic plants, algae, fish, and

non-target'organisms.




23

The tﬁkicity of 2;4-5 to terrestrial plants s well known
and too Iangthy to documant. Keith et al. (1959) reported a
decrease n pocket gophars due to the reduction of food plants
, such as danﬂa]ion, agaseris, uastern yarrow, and penstemon.
Krefting and Hansan (!963) improvad deer habitat by top-killing
‘mountnin mapla-ﬂith 2.4*9. Tha herbicida also increased coni-
~ fer sprouts and stfmulatad regrauth of maple sprouts, both of
which are axcellant deer hrawse. Haa et al. (1973) found that
the oil-so]ubla am!aa fbrmulations wera absorbed faster by sun-
flower Ieavos than the uater»sn!ubla amiaes. therehy decreasing
the length of time for. death of the plant.

Microorganisms. Petruk (1955) addad 2,8-D to fish nursery ponds
-and found an 1n§rease in microorganisns in 2 to 3 days. The
total numders dacransed aftar 12 days but reachad the initial
" value again 1n 23 to 35 days Ha stated that the herbicide
| stfmulated hatarotrephic organisms which 1ncreased the reservoir

productivlty. o

lnvartehrates.'tﬁutier {i;ss)'fdund ro effect on the growth of
ocysier shell a?fér Qalhours expasﬁre to 2 ﬁg{!iter of 2,4-D,

He also uoted no-effect of 2 mgl!itar on brown shrimp after 24
hours* exposurz. in stat1¢_biaassays. 10 wg/11ter of BEE-2,3-D
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had no effect on grass shr'lmp (Hansan et al., 1973). The same

%

- authors reported that grass shrlmp avotded 2,4-D but not § in-

. secticides. Halgh (wm found that 5-mg/1iter of DMA-2,4-D had
" no effect. on hlue crahs aftar 24 or 48 hours’ exposure and that
| mgflitar had no-tazic effact on Eastern oysters at 96 hours®

Ha!kcr (1953) raportad that 2 R0 decreased the number of

. bottom organisms 1n ponds. presumabiy through vremoval of cover
or fead, HNo adverse effacts uera noted on benthos or other
aquatic 1nvurtthates 1n_larga-scaia tield applications of
BEE-2,8-D (Beaven ot al., 19625 Sears and Meehan, 1971; Smith
and Isom, 1967; Thonas and ndffy,'wﬁa; Whitney, 1970), In
another study, Rawls (1965) found ‘that only the acetamide formu-
lation was toxic to aquatic invertehratas at fleld application

ratas.

Adams (1950) and Adams and Dreu (1965) reportad that applii-
catlons of 2,4-D tould anhanca aphid infestations of oat Fields
'by the toxic ef?acts on the ‘toceingllid larvae, which bio-
Togically control the aphid f

Moffett and Morton {19?1) and Hoffett et al, (1972) found
that 2,4~D was nontoxic to honeybees when appifed in a water

carrier, but oil carriers themselves were toxic. Beilman (1950}
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sprayed -shrubs along roads with 2,4-D and assumed bees could
not use the area. Surprisingly, the shrubs were replaced by

sweet clover which rasulted 4n good honay production.

Thera was no effect on the survival of earthvorms treated
for 2 hours fn 100 ng/liter of 2,4-D (Martin and Wiggans, 1959),
Reither was the herbicide toxic to wireworms, spring tails,
mites, or grasshopper;,(?qx,-]QGd; Putnam, 1949). The repro-
duction:of"ﬁfgnt hérasigjc nematodes was inhibited by 5 mg/liter -
ErdlimpaivEd 5§'8 ug/1iter of 2,4-D (Webster and Lowe, 1966).
Reviews dealing with the effect of 2,4-D on invertebrates in-
ctude those by USDA (1968}, Bohmont (1967), Mullison (1970),
and Pimentel (1971). SR

Fish. The ear]ie;t reﬁbrt déaling with the toxicity of 2,4-D to
fish is that of King a;d Penfound (1946). They reported that 1
w9/ 1iter was nnt_tﬁifc_to biuegi}ls or largemouth bass and 100
mgfliter waé only slightly toxtc. The herbicide DMA-2,4-D was

not toxic to fry of b]uggi!l; greeﬁ sunfish, lake chubsucker, or
sma?]ﬁouth bags exposed to'zs mg/1iter for & days (iiiltebran,
1967). Butler (1965} found no effect on longnose killifish treat-
ed for 48 hours with 15 mg/1iter of DMA-2,4-D. There were no mor-
talitieslin bluegill exposed to § mg/1iter of 2,4-D for § weeks
{Cope et al., 1970}, and 10 mg/iiter was not toxic to ﬁquawfish
(MacPhee and Rue11e,.19$9}.‘ Sergeant et al. (1971) found

that the acid and salt formulations of 2,4-D were non-toxic to




26

grean 5""ff5h at 110 mglliter. ‘However, BEE-2,4-D was toxic at S

~ the same coacantrat!on. Thera was no toxicity to fish noted {n

‘1arge-scale‘f1916 applicat}ons of BEE-2,4-D or DMA-2,4-D (Beaven _ﬁif‘

 etal., 1962 Sears ‘and. Meehan, 19715 Whitney, 1970; Wojtalik

et a1.;-197i) In another fier study. Smith-and Isom {1967) re- -

ported that f!sh tempararily moved out of an area treated with
BEE-2,4~D, but no toxicity was noted

_ Summardes or'refarancés'to*fish toxdcity data are given in
USDA, 1968 Bohmont. 196?;.Lawrence. 19623 Mullison, 1970; and -
Pimentel, 1971 '

Amphibians. Frogs ahd'tﬁities sﬁawed no toxic effects from 2,4-D
treatment of ponds (Pierqn, 196]) Sanders (5950) reported that
tadpoles of the Hestern Chorus Frog withstood 50 mg/1iter of
DMA-Z +4-D for 96 hours. o

" Birds. Fertila hen eggs talerated injected doses of 50 mg/liter nf -

2,48-D with no ef?ect on hatching (Dunachie and Fletcher, 1970).

In the same study. the only teratoyanic effect was feather blanch- - -

‘ ing, which was’ not fatal. Somers et al. {1973} sprayed fertile
chick eggs with the recommended field rate, and 10 and 20 times
the recommended rate. They found no tnxic effects on Incubation

performance, ﬁatching. or growth of the chicks. Daily doses of

R



Y3

300 mg}kg of 2;#-3 for seéefaimwaeks were not toxic to chickens
,_(ﬂjorklund and Erne, 1966) whitehead and Pettigrew (1972)
found that chicks talerated a dtatany Tevel of 5,000 ma/kg for
1 week without tcxiq effacts Schultz and Whitnay (19?4]
reported that field appl%cation of 2 4-9 had no effect on the
. hatching of boat»tai?ad grackle eggs or development of fledgl-

ings. B ,q-_;?ﬁ?;

ﬁammals. Hanseﬂ et ali (19?1) fad vats 1,250 mg/kg and beagles
500 mglkg of dietany 2.4-0 for 2 years with no toxic effects.
| Seven doses of the qlkann?amﬂne salt of 2,4-D at 500 mg/kg was
. fatal to sheep and 44 doseﬁ af“ZOG mgfkg was fatal to cattle
{Palmer and Radalaff, 1964) In the sama study, nine doses of
the propylene glycol butyi ethar ester of 2,4-D at a level of

250 mg/kg was fatal to sheep. Repeated daily doses of 50 mg/kg of

2,8-D were fatal ta pigs {Bjark]und and Erne, 1966). Mo toxicity
to cattle wis no;ed uhen thay ingastad forage from pastures
sprayed with narma1 o? 2to 8 timaa the recommended rate of the
herbicide (Mitchal] et aI,. 1945. Grigsby and Farwell, 1950).
Hassall (1965). stated that anima]a should be excluded from
sprayed areas fbr 2 weaks to: eliminata possible toxic effects
of the herbicida and also because naturally poisonous weeds may

T e, x
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be rendered more palatable after spraying. Clegg (1971) report-
ed no effects ?t'zsimg/kg:of 2.4~P and further stated that no

proeblems ﬁoulﬂ_#e aht!ciﬁaiediif dioxin contamipation was not

& problem.

Human safaty. Sbmn humana avidantly have {ndividual sensitivity
. to 2 4-D or tha other cuntents of the formulation (ﬁnonymous,
1956; Berklay and Hagea. 1962). One. individual accidently in-

~ gested about 11a ﬁg}kg'bady uaight without fatal results {Ber-
wick, 1970). Hayes (19711 stated that the oral dose of 2,4-D
.required to produca 111ness in man 13 about 3 to 4 g. An intra-
venous dase cf_2.0 g producd@ no 111ness but an intravenous

dose of 3.6 g brodu¢ed'comé; hyporeflexfa and urinary inconti-
nence. Recovery was ﬁarkedxin 24 hnurs and complete in 48 hours.
An oral dose of 6,5 ¢ Taﬂ to convulsfons, fol!oued by death,
genatic effects were noted 1n 220 men exposed to 30 to 40 mg of
2,4-D/day over eutended periods (Johnson. 1971).
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- Methodoldgy. »Tﬁé'Qé?ibé; fbfﬁm1at1pns of 2,4-D are recovered
from water hg'tiéitingighé;aéter with acid or base, partition-
ing with an orgahic sé!#ﬁnt;"fbilowed'by a'column cleanup and
_'derivatizaggon for g!c analysis {Davine and 2weig. 1969; Faust
and Soffet, 1956; Schultz, 1973; Schultz and Harman, 1974;
Schultz and Nhitaqy, 1978; ﬁilder. 1968), Hesselberg and John-
~ son (1972) and Rodgers and Stalling (1972) used column ex-
tractions for 2 4D rasidugs 1n fish, Coakley et al {1964)
and Duyffy-and. Shaldan (3967) gave procedures for extracting
BEE-2,4-D from sheﬂ!fish and fish. Procedures for extracting
2,4-0 from mud entail tha use  of methanol, acetone, or ethyl

ether combined‘ﬁith other gieahup procedures (Hesselberg and
Johnson, 1972; Schultz, 1973; and Woodham et al., 1971).

Procedures for'extraéting”2.4¥Dlresidues from fatty foods,
animal broducts. and animal tissues utilize solvent extraction,
partitioning wfth Basé,.sokhalét éx;raction, and cleanup pro-
cadures (G.S._Dapf; HEQ;¥1§£8;'CI§rk. et al., 1967; Crosby and
Bowers, 19665 Yip, 1971), |
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Maaghéf (1966a, 1966b) gave prucadures for extracting 2,4-D,
the 1sopropy1 ester of 2 4—9. nd a 2,4-D conjugate from citrus
peel, while Gutenmann and:ngk (1983) and Yip (1962) gave pro-

cedures for Hétéﬁﬁiﬁing-?.&éb §é51duas_1n forage crops.

RMmuaamummmmu(mnmmmmmr&'

. fbr determinatiaa of 2,4—0 in human urina and blood,

Y

Garbrecht (1970) and Scoggins and Fitzgerald (1969) reportad
asterification prncedures fOr .chlorophenoxy acids prior to glc
-analysis. Purknyastha (1969) detected 1onizable herbicides by

means, of e1ectrophores1s.

Residues. The persistenca of 2,4-D 1n water has been reported
by many workers.‘ Averitt'(1967) sprayed waters in Loutsiana
with DMA-2,4-D at the rnte of 4 48 kg/hs and found maximum con-

centrations of ?27 ug/liter and 1,020 ug/liter after 1 week in _
middle and bsttum strata of water. ‘respectively. After 3 weeks, o
';oncentrations had fallen to 12 ug/lfter and 10 ug/liter, re- .*-

spectively, He' a1so sprayad two lagoons at the same rate and
found concentrations of 689. ug/liter and 967 ug/liter after 1
day and 11 ugflitgr and 19 ugllitur after 31 days. Grzenda
(1963) treated ponds with 0,6 ug/iiter. After 62 days residues
were less than I_ugfiiteéf_ Kletnschmidt (1969) reported detect-
abie levels of'residues-{; water-tféatéd with BE§-2,4-D for up




3

to 22 days but stated that no residues could be detected after

- 29 days. Frank;and'80mes (1967) treated ponds with 1.33

mg/liter BE£-2;4~D'and fquﬁd only 0.024 mg/liter 1 day post=’

treatment and !ess thaniﬁ}ﬂﬂ}_mﬁ/liter'after 35'days; Ia ponds

_treata& at_8.96'kﬁihﬁ}uréiiduaé_&eélined from 0,34 mg/liter and

0.69 mg/liﬁer #ffef”ilﬁayxih Flbr%da and Georgla ponds, re-

spactivaly, to Iess than 0.005 mg}liter by 28 days (Schultz and

Harman, 1974). In ﬁissouri ponds treated at the same rate it |

| took 56 days for residug; to,daciina to less than 0,005 ug/liter. “s%f_ R
The highest residue foun#iin water sprayed at 4.48 kg/ha of an

efl-goluble amine salt of 2,4-D w;s 37 ug/iiter, 1 day posts _
treatment (Sﬁhaltz and Hhiipqy.-lQ?#). When frrigation ditch- _ o ,
banks were treaféd“ét'l;S&'tﬁ 3,36 ka/ha 2,4-D, the maximum con- | N
centration founﬂ-in the canals was 223 ug/11ter and 25 to €) o :  }
un/liter 1n the 1rrigation watev (Bartley and Hattrup, }970 | B
Frank et al., 1970}, Maﬂigold and Schulza (1969) reported a
residue of 0.35|ﬁé{11t¢r in 15 out of 20 stations, while Brown
and Nishioka {1§5?)y?bﬁ§&“nb;hsrbiciQe.residues from streams
analyzed far 2,4-D asﬁﬁart of the National Pesticide Monitoring .
Progran, | o : - é

Schaartz (1967}, utixing 196-2,4-, reported that 60% of
the 18C remcined in ﬁeuaﬁe effluent for 3 to 6 months, However,
he determined cn}yg3§c'aﬁd nat'actualgi;ﬁmﬂ. QOysters and clams




contained betwaen -3.5 and' 3.7 mglkg of 2,4-D after axposurs for
3 days to an app'lication of 33.6 kgfha {Coakley et al,, 1964).

" Saith and. Isom (1967] r'eported ‘a maximm concentration of 1,12

mglkg *In mussa!s taken from water treated at 44.8 to 112 kg/ha
of BEE—Z 4-0 Oysters conta'lned midm of 1.45 mg/kg after

. treatment of 4.8 kglha of BEE-2 »4-D (Themas and Duffy, 1968).
Vojtalik et gl. (19N )\ raportad ‘that plankton contained 3.6

© ug/kg 4 weeks after Itfleatmﬁt at 43.8 kg/ha DMA-2,4-D. Whitney
(1970) reported timt the highest midua in benthic organisms
(grass shrlmp, damse‘lﬂy nymphs. and scud) was 0.23 mg/kg 24

- . hours Pbst-treatment and thnt m!duas fn blue crabs never ex-

B ceeded 0.10 Wkg. R

Sears {1973} fmmd t!m mim concantration was 0,5 mg/kg
in fish from stmm adjqcaat to cut-ovar land sprayed with
~ 2,4-D, while Cope et al : {1970) could detect no 2,4-D. in fish 4
days after treatmsut with up to 10.0 mg/iiter of. 2,4-D in ponds. _
Ha‘lsh (1971) l‘epor’ted no res‘lduas of 2,4-D 1n #ish fed 10 mg/kg
1n their foud for 2 mks and 8.4 mglliter in fish fed 100
mg/1itar fnr 2 ueeks. ﬂu residues were detected 1n the latter
fish after being fed a harhicida-?m diet for 2 weeks. Rodgers
and Stal'ﬂng (1972) faund that whoia body or tissue residues in
" rainbow trout, lﬂtmgﬂl. and chanml catfish were proportional
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to the exposure cnnceniration. Only the liver contained de-
tectable quantities of BEE-2,4-D, whereas the other organs
contained only the acid with the highest concentration in

bile. Schultz (1973) exposed Pish to '3C-DiA-2,4-D and found
radfoactive residues uSiqpitou§:for'84 days. However, the actual
2,4-D cnnt#nt Qas negliéib?e. “ﬁﬁpng three groups of ponds treat-
ed at rates of 2.24, 4,48, or 8.96 kg/ha of 2,4-D, Schultz

and Harman (1974) found no residnas in fish 14 days post-treat-
ment in F!orida pomds a residue of 0.075 mg/kg in bluegill

from Georgia pands, and no residues 28 days post-treatmant in
fish from Missouri ponds. Of fish taken from Florida canals
sprayed at 4.48 kg/ha of 2,4-D, only 3 contafned residues as
high as 0.1 mgfkg, 16 had Iess than 0.01 mg/kg, and 41 had no de-
tectable residues (Schultx and Whitney, 1974), uhitney (1970)
reported that the highest residues in Tish were 0.23 mg/kg in
largemouth bass #s a fésylt;of treating 200 acres of Eurasian
uatermi]foilvuﬂth BEE-2, 449' uhfla Smith and Isom {1967) re-
ported a maximum residua of D 29 mg/kg in Tish from an area
treated for milfoi1 contrnl.

Breast muscle and 1iver of Florida gallinules contained
2,4-D res{dues of 0.30tand 0.68 mg/kg, respectively, 1 day,
and no detectable rasidues 4 da}s'after canals at Loxahatchee
National Wildlife Refuge were sprayed with 2,4-D for wate}—
hyacinth control (Schultz and Whitney, 1974).



"
Residues were datectaﬂ in mud for up to 6 weeks from ponds
treated at 0 1 mg!”l‘lter to' 19 mgﬂitar (Cope et al,, 1970).
Frank and Cms (195?) reported midues of 4.96 mg/kg, 0.06

ma/kg, and Tess than 0.005 mg!kg 1n mud fruu ponds 1, 36, and
85 days post-tmmt uith W 33-519/1 ftar concentration of

© 2,4-D. Mud from F'a‘orida and Georgia ponds treated at 2.24,

4,43, or 8.96 ko/ha of 2 4-D conta*lmd no residues exceed'ing
0,05 mg}kg Mud from lﬂmuri ponds treated similarly contain-

ed a maximnm res'idue of 0‘17 mgjkg at 3 days and no detectable
 residue 28 days after tmtmnz (Schultz and Harman, 1974).
: The maximn res'ldue 1n nmd 7ms Loxahatchee Refuge was 0,008

ma/kg 15 days post-treltmant ulth 4.48 kg/ha of 2, 8-D (Schultz
| and l»lh'ltney. 1974) Hojtalik at a‘l. (197'!) reported resi{dues
of 0.30 mg/kg in mud 2 months after treatment at 22 4 or 44.8
kg/ha of DMA-2, 4-0 and residues lass tlun 0.10 mg/kg 6 months
paat—treament. N

Cope et al. t\sm) repcrtaﬂ that metat!on from ponds treat-
ed with 0.1 to m 0 mg/liter of 2.4-1) ccatainad res{dues for up
Ito 6 weeks. saith and Isma (1967] fouud that Eurasian watermil-
‘ | foll contajned 3.26 mgfkg 24 hours after treatment at either 44.8
or 112 kg/ha of- BEE—2,4-D. .




R
~ When rats wéra fe& iﬁaiﬁé ]40-2 4-D, all tissues &nd organs
examined nonta!ned radioactiva materia! 6 to 8 hours after the
dose. This radicactive residue pers1sted for 17 hours. The
Ilarges; amount -of residua.was 1,690 ug/0.1 g dry tissue found
~in the stamachiof rats éé“hSurs aftar a dosage of 80 mg (Khanna

~ and Fang, 1966), Zie‘imsk‘l and F‘Ishbe?n (1967) reported that

" esters of 2.4-0 disappearad more rapidly than the free acld in

mice fed various 2,4-D fbrmujations. Only about 10% of the
2,4-D was recoversble 24 hours after treatment. No 2,4-DCP was
detected in animals 1njectad'with52,4-b or 1ts butyl or iso-

octyl ester.

~ Less than 0.05 mg/kKg 2,4-D or 2,4-DCP was found in tﬁe milk
or crean of cows fed 30 01,000 mg/kg dietary 2,4-D for 2 to 3
weeks and_thgﬁ_éléced on Qntraateaifead for 1 week {Leng, 1972).
Negiigible residues (1e$s thap,0.1 mg/kg) were found in the mus~
cle and fat of-slaughteréd animals fed 2,4-D for 4 weeks at 300
mg/kg. Cows fad 300. 1 000. or 3 000 mg/kg of 2,4-D contained
residues of 1. 1 4.9, and 5.3 mg/kg, vespeciively, in their kid-
- neys. Residues 1n-shaapdyeru ‘simflar to those found in cows,
There was no withdrawai peridd in the latter two studfes (Leng,
1972). When a steer was fed 113.5 mg of 2,4-D, 100.65 ug was

recovered in tha urine {Lisk g_!:_.g_l_., 1963). Gutermann et al.




(1963) fed a Jarsey cov 5 mg!kg D? 2, 4—0 in gratn for & days
Ho residues werg detacted 1n ﬁaiiy samples of milk or feces.
Thay ‘also fed a hei?ar 5 mg}kg and teok samples from a fistnla

over a 23—huur period Re:nvaay of 2 4-0 dropped from 3.5 : 5
linitialiy to 0.5 mg/kg at tha end of tha experimantnl period. ) ﬁfg{f@

:Metabnlites and dagradatian pruducts, Extensive studies have -
been canducted on the dagrad;tign and metabolism of 2 4-D by -':-ng:g'_
bacteria. Bell (195?. 1950} reported that an Achromobacter ’ -‘JEV
spacies isolatad from sail wbuid degrada 2 4-0 via oxidaticn. | =

| He reported that abcut 945 of tha chlorine from 2,4-D was re-

Teased as chlaride. Andersnn and Okrend (1968) found an

Aercbacter species which degraded z 4~D by 90% 4n 15 days. A

species of thhrnbacter cleaved the ether 14nkage of 2,4-D ace-

tate resulting. through oxjdation, 1n 2 JA-DCP (Tiedje and Alex-

ander, 1969). The enzyme responsib!a for th1s claavage convert-

ed l4c-acetate-2,4-n to aluninerand a vo!atile product. The

. authors propnsed that glyoxylata wag the fnitial product formad
in cleavage of the side chain and that alanine was produced by -

condensation of two mnleculas of eithar alyoxylate or glycine.

Tied]e et al. {1959) rapnrted that 2 4-D‘was metabolized by an

enzyme preparation tolsuccinic_acid._ An enzyme from an extract

of an Arthrobacter sﬁecies-&eha1bgéhated 2,4-0) and produced

2,4-DCP which was, in turn, further metabo!ized (Loos et al.,
1967). Other wnrkars fbund that extracts from an Arthrobacter




iy

species would degrade 2.4~DCP. and other secondary degradation

", - products of 2,4-D (Bollag et a}.. 19682, 1968b, Duxbury et al.,

19?0)

?aulkner and Hbodcnck:tiééij'stﬁiea'thai Aspergillus niger
would metaboliza 2,4-D ta”2.4-dichloro~S-hydroxyphenoxy-acetic |

acid while Steenson and Hi?ﬁnr (1958) reported transformation
o ~of 2,4-D-Into. 2.4-009 hr q strajn o? F!avohacterium peregrinum,

Rogoff and Reld (1954) repnrtad a gggx na bacterium which metaboe
11zed 2,4-D in buffered so]ution with a quantitative yiaid of
chioride fon. Two. Pseudnmonas strains from sofl utilized 2 40
as a sola carbon source (Evans et a1., 1971}, One of the
pseudomonads converted 2,4-D to 2,4-DCP, 2-chlorophenol,3,5-

dich!orophennl ‘and alp -chioromnconate. The second Pseudomonad
" metaboi{zed 2.4~D to 2 4-d1chlnrn-ﬁ-hydrvxyphenaxyhacetate,

2,4-DCP, 3,5-d1chlorocatechol and al hafg““__ydichloramuconate.
The authors found that dechloriaation had to occur at the

4 (para) position before fing fission eauld oceur. - Gaunt and
Evans (1971) and ‘Gamar. and Gauat (2971) found that a 2,4-D ana-
log was metabolized 1n similar fasbion to that above. Apparent-
1y, tha fnrmation of adaptjva anxymes is necessary for the rapid
degradation of 2,4-D (Rﬂbeck et al,, 1963; Schwartz, 1967; Steen-
son and Walker, 1956; and Ba]ker and Neuman, 1956).
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Daly (1971) found that-__gs'_'g-a;a-n was degraded to 2,4-D in
systems containiﬁg’!iving-mﬁgérjai, pond water, polluted waier.:
and water with milfoll, whilélaodgars and Stalling (1972) re-
ported thgt the hydrolysis of BEE-2,4-D tb 2,4-D was accelerated
by the presencé"of fish. The sodium salt of 4-(2, 4-dichioro~
phenoxyhutyric acid) [4-(2.4-03)]. on analog of 2,4-D, was con-
verted to 2,4-0 by fish (Gutmnn and L!sk. 1965), also Lisk
et al. (1963), reported that stears fed 4-(2,4-DB) eliminated
it in the urine as 2.4-0. Hhen figh were exposed to DMA-Z,{_D,
one of the major metabolites was a glucurontde (Schuitz, 1973).

The majority of the 2,4.D fed to rats was excreted unchanged
fn the urine (Shafik et al., 1971). Mitchell et al. (1946) re-
ported Finding 2,4-D (prohahﬁy as a salt) in the blond serum of
cows fed forage treated with-z.d-n. Efsner et a1. (1971} re-
parted finding 2,5-dichlorophano} in the defensive froth of
grasshoppers and pastu'intad that. 1t was a degradation product
of the 2,4-D applied to vagatat*lan. Sheep fed 19C-2,4-D yielded
approximately 96% of the fntact molecule in the_urine in 12 hours
while less than 1.4% was excreted in the feces {Clark et al.,
1964), These authors fbuad littla radioactivity in edible tis-
sue and concluded that 2,4-0 uas excreted essentially unchanged

by sheep.
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In an early report of 2,4-D breakdown, Winston and Ritty
(1961) stated that under f1ald condftions 2,4-D was not de-
graded to 2 4-DCP but, rather, tn COZ, HC!. and - HZO Thomas

_.‘et al. (1964) reported that phﬁnoxyacetic acids with a chlorine
- atom at position 4 wera not read11y hydroxylated A heat=
-" ?abile, 1nsoluhle, conjugatad fonm~of Z 4-D was found in citrus
‘peel by Meagher (Isﬁﬁb) Ha specuiated ‘that the herbicidai
-‘}mmﬂecule was probably canjugatad with pectin. Linscott et al.
-(1968) and Hagin gt al. (19?0) reported that 4-(2,4-DB) and

2,4-D were converted to 1nact1ve compounds by resistant grasses,
These 1nact1va cnmpcunds had longer side chains than the parent
compound thus preventing Qgggﬁoxidation-and also preventing
subsequent translncation to the site of action. 'Freed-and
Montgomery (1969) reported that tha principal routes of metabo-
11sm of phenoxyacetic acids in p1ants were via conjugatian and
hydroxylation. Menzie (1969) and Loos (1969}, compiled ex-
tensive reviews of the degradation of 2 4-D In soil, plants,

bacteria, and animais. L

RS
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REGISTRATION STATUS

In the April 27, 1972 Federal Register (Vol. 37, Mo, 82)
the Envirommental Protettioﬁ Rgency and Food and Drug Admini-

stration (hEH) announceﬁ\tha 1ssuancs of praposed talerances..
for dimathylamine sait. 4-0 (nmn-a 4-0) used in control of
weeds on irrigation ditch hanks A 0.1-mg/1iter (negligible
residue) tolerqnce uas 1ssuad for ann-z 4-0 that may be present
in potable water onIy as a rasult of app]icatinn of DMA-2 -0 to
ditch banks 10 western Unitud Statas in programs of the following
grbups Bureau of Reclamltion; cooparat!ng water user organi-
zations; the Buraau of Sport Fisherfes and Wi1dvife, USDI, and
the Corps of Engineers, USBD {21 CFR Part 121). Liqestock are
to be excluded from treated ditch banks, and thera is no
reasonable expéctanﬁy of 2,4-D residues in milk or meat as a
mwnofmubmﬂtm#ﬁﬁ;m | !

At presgnt'there‘iafi’rgﬁﬁesf'for a label for use of DA~
2,4-D for confrol of”uéeé;?ph“irrigation canal banks. This
petition 1s spensored hy fhe Bureau of R-clamation and coope?a-
ting water users apd the Burepa of Sport Fisheries and Hildlif@.
UsDI, Agricultural Research Service. USDA; and the Corps of
Engtnecrs, USDD.
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The Corps of Engineers, USDD s also presently seeking a
label for the use of DMA-2,4-D for control of waterhyacinth
in moving waterﬁl Petitioﬁs hive also been supported by, or

submitted by, Amchem Prodncts, Ine. and the Dow Chemical
Caapany for other fbrmnIatlons of 2,4~D.

A copy of one propbsid Yabel has been appehded to this

manuscript.
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Table 1.-- Efffcacy data for 2,4-D on plants, Arranged alphabetically by authers. 2

Species

Concentration

Exposure

-

Formulation

Comments

Citations

Red Mexican beans

Sugar beets
Concord grape

Cattail

Eurasian watermilfoil

Lotus

Spatterdock

Kater chestnut

- Arrowarum .
teedlerush
Hibiscus
troundselbush
Hightide bush
Swamp loosestrife
¥iliow

Elodea Canadensis

2.28 kg/ha
6.72 kg/ha

0.51 8 2.72 kg
in water for
trrigation

2.24, 4.48, -
8.96, 17.9
kg/ha

6.7 kg/fha

4.48 kg/ha
2.24-4.48 kg/ha
6.72-8.96 kg/ha
6.72-7.84 kg/ha

33.6 kg/ha
7.84 kg/ha

1.81 kg/378.5
Titer water

4.48 and 6.72 kg/ha

2 months

Aeid

Acid

Acid

BEE

BEE

DMA combined
with
! molasses.

0.91 kg during seedling stage injured top growth

and roots but didn't reduce yield. 2.73 kg re-
duced yield 40%, 0.91 kg at bloom stage did not
reduce yield. 6.72 kg reduced yield 29%.

Both conrentrations Tethal during sééd1ing stage
and reduced stands in 1 in. diameter stage.
2.72 kg at 1 in. diameter stage reduced sucrose.

Lethal to 13, 33, 65, & 54% of plants respective-
1y, lesser conc. Mo effect. Root systems of in-
Jured plants partially destroyed, .

Single arnual application in 112.3 Titers diesel
fuel/na was effective for control. Ko effect on
biological activity at nearby sewage lagoces,

4,48 kg/ha gaﬁe 50% control in 2 months. 6.72
kg/ha gave 742 control in 2 months

Bruns, 1954

gruns, 1957

Bruns & Clore,
1958 -

Corus & Gupta,
1971

Daly, 197
DeVaney, 1867

Foret, 1967

€L



Table 1.-- Lontd

»

Comments

Species Concentration Exposure Formulation Citations
Materlily, lotus, Hot . Not good control for the last two. Not good for Frank et al., 1963
spatterdeck, pennywort, given use in frrigation canals due to lack of persist-

willow, sedge, smart-

vieed, cattail, arrow- .

head, pickere) weed,
bullrush, spikerush,
knot grass, needlerus
southern water grass,
5ago pondweed,
Imerican pondweed

furasian watermiifofil

Waterhyacinth

Dandetion
Agoseris

Western yarrow
Rydberg Penstemon

Hydrilla

Mountafn maple 0.

hy
. Hot given

1:1430 {acid:water W/V)
1:1140 {acid:water W/V)

Net given B

97 kg/ha

91 kg/13.25 1iter water

aeriai spray

A111gatorweed

Pithophora, Alli-
gatorweed, water-
kyacinth, duckweed,
waterstar grass

8.96 kg/ha

5 mg/1 in water, 100 mg/1
in water, 5 mg/1 sprayed on
plants

. 2-ethylhexyl
and Granglar
£E

Granular contain-
ing 20% BEE of

ence in the soil. The.first four were well con-
trolled by 2,4-D. On all plants between the first
4 and the last 2 cortrol was marginal.

Some reduction in amphipods and molluses probably
due to secondary effects such as smothering and

habitat changes.

Got SC-1002 kil

Reduction was by 91%, 99%, 85%, and 88% re-

"spectively.

Good controi

Used to top k111 maple and stimulate undgrﬁrowth
psed for deer browse. - :

Excelient control after 16 weeks when used with
dichlebenil.

% control for 5 mg/1 in Ha0 was 40, 40, 50,40, S0 re- .

spectively. ¥ contrel for 100 mg/1.1n Ho0 was 95,
90, 100, 100, 100 respectively. ¥ control for 5
mg/1 sprayed on piants was 35, 80, 100, 45, 95, re-
spectively, :

Haven, 1963

Hildebrand, 1246

Keith et al., 1959

Kleinschmidt, 1968 -

¥refting and
Hangen, 1983

Lapham, 1964

Lawrence, 1952&

W/



able 1.-- Contd

Species Concentration Exposure  Formulation Comments “titations
{yacinth 2.24-4. 48 kg/ha Amine salt - DMA “* Used for control in 1945 & 1948.50 Martin et al.,
\iligatorwead 8.96 kg/ha ' Used in }950-52 with spotty results, 1957
lymphaea odorata 1.5 mg/] 11 months Granular Nymphaea odorata eliminated by a1l 3 concen- Pierce, 15968
Potamogeton 3.1 mg/l trations. Potamogeton accelerated by 1.5
Jtricularia - mg/i. 3.1 and 6.2 mg/] reduced but did not

purpurea eliminate U. purpurea. _
Nymphaea odorata 10% a.e. 2t 0.9, 1.3 Aqua granular N. odoratz znd Brasenia sp. eliminated at all Pierce, 1961
Brasenia sp. E1.8m g}], 20% a.e. at concentrations. U. purpurea reduced but not
Utricularia purpurea @ 1.8, 2.6, & 3.6 ma/7. eliminated by 1.8, 2.6, & 3.6 mg/l.
Surface plants 1 mg/t; 2 mg/1. 8 weeks Applied in combination with fenac. Resulted in 50% Pierce, 1968
reduction in surface weads., Sprayed in combination
with endotha) at 2 mg/1, 50% clearing of surface -
noted in 8 weeks. No effect in Chara, Potamogetion,
_ common sedge, Tish or inverts.
Patamogeton crispus 2 mg/1. 3 weaks Applied with endothal. Hastened winter bud formu- Pierce, 1969
Tation and/or death of the plant in 3 weeks,
Waterhyacinth 4.48 kg/ha Anine(oil)- Emuls- General application was with the Emulsamine 3 Schultz and

furasfan waterm{ifoil

Eurasian watermilfoi}

Spring parsiey

Eurastan watermilfoi)

44,8-112 kg/ha,

10.156 metric tons
20% a.e./B0.94 ha.

Kot given

22,4-44.8 kg/ha

amine 3
M”Z .4-0
2,4-0 BEE

BEE

L3

DhA, PGBEE

DMA-2,4-D

. and spot treatment was with DMA-2,4-D

Ne adverse effects noted on mussels, ¢lams, aguatic
fauna or water quality.

Improved Habitat. Destroyed the milfoil.
in various flara and fauna from the treated area
are given.

2,4-D and 2,4,5-T controlled and detoxified spring
parsley.

No distiﬁguishab}e response apted in zo6 or

phytoplankton, benthic macroinvertebrates or fish.

Fish moved out of treated area .

Residues -

Whitney, 1974
Smith & Isom,:
1867
Hhitney, 1570

Wilifams, 1968

Wojtalik et al.,
19N ;




Table 2.-- Toxicity of 2,4-D.

Concentration

Water Testing :
Organitms Treatment Toxicity Exposure Temp Loading regime Comments < Citations
Concord grapes 2.24 kgfha  13% killed Lesser concentrations showed no effect. Bruns & Ligre,
£,48 ¢ 3 Roots partially destroyed. 19¢8 '
g.96 " B5% " .
17.¢ " 54 " . _
Oyster Tarva % mortality First 4 mortality figures from tests Davis & Hidg,
¢.025 mg/1 -5 with & 2,4-D ester. The rest of mor- T 1969
0.05 * -3 talities from tests with an unnamed
610 ¢ -20 2,4-D salt.
050 ¢ »2
g.025 " -16
g.05 * -2
0,16 * -7
g.25 " -8
6.50 *© -12
1.60 " =11
10.0¢ * -3
50,00 " -48
100.0 " 55
Saphnia magna -1¢50- 100 ug/g Immobilizatien concentration C’?SE% & Tucker,
Daphnia magna TL50-0.10 mgf1 48 hr, 21° ¢ ~ PGBRE Sanders, 1970b
n _4.0 L] H H . Dm i
" 5.6 " " " BEE
" Seed shrimp TLE0-0.32 ¥ 48 hr, 2y ¢ PGBE
v -80 " . " “UMA
14 _] .8 a [1] H BEE
Scud TLs0-2.6 " * “ PGBE
" .»100.0 " " DMA
] -2'2 n " # BEE
Sowbug 1Lso-2,2 48 hr. 15.8° ¢ ' T PGBE
a ->]00.0 i u " * I . M
¥ -3.9 v " ' - BEE

g .



Table 2.~~ Contd.

¥
Concentration Water Testing
Grgantsms Treatment — dToxieity Exposdre - Temp, ‘oading regime Comments . Citations
Glass shrimp TLEG-2.7 rg/f] 48 hr. 21° ¢ " PGRE
W >}00-0 n " . L) \ D[‘m
l.l - ].4 u n " BEE
Crayfish TL50->100.0 * 42 hr, 15.8° ¢ PGBE
>']00.0 [} 1] DMA
>100.0 " " ' BEE
Garmarus lacustris _LCE0-1400 ug/} 24 hr. 21 ¢ 2,4-0-BEE Sanders, 1969
{Scud) ' * -Flop ¢ " N *  <PGEE
L .6800 H n L] 1] _IOE
tcsg- 760 48 hr, u - 2,4-D-BEE
* -leap " i : u " -PGBE
L] _4500 L} L} 1] 11 -iUE
* . 450 ¢ 96 hr, # 2,4-D-BEE
H '1600 ] L] L] [ _PGBE
* -2400 “ T SI0E
There was no effect from 100mg/? DMA
after 96-hr.
Fiddler crab 10,000 mg/ka 100%{50%/72 hrs) 108 days Removed and  2,%-D Acid. Tnjections of the Na-Salt Sudsk & Claff,
(Uca pugnax) 5,000 * 1002{50%/96 hrs) washed after showed toxicity to be greater than 0.4 1860
) 2,500 " 100% 10 days 12-hrs. ma/g.
1,000 " Y003{10-20%/2 wks) 17 days
Stone fly nafad LL50~8. 50 mg/ 24 hr, 2,4-D BEE Sanders & Coge,
* «1.84 ¢ 48 hr. . ) 1568
" -1.60 86 hr, "
" <560 " 24 hr. 2,4-D
* <340 " 48 hr, "
* 15,0 96 hr, »
 Coccinellid larvae 8 oz aefacre 31 of 77 dled Used mixed amine salts.. Mortality more Adams, 1960
' than 2 times as great in treated than in.
‘ contrals up to pupation. ODuring gupation
. mortality was po greater. Deformity was
greater in larvae sprayed at later stage of

~development.

I
-

/1



Table 2.-- Contd

k'ﬁ ter

Concentration Testing .
Organisms Treatment  Toxicity Exposure  Temp, Loading regime Comments Citations
Honey Bee . LD20-71.45 ug. 24 hr, Na-Sa]t‘of 2,4-D toxicant was fed to Janes & Connell,
{Apis mellifera} LDSC-104.50 * .. the bees ) 1954 :
LDg§0-186.60 " " '
Ha;leguin Tlm-7000 ma/1 24 hr, Shell 2,4-D QR pellets Alabaster, 1963
sh and '
Ratnbow trout " . 4800 " 48 hr, . : :
tizrlequin fish * . 1160 " 24 hr. 2,4-D HaSalt
Rainbow trout M- 250" 24 hr, .
oo “.o 210" 48 hr, 2,4-0 triethanal amine
Harlequin fish “.3.0." 24 hr. 2,4-D BEE
" “ Y10 48 hr,
Trout TLm-250 mg/1 24 hr,. 2,4-D-triethano! amine salt Elabaster, 1959
" -210 mg/1 48 hr.
Fathead minnow Tilm-5.6 mg/1 96 hr. Static Egg mortaltity was 100%. Mount & Stephan,
egygs Y e 1.5 maN 48 hr. 1967
¥itlifish LD50-2000 mg/kg 20-28° ¢ 1 fish/gal 2,4-D zcid Harrisson & Hees,
Bream (Lepomis gibbosus) LD50-1000 mg/kg H " . _ 1946
Bullhead (Igtalurus LD50-2000 mg/kg " a -
nebylosus)
Striped bass LCqy -0.T larva 2.6 fry 96 hr. 2,4-D Butyl ester safe for use with Hughes, 1873
{Morone saxatilis) LC50-035 * 3.0 " 8 fry. HNothing safe with larva.
Lcigo-0,25 " 4.0 " u . :
Green sunfish 5x107%M 60 min. 8EE Sergeant, 1971
Bluegiil TL50->100.0 mg/1 48 hr. F24* ¢ DMA Sanders, 1970t
n - ‘l.] 1] ll i BEE

8L



. Concentration Water Testing ! '
*Organisms Treatment Toxicity Exposure temp,  Loading regime Comments . . Citation
Bluegill Tim 650 mg/1 550 24 and Weedar-64 . Hughes & Davis,
" 80D M 500 48 hr, " _ ’ 1966
Y435 " 450 s Crop Rider ED-2
*o23e "t oz230 _ Crop Rider Amine 40-2
" 470 " 428 Orthe 2,4-0
327 " 327 * 2,4-D Arine &
268 " 265 Amine
" 200 u200 Weed Rhap A-4
Producers given, TLm based
on active Ingredients
bMA-2,4-D )
Bluegilt Tim 542 mg/1 458 24, and 25° £. 10 fish/25 1 lake water Commercially supplied, 2,4~D Hughes & Davis,
" 806 “ 416 48 hr. DMA salt; TLm based on acid 1963 -
* 390 " .353 . equivalent.
o3 Y 28
e ¢ 220
olee 160
Bluegt TLm-542 mg/1 650 24 hr, Weedar 64 " Hughes & Davis,
500 " 0D “ ‘ 1362
354 ¢ 475 " Crop Rider 80-2
" 350 470 v .7 Ortho 2,4-D
ey Y327 N 2,4-D Amine-d
220 " 288 " 2,4-0 Amine
166 " 200 " Weed Rhap A-4
. o458 " 550 48 hr. Weedar 64
i 416 . " 500 H - -II
Y373 0" 450 " {rop Riger 6-D-2
* 383 " 425 # Ortho 2,4-0
"7y " 32 " Z2,8=D Amine 4
o220 " 285 " 2,4-D Amine
o166 v 200 * ! Weed Rhap A-4 .
@ The toxicity figures glven are based on
the acid equivalent and the active ingred-
ients of OMA 2,4-D. Producers are also listed.
Bluegill TLM-188 mg/1 24 br, DMA-2,3-D Hughes & Davis,
" v 48 hr. 1964



tglse £.7" wulipl.
.

?
{oncentration Water Testing
Organisms Treatment Todiclty Exposure -  temp. Loading regime Comments . Citation
Bluegill Tim-350 mg/kg 24 hr,  25° C 10 fish/25 1 Water from ‘oomA Davis & Hard-
' 380 " * Quachita River .TLm's based on 4 reps. castle, 1335
» 375 * 48 hr, " {24} & Cayou - ' :
Largemouth bass N 24 hr. u DeSiard {24 &
" 375 ¢ 24 hr, " 48). Mater
* 350 ¢ 48 hr, " aerated,
Largemouth bass i Z mortality
-1 mg/l 80 72 hrs. DMA-2.4-D Lawrernce, 1962b,
" 80 96 hrs. Fathead minnows showed
5 mg/ 50 72 hrs. no mortality after 96 hr,
" 70 96 hrs. at 1, 5, and 10 mg/} -
18 mg/1 40 72 hrs.
" 60 96 hrs. ‘
Frog TL50~100 myg/1 95 hrs. Static assay Weedar 64 {DMA} Sanders, 1970 2
Bobwhite gquail young 6,000 mg/kg LD50 28,000 mg}kg ot DMA~2,4-D. Trestment )evel DeWitt gt al.,
adult ' > 38,000 <100 days is based on amount in diet. 1962
- LD50 based on amount eaten
Mallard, young 5,000 mg/kg 8,25¢ * ~ by the time 50% mortality oc-
aduit - »>2, " »35,000 " curred. Treatment concentration
Adelt pheasant " o»16,500 " is the amount of DMA-2,4-D in
. ' the diet in mg/kg.
fodwhite quail .
Young 5,000 mg/kg LDSO-8,250 mg/kg <10 days LD50's are based on average amount DeMitt et 3l.,1963
Ring neck pheasant eaten by the time 50% mortality oc-
Yourg 5,000 mg/kg L050-19,780 mg!kg <100 days curred, Treatment concentration is the
Adult 26,000 mg/kg »6,500 <100 days amount of DMA-Z,4-D in the diet in mg/kg.
Mallard, young 2,500 ¢ 22, IOG <100 days



Table 2.-- Contd.

Concantration -

-

Hater Testimg
Organisms Ireatment Toxicity Exposure temp. Loading regime Comments ’ Citations
Young Bobwhite % mortality ¥ :
quail 2,500 mg/kg 12 10 days 2&/pen Treatment conc. based on amount Stickel, 1564
29 30 days of DMA-2,3-D in feed. ¥ mortality
42 160 -days based on number dead after 10, 30
Young Coturnix 2,500 " 12 18 days Z5/pen or 100 days. Exposure time for
12 3 " LLSO is time to 50% mortality.
Aduit Coturnix 5,000 * 7 10 15/pen
. 27 k1) I :
. . 33 100 "
" “ 2,500 mg/kg 100 88 days - J6/pen
LD50-56,77€ mg/kg 94 days
Young pheasant 5,000 ng/kg 8 g
24 "
. LD50-15,998 mg/kg 19 days 25/pen
" " 2,500 mg/ke 8 30"
36 wo ¢ ' '
MalTards L050~>1000 mg/ka Male & female Technical acid Tucker & Crabtree,
" L050->2026 3-5 mo, 01¢ . Ha salt, 1970
! LD50-ca2000 * Male-7 mo. 4 1bs a.e./gal. amine -
Pheasants " -472(340-6%4 Jmg/ky Male-3 mo~4 mo, Technical acid
Coturnix “ -668{530-842) * Male-2 months o
Pigeons * .668(530-842} Male & female * "
Mule deer “ «400-8C0 u Female 8-11 mo. ¥ "

Rats, mice, guinea
pigs, rabbits

Rat, Guinea pig

Man

* - 300-1000 mg/%g

LD50-375-686 mg/ky
* -1000 v

6.5 ¢

Fed in Rz20, olive
eil, corn oil,
capsule or plain

Dow formulations

Orally administered, Convulsions
precéde death. " Death thouglt to be
from ventricular fibrillation,

Rowe & Hymas, 1954

Johnson, 1871

Hayes, 1971




APPENDIX A - COMMON AND TECHNICAL NAMES OF ORGANISMS

PLANTS
Common name

WATER PLANTAINS
Arrowhead -

AMARANTHS
Alligatorwead

ARUMS
Arrowarum

SEDGES
Softstem bulrush
Sedge
Slender spikerush

GRASSES
Southern watergrass

WATER MILFOILS
turasian watermilfoil

FROGBITS
Florida elodea

DUCKWEEDS
Duckweed

BLADDERWORTS
Bladderwort

LOOSESTRIFES
Swamp lonsestrife

MALLOWS
Hibiscus

Technical name

ALISMACEAE
Sagittaria latifolia

AMARANTHACEAE
Alternanthera philoxeroides

ARACEAE .
Peltandra virginica

CYPERACEAE
Scirpus validus
C*ggrus Spp.

eocharis. acicularis

GRAMINEAE o
Hydrochloa caroliniensis

HALORAGIDACEAE
Myriophyl Tum spicatum

HYDROCHARITACEAE
Hydriila verticillata

LEMNACEAE
Lemna minor

LENTIBU LARIACEAE
Utricularia vulgaris

LYTHRACEAE
Decodon verticillatus

MALVACEAE
Hibiscus moscheutos
Scus militaris .

‘HiBiscus Tasiocarpos



Common name

PONDWEEDS
Curiyleaf pondweed
Sago pondweed

American pondweed

WATERLILIES
Fragrant waterlily
Watershield

Lotus

Spatterdock

BUCKWHEATS
Smartweed

PICKEREL WEEDS
Waterstar grass
Waterhyacinth
Pickerelweed

WATER CHESTNUTS
Water chestnut

CATTAILS
Cattail

CARROTS
Water pennywort

83

Technical name

NAJADACEAE
Potamogeton crispus

Potamogeton pectinatus
Potamogeton nodosus

NYMPHAEACEAE
Nyvmphaea odorata
Brasenia schreberi
Nelumbo lutea
Huphar advena

POLYGONACEAE
Polygonum amphibium

PONTADERIJACEAE

Heteranthera dubia
Licnornia Crassipas
Pontaderia cordata

TRAPACEAE
Trapa natans

TYPHACEAE
Typha latifolia

UMBELLIFERAE
Hydrocotyle umbellata




ANIMALS
Common name

MOLLUSKS
Eastern oyster

. CRUSTACEANS

DAPHNIA
Daphnia

OSTRACODS
Seed shrimp

ASELLIDAE
Sowbug

ASTRACIDAE
Crayfish

PALAEMONIDAE
Grass shrimp

GAMMARIDAE
Scud

DECAPODS
Blue crab
Fiddier crab
Brown shrimp

INSECTS

Pteronardidae
Stonefly naiads

ACRIDADAE
Grasshoppars

APIDAE
Honey bees

84

Technical name

MOLLUSCA
Cragsostrea virginica

 CRUSTACEA

DAPHNIDAE
Daphnia magna

- Asellis spp

Orconectes spp

Palaemonetes kadlakensis

Gammarus lacustris

DECAPODA
Callenectes sapidus
Uca pugnax

Penaeus aztecus

INSECTA

Pteronarcys californica

Romalea microptera

Apis mellifera




FISHES
Common name

TROUTS
Rainbow trout

MINNOWS AND CARPS
Squaw fish
Fathead minnows

SUCKERS
Lake chubsuckers

FRESHWATER CATFISHES
Channel catfish
Brown bullhead

KILLIFISHES
Longnose killifish

TEMPERATE BASSES
Striped bass

SUNFISHES
Green sunfish
Pumpkinseed
Bluegiil
Smallmouth bass
Largemouth bass

AMPHIBIANS

FROGS

Western Charus Frog
BIRDS

PARTRIDGES

Red partridge
Gray partridge

85

Technical name

SALMONIDAE
Salmo gairdnert

- CYPRINIDAE

Ptychocheilus spp
Pimephales promelas

CATOSTOMIDAE
Erimyzon sucetta

ICTALURIDAE
Ictalurus punctatus
[ctalurus nebulosus

CYPRINODONT IDAE
Fundulus similis

PERCICHTHYIDAE
Morone saxatilis

CENTRARCHIDAE _
Lepomis cyanellus
Lepomis gibbosus
Lepomis macrochirus
Ricropterus dolomieud
Micropterus salmoides

HYLIDAE

Pseudacris triseriata

PERDIDIDAE
Perdix rufa
Perdix perdix




86

Common name Technical name
PHEASANTS PHASIANIDAE
Pheasant Phasianus colchicus .
RAILS RALLIDAE
Florida gallinule Galiinula chloropus
GRACKLES ICTERIDAE

Boat-tailed grackle Cassidix mexicanus




‘ i_{-_:' _.‘_a,lg.-p AHINE HEED xxu.Ea

CONTROL OF WEEDS

. 5
1

‘Active Ingredient:

wDimethylamlne ‘salt of 2,4-dichlorophenoxyacetic acld .

Inert Ingredients- . e .7; af.

*E,h-dlchlorophenoxyacetlc acid equlvalgn;.hl.ﬁ% by weight

or 4 pounds per gallo&;

Manufactured for use of the Bur
usars organlzations and the Bur
U.S. Department of the Interior;
U.S. Department of Agriculture;

y.5. Department of Defanse.

EOR

ON IRRIGATION CANAL. BARKS

CAUTION

- - - - - m o‘. - - - - L] - - . [ 3 1‘ 50".5% ..

cau of Reclamation and cooperating water
eau of Sport Fisheries and Wildlife,

H Agricultural Research Service;

and the COrps of Engineers,




. vide gdod spray coverage of vegetation;20 ta 100 galtons pef acre h?
- usually sufficlent. Treat when weeds are young and actively: growtﬂ§ b‘fcra
¢ the bud ar early bioom stage. For harder-to-kill weeds, a rapeat:spray may
7 be needed after 3 to 4 vwmeeks for maximum rqsults¢ Appiy no_mory
. 'treatments per saasan. TI; o o " g . ,rﬁ

~gallon of 2:1“"‘9 Amine Weed Killer in n 150 gallons of water, \‘ttffbl 2
‘thoroughly using about 1. gallon of so!ution pen squara “rod. RIS

. average of less than 1 foot of spray. over':ha~waturfsurface to prevﬁnk _ DA
~ Introduction of :greater than+negligible, améunts of chemical in uater'.,-

L2, h-D 1 1b '3@&?15 .

.+ 2,5-D AMINE : ;
- WEED KILLER 2 pt I-1/2 pt .

RERT

GENERAL DIRECTTONS

: - T R e
Recommendations made are for noncrop use to control annual and peremnial = e
hroadleaf herbaceous weeds and woody plants ‘on banks of IrrigatIOn canals : -
anu jrrigation drainage ditches. . L e
. L ‘”ﬂ
Control of groadleaf Annual and Perengial Heggg. Ap?ly 1 to 2 quargq of
2,40 Amine Weed Killer per acre in a sufficient voiume of water to. pmb-

y
R

P

B : >
MR B e ™

tm‘ .:<.' . oo

- : ?’ . z-__ -:' B :
Control of woodx Erush and Patches of Pgrgnni&g B;oad!ggf We

Snraying Instructions. Apply with lowuﬁressure (optlmum 1D psi and.nqt
aver 4O psi) high-volume power spray equipment moynted on: tehcktractéf,
boat. Spray operation is to be made traveling upstream to avoid can*

51ceﬂtratnng chemical in the water. Spray when the aiit:ls fa!rly“calm
- {5 mph or less). Do not use on smdll canals (less than 10 cubjc . feat, *gr

second), when water will be used for drinking. purposus. Boom spey g 1.5'__ S
cnto the water suface must be held to' & mimimun. ~When apraylng~ﬁbﬂfﬁii&b R
weeds, avoid spraying gver the water in th;hstreamwaxcept to covar: apb@!- IR
line vegetation. Allow no more than 2 faat-of Spray onto water wlthdan- PR

cross-stream spraying to tire opposite bank ‘Do not. spray the banks Qﬁahoth .‘ijé
sides of Lhe stream at the same time.. Spnay each bank separatalv. : S

Cohvert pounds 2,Q~D acid equ:valent racommandattons into terms of Eyhmb
AMINE WEED KILLER by the follqwing tabIG. f:??ﬂ, e




&

| .. purposes).
7&;fvngic:des.

PROPOSED LABEL COPY. (right panel)

Typical ditchbank weeds controlled by 2,4-D Amine
“VWeed Klller are as follows:

beggarsticks
- bull thistle
cocklabur
kochia ¢
lambsquarter

Y

Annual éﬁa Bienﬁfél Weeds

lettuce’ (wild)  ﬂﬁ*-f-l N
mallow T

marsh

morningglory - ¥

elder

mustards

m;.ggrennlgirﬂeédsll

bindweed

catnip B
Canada thistla" ’
dandalion + - .
dogbane

dock

1 ,‘~

" CAUTION "

parsnip
peppergrass
pigweed

prickley lettucs
primrose

ragweed

Russian thistle.
sunflower '
vetch

goldenrod
hodry cress
nettles
plantains
water hemlock

Du not allow dairy animals to graze.on treated areas for at least 7'days

after spraying.
if swallowed.

Water within treated banks, should not be fished.
Avoid gontact with sknn, ayas, or clothing.

Harmful

Avoid spray

grift to susceptible plants, such as: cotton, beans, tomatoes, and“orna- el

mentals, as this produce méy cause Injury.

GQ dl’lft.

IARIGATION WATER.
fDRNULATION.

L

“‘ads, lﬂséq;lﬁidas, Qf

. """ DO NOT USE THIS HERBICIDE AT RATES OR FﬁR METHODS 'OF APPLICATION O7HEK-
"o THAN THOSE RECOMMENDED ON THIS LABEL TO PREVENT SERIOUS CONTAMINATION. OF- .

.Coarse sprays are less i!kely
Thoroughly clean sprey equipment with sujtable chemical glmandr
.before using for other purposes {or do not. .Use spray equiprent fo#-
Do not stora hear fertillzers

nthpr

1

PO NOT AZD INGREDIENTS GTWER THAR WATER TO THE. HERBICIDE ff_e}f




. Amount of Rates of A gg;tcag]ga

\?H'ffﬁvoad leaved Annual and. Perrennial Ubeds. hﬁPPiY 1 to 2 quarts per aern

2 Most arrlgated aress of the western UniteﬁgStates raquire only ons:&?ﬂi

'rf-'_when the weeds are young and activaiy growlivs before. the bud or. aariy'.
.7 bloom stage. A second application may be‘requrrad aftear 3 or 4. wnaks;ﬂg
maximum results or when highar than normel rginfall encourages: A second.

nmacnoﬂa FoR S oF- 2,#-0 e
WEED' KILLER FOR-COMTROG OF WEEDS ~ -
ON TRRIGATION CANAL, BANKS

The amine formulation of 2,4-0 has been usad for over 20 years to
- gontrol broad-leaved weeds op.irrigation canal banks of the westnfn S
United.States. The following directions summarize treatment procaﬁurd; a
‘used by the Bureau of Reclamation and coop@rat:on water users organ¥~
zations. L S “

b suffictent volume of water to provide adequete coverage of vegt&qt%pn,
20 to 100 gallons per acre is usually sufficlent. Treat when upedhﬁp!ak

~young and actively growing befors the bud dr- early bloom stage. ' Hppest’’

" treatments may be needed in 3.os L weeks. For ‘maximum control. = o wxpl

~ of woody brush and patches of parennlal broadleaf weeds, mix l1g§irqﬁ“',

.2,4~D with 150 gallons of water. . Apply with hand .gun or similar RyeR: g

of spot application Lquupment.; Wet. follage thoroughly using ahnu% ﬁ'ga JOﬂ

of solution per square foot, = : . ,§¢‘ A

Frequency and imngg of ﬁggllgggug;

i l;”;l_ s
©  cation of 2,4-D amine In spring to.early summer to gontrol brandﬂl@nvudL. oo
ditchbank weeds, Treatment timing will vary locally ‘but should. bm:# A

- crop of ditchbank weeds, The second. sepsanal treatment can oftembe .- " - &
managed by spot treatment of sthe weedy vegitation, particularly pqrenﬂiai“ :i%
. weeds or woody plants, Intervals between freatments will vary acdbrdfng '
- tec local conditions ranging from s, !!ttlewps 3 :o h weeks or: asfmuchﬁa#
6 weeks to 2 months. .. . ik ¥

In areas where .2,4-D sensittva crops such as cottan are grown, maka ;&n
Flrst general ditchbank treatment so nhlt it wtll pracede emerganqn.af‘
" the crops concarned. - b PRE

Restrictions of mmww &easu_au.mm AR
;n;truct;o;;s :

Apply with coarse low-pressura (optimum ID prl and not over 40 #51) ppuer
spray equipment mounted on truck, tractor, or boat. Spraying opératluns e
are ta be made traveling upstream ta avoild. cqncentrating chemionl snrny L
that cets into the stream. To prevent Introduction of greater than il '- '
toglicible levels of chemical Into the strdam, boom spray and manually .
cperated spray gun patterns should be made S0 25 not to spray over the ,
water surface more than 24 inghes from the adge of the water. = .jial
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