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; ABSTRACT ,-•

The herbicide 2,4-D [2,4-(dichlorophenoxy)acetic acid] wasj
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.. ^ ; J -, : -̂-i-̂ .;; . v-:; •

Many formulations of 2,4-D are available, but the one used

most commonly ;is the dimethyl ami ne salt of 2,4-D (DMA-2,4-D).

The ester formulations are also used but are 10 to 20 times as

toxic to fishy.and other aquatic organisms as the dlmethylamine

Salt. '̂ flf- j,-:v '' / ' • •%:-V"'" • • ' ; • • . • •"

0,V.W9/11ttf hn-b««n Issued for DMA-2,4-D

WltSf IS i PtiuU-of ftppHcations of

»4-D to ditch banks in the western United States. Several

&|i«c1i*>*r*̂ presently pursuing the registration of

2,4-D for use on, Irrigation canal banks and for use in moving

water. Since/most of the research necessary for registration

of 2,4-D has bean done, 1t should be relatively inexpensive to

complete the registration procedure,



: : HISTORY QF FISH CULTURAL USE

Research on 2,4-D compounds started during World War II, un-

der war-time secrsqy*,, Ths ctenical has a growth-hormone effect

at low concentTatjons .(jess jthan one ug/Hter) and a herbicldal

effect at concentrations 6f 0.1 rng/11t«r and greater.

• ' . , . . " . ' • . . . . " • ' . ' ,' •'.' '^ '
The first jfaeoWed a^tlcMse of 2,4-D was to control water-

hyacinth (Bildfbrand, 194(6). |averal, years later, Surber (1949)

reported that-2,4-0 was effective for control of emersed and

marginal weeds.; v Since then. Jt has been used to control E.lpdea

c^nadjiQSls (Foi?j?t» 1967)v'EMraslanwaterninfoil (Haven, 1963;

Smith and Isom, 1067; Whltne/. 1970, Itojtalik, et aU, 1971) and

H^drilla .verticillaid (Kleinsctimidtt 1969). It also has been

tried as a 'control for Hthophorav'SiB*» alUgatorweed, duckweed,

wate rstar 'gras^(tawr^ncefl; .1^21». fe^nphea odorata (Pierce, 1960),

Brasenla spp». (Pierce,, 19SJ>i;; and, in combination with Endothal,

ppftamageto7| crlsPUS (Flerce/1089). ^irtin st a_t* (1957) noted

resorted tfeat l»4-^^%*s$ u»«ftf"foy ««tr*1H»a

spatterdock, and penny wort 1n 1rr1gatt©« carw»U but would

control Sago pondw«ed or /tewrlean pond weed due to its lack of

persistence 1n'th« soil. Thd Uttsjr authors reported that



g,4-D was som^hat effective for control of the following mar-

ginal weeds along 1rr1gitlon^canals%1 willow, sedge, smartweed,
' 'V -'• " • : ••''•': V:"̂ >: P.'- '̂" ' " . - '

cattail, arrowhead, pkk«ral watd, bulrush, splkarush, knot-
• • • . . ' " i ' '>--;

grass, scutha-n water-gr^ss* *nd ne«dl«wsh. Uruns {19§4» 19^7)
• • • cMxr •• • • * ; • ' . ; . .̂"'l̂ "-
and Bruns and dors (1953) Investigated possible damage to

,• '"' • ''. > ','' i , : •' '̂ t "" 'r / ' Vt' 'V' V' V •'•

crops from YrrlS^tton,^ater.;tr€at^$'.wfth'-;2,4-D, while DeVaney
/ ••>> '-r,̂ — ""•:/,'•̂ .-̂ ''•.•'-;.;'-̂ ./':̂ '

1- •• .
(1967) nipoî ml̂ fî tipw;,!̂  1« farm ponds and

lakes.



PHYSICAL AND CHEMICAL PROPERTIES

The herbicide 2,4-D [2,4~{d1chlorophenoxy)acet1c add] has

a molecular formula of CgĤ ClgOs, a molecular weight of 221.0,

a specific gravity, C» of 1.S65 (30° C), a melting point of

135-138° C, a boiling point of 160* C at 0.4 mm Hg, and a vapor

pressure of 0,4-mm Hg at $60* C (WSSA, 1970). It Is a white,

crystalline, odorless substance, and 1s soluble 1n t.iany organic

solvents but quite Insoluble 1n water. Nelson and Faust (1969)

determined the add dissociation constant of 2,4-D by means of

potentlometrlc tltratlon. They found a pKa value of 2.73 at an

1on1c strength of 0.05 for 2»4~D.

The add Is prepared from 2»4-d1chlorophenol and raonochloro-

acetic acid 1n the presence of aqueous base. An aqueous solution

of the dlmethylaralne salt (DMA) 1s prepared by addition of 402

dimethylam1n» solution to an aqueous slurry of 2,4-D at pH 0.

The butoxyethanol estar 1s synthesized by the reaction of the

free acid of 2,4-0 with butO*ysthanol (WSSA, 1970).

The free acid may be determined by Infrared spectroscopy. In-

formation on analytical methods 1s contained 1n the Residue Section

of this report.
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The teratogenlc corapound tatraehlorodioxln (dloxln) 1s

found 1n small amounts in?coK»»rc1ttlly prepared 2,4,5-trichloro-

phenoxyacetic add, hence, analyses have been conducted on com-

mercial preparations of 2,4-D. Huston (1972) reported three

neutral impurities 1n conwserclally prepared-2,4-D which could

Interfere with gas-liquid chromfctographlc (glc) analyses for

dloxlns. She concluded that these contaminants were not dloxlns
' • ' • . * • . ' •

nor deleterious. Plimroer and KUngeblel (1971) concluded that

under field conditions, dloxlns are unlikely products of the

lower chlorinated phenols or phenoxyalkanolc acids.
•*V. *

Several formulations of 2,4-D are 1n comnon use. These in-

clude: water-soluble salts such as sodium, dimethylamine,

ethanolamlne, and triethanolaralne; oil-soluble atnine salts, such

as the dodecyl-tetradecyl amlne salt and the N-oleyl-l,3-pro-

pylenedlamlne salt which are soluble In most organic solvents;

and esters, such as the Iso-octyl, butoxyethanol, and the

propyleneglycolbutylether ester.

The formulation roost ccsaaonly used In aquatic sites 1s the

dimethylamlne salt of 2,4-D (DMA-2,4-D). The molecular formula

of DMA-2,4-D 1s C H C l l O the molecular weight 1s 266.1-, and



•V . i
the melting point Is 85 to 87° C at which temperature It decom-

i
poses. OHA-2,4»0 1s a white, odorless crystal which is highly

soluble in water, less soluble In alcohols and acetone, and in-

soluble in kerosene and diesal .oil. It has been reported (Bridges

and Sanders, 1963) that DHA-2,4-0 will diffuse through poly-

ethylene bags placed in water.

Effects on Organisms

Microorganisms and algae, Lanrnrttniere et al. (1964) reported

that 2,4-D affected crpss wall formation and cell division in

several bacterial fpsclas* They found a rapid cellular death

in the stationary phase of growth. Butler (1963) noted no de-

crease in productivity of natural phytoplankton or unialgal cul-

tures of puniel1[a euchlpra or Platymonas sp. during a 4-hour

exposure to a l~nxj/11ter concentration of DW~2,4-D. Poorman

(1973) found that 24 hours' exposure to 1- to 10-mg/ liter con-

centrations of 2S4-D hid no effect on the growth of F.ugl era

gracilis. They also reported no effect after 7 days' exposure

to 10 or 50 mg/Hter but there was a 26% decrease in growth of

when they were exposed to 100 mo/liter for 24 hours.

However, when these cells were diluted and transferred to

pesticide-free medium, they recovered.
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When the freshwater alga, Scenedesmus quadrlcaudata, was ex-

posed to 0.1 or'. 1.0 wg/litcr pf 2,4-D there was a decrease 1n
' ,•.';••!< ' '*>•' ' i

cell density at 4-8 days* son* Indications of carbon fixation

stimulation beginning on day 6, and a snail reduction In bicmass

by day 10 (Sjtadnyk et aV, 1971). Walsh et «].. (1970) reported
&$•'. *""*"* '

that concentrations of ,0.1, 1.0, or 10.0 mg/Hter BEE-2,4-D did
X • r '. _ • !

not alter vthe rate of photosynthesis of a species of unicellular

marine

Plants. Lynn and Barrows (1952) found no Increase In hydrocyanic

add content of wild pin cherry leaves sprayed with an ester of

2.4-D (see Wlllard, 1950)* Buck #t.al. (1961) also reported no
• •''•'"• , ' - •> .

Increase In | hydrocyanic add In Canadian thistle sprayed with
ŷ̂ -i'i " . • " ' -

2,4-D. They found that calves and ewes ate the sprayed, dried

plants with no 111 effects, Williams (1968) found that spraying

spring parsley with 2,4-D detoxified the plants, thereby decreas-

ing the plants capacity to photosensitize chickens.

• • :-.....•• ; ' •
f ' .•' '" 't • • . ' • "

Insects. Adams (1960) found that cocclnelHd larvae were suscepti

ble to an amlne suit of 2,4-D. She stated that the developmental

period was lengthened when older age groups were sprayed and that
Si" ' i. '

mortality was twice as great in sprayed larvae as 1n controls up

to pupation, although mortality during pupation was no greater 1n
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sprayed than control larvae. Rexrode fit al* (1971) reported

that trees treated with herbicides were more subject to attack

by oak beetles and that beetit numbers were higher on treated
' • • • ' - . , • • ' ''"' - '

trees. However, trees treated wftfc 0MA-2.4-D had less fungal

sat than those--treated iHthrfrliEfterta and 2,4-D or plcloram and

arsenic', • *.. ' - -v • • ' • • • . • '

Maxwell and Harwood (1960) reported an Increased rate of re-

production by pea aphlds fed on broad beans sprayed with non-
'•, -f ,'-' '••.

lethal dosai of 2,4-0. This Increased rate may have been due to

Increased amounts of frss alanlne, aspartlc acid, serlne, and

glutathlon 1n the growth tarainals of the bean plant, the area of
' ' ' * > , . •

greatest aphid development*..

Aquatic organises.- Butler (1063) found that 5 mg/llter of DMA-

2,4-D Irritated juvenile blua crabs after 24 and 48 hours of test-

Ing but no decrease 1f» oyster ghsill growth occurred after treat-
J-"1' ^

raant at 2 tng/lfter. for 48 hours, yhsn ponds wer« treated at 5

and 10 ra0/11ter «f 1,4-0, there wta « 2-we«k delay 1n blueg111
.» . . ' . ' . •,' • . ' • • '. •

spawning (Cop$,-;§!_ ai,., 1070)̂  Higher̂ '̂ afcaent levels Induced

some pathology Including depletion of liver glycogen, globular

deposits 1n the blood vessels and stasis and engorgement of the

brain circulatory system, ' ,
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Birds. Whitehead (1973) reported that growth rates of 0- to 8-

week old broilers decreased significantly when fed 10, 50, or
,'•?• ";-

TOO mg/kg 2,4-D but that-food conversion was not affected by any

dietary level. Whitehead and Pettlgrew (1972) noted a reduction

1n food consumption and growth levels In chicks fed 250-900 mg/krj

dietary 2»4~D. They found that 5,000 mg/kg caused histologies!

changes, but th« chicks resumed normal growth when placed on a

normal diet. No effect was noticed on plasma calcium or mag-

nesium. Somers et aJL (1973) sprayed fertile chick eggs at the

recommended and also at 10 and 20 times the recommended appli-

cation rate. They found no effect on hatching or growth of the

chicks. 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 noticeable effect was reduced ogg production

when chickens were given 500 mg/kg 1n feed or 1,000 mg/l1ter in

water for prolonged periods. In contrast, Lutz-Ostertag and Lutz

(1970) reported 40-75% mortalities 1n 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 a].. (1964) fed geese 1,000 mg/kg of 14C-

2,4-D and sacrificed geese at Intervals from 22 to 230 days.

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

organized cellular structure, hepatic cell destruction, and fatty
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degeneration In the Hvar. Two gaesa treated for 192 days were

placed on a control diet and had almost completely recovered af-

ter 7 months*

Mammals, When Collins am! W11 Haras (1971) fed hamsters 20-10Q

mg/kg daily they found occasional terata, decreased fetal

viability, and decreased 11ttar ttjea*' However* these anomalies
> ' •" , * ''•• '' .''••

were not dosa-r^sl a ted. . .

Brody (1973) induced myotonia in rat muscles in 45 minutes by

injecting 200 lag/kg body weight of 2,4-D, The animals did not ap-

pear ill and the myotonta,disappeared within 24 hours. He postu- -

lated that 2,4-D caused ari increase in K* conductance which could

lead to myotonia through a compensatory decrease in Cl" conductance,

14Philleo and Ferig (1967) reported that control rats fed C-

acetate converted more than'90S of it to CO?. When rats were' • ' . •
fed 10-20 mg/kg 2»4-D tha effect on respired 14COg was insignifi-

cant, however, a dosa of 400 isjg/kg decreased the amount of ra~
1 JL ' ' ' "* a

spired C02 and affected the pathway of C02 elimination, Heene

(1967) found that 2,4-D Inhibited glycogen forming enzymes in rat

skeletal muscle. Khera and McJCfnley (1972) noted fetopathy and an

increased incidence of skeletal anomalies following daily per os

doses of 100-150 mg 2,4-D/kg. However, weight gain and viability

of the offspring were within control limits, Schwetz et al.
1 *—*-» *mrf<™t

(1971) administered



' < •-,12'

doses of 2,4-D esters to pregnant rats 6-15 days after conception.

The maximum- tabulated dose,waf £7»S mg/kg/day. High dose levels
,' • ''•• '• ' "'" ''': '.''; K.'" ' ''if'"-,.

resulted fn dacreasad. fetal bô y weight, subcutaneous edema* de-

layed bone ossification, and formation of lumbar and wavy ribs,

all of which were probably dose-related. They found no terato-

genlc effects at any dose, rjor any effect on fertility, gestation,
1 • ' ;,•"":.>; '".-. i- ' •'-,''-' •• :~i..'J*; . ' - ' • • ' .

viability, or 1a6tat1̂ .̂ ;fAi\ô :n«p'natal growth and development

were not altered by treatment during pregnancy. Rats tolerated

100 mg 2,4-D/kg without 111 effect (Bjorklund and Erne, 1966),

The same workers also found that 50 mg/kg/day could be toxic to

pigs. P1gs fed 500 rag/kg for «p t» 12 tranths suffered growth de-

pression, locomotor disturbances, anerala, album1nur1a, and moder-
'' • {*'"

ate hepatic ajfid renal dsganeratlon. A sow fed 2,4-0 through the

gestation period showed n4 itV effects* but the piglets were

underdeveloped and 10 to 16 <crf them d1«d within 24 hours of birth.

There was retarded growth and Increased mortality 1n the second

generation when pregnant rats and their offspring were given
\' '':•'''

1,000 mg/kg 2,4-D for 10 sionths* Hansen ejt al_. (1971) fed rats

up to 250 wg/kg 2,4-D In the diet for 2 years. They found no
•' v-> ,'**•''' . • . -

significant effect on growth,,rate, survival rate, organ weights,

or hematologlc values. No 2,4-D related effects were found In
i .

beagles fed up to 500 mg/kg dietary levels for 2 years. In a
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three-generation rat 11ttar reproduction study, no deleterious

effect was notsd from TOO or 500 mg/kg dietary treatment, and,

while 1,500 mg/kg;d1d not affect fertility nor Utter size, 1t

reduced the percentage of-pfips surviving to weaning and the

weights of weanlings.

Sheep given 100 mg/kg of tha alkanolamlne salt of 2,4-0
r • .'̂'V'*'

were unaffected after 481 dosaj (Palmer and Radeleff, 1964).

Cattle were unaffected by \12 doses or 50 mg/kg but died after

44 doses of 200 Rig/kg. Sheep also were unaffected by 481 doses

of 100 mg/kg of an ester of 2,4-D while cattle suffered weight

loss when given 10 doses of 250 mg/kg of the same ester, Rade-

leff (1964) stated that 2,4-0 was absorbed from the digestive

tract and eliminated by the kidneys 1n mammals.

Ualker et aU (1972) reported that 2,4-D Inhibited tumor de-

velopment In Ehrllch asdtes. They further noted an Increased

survival time for tuTnorogenic mice treated with 2,4-D.
* • •' • S

Humans. Sare (1972) reported a case of headaches and double

vision 1n a worker spraying 2,4-D. Berkley and Magee (1962)

reported tha case of a farmer who had cutaneous exposure and had

possibly Inhaled DMA-2,4-p. He stated he had tingling of the

hands and feet, aching arms, and stiffness 1n his hands and
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knees. His dexterity was so reduced he could not button his

shirt or tie Ms shoes. He also had reduced perception to pain-

ful stimuli In the distal extremities. The authors concluded

that neuropathy from 2,4-D exposure 1s rare and those who show

1t are probably, predisposed to neuropathy or susceptibility to
t,

the toxin. Another source (Anonyraous, 1956) also mentions pos-

sible sensitivity of certain Individuals to phenolic compounds

which are contained In sowe formulations. Wlllard (1950) also

mentioned the possible allergy of some people to 2.4-0. Ber-

wick (1970) reported an accidental Ingestlon of 7,200 nig 2,4-D

which resulted 1n flbHllary twitching and paralysis of the 1n-
b

tercoastal rauscles. Bonderaan et £U (1971) studied the adaptive

responses of sane estarase enzy&es and found no significant dif-

ference 1n the esterase levels between people who had formulated

herbicides for up to 20 year$ versus controls. Poland ot ajL

(1971) studied 73 male employees 1n a factory where 2,4-D was

manufactured and found cfcloracne In IBS of thos studied. How-

ever, the Incidence of chloracne was not correlated with job

location 1n tha plant. Johnson (1971) noted no genetic effects

on 220 men exposed to 30-40 jug 2,4-D/day. Hayes (1971)

stated that the oral dose of 2,4-D required to produce 111-

nsss 1n man 1s probably 3-4 g. An Intravenous dose of 2.0 g.
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produced no Illness, but 3.6 g produced coma, flbrWary twitch-

Ing of soma muscles* hyporefiex1av and urinary Incontinence.

Mansnals Mlladby large doses of 2»4»D are thought to die of

ventricular fibrillation.* Treatment for 2.4-D poisoning 1s

symptomatic.

« Stability and D«gradat1on

Aly ami Fauait (1964) decomposed 2,4-D with a UV lamp. Thay

found that d&cesapositloi! wav-nore rapid at pH 9 than pH 7. They

did not feal that UV frost sunlight would decotnpose the herbicide.

Daly (1971) found that th$ Hitoxyathanol ester of 2,4-D (BEE-

2,4-D) and also 2,4-D df̂ radsd rapidly under conditions of In-

tense light and high temptrature. Hi found that UV light de-

graded SOS of a solution of SE£»r2»4-0 to volatile products

1n 12 hours.

Crosby (1989)» Crosby andTutass (1966), Crosby and 11 (1969)

and Crosby and WowS (1973) found that aqueous solutions of 2,4-D

are photolyzed through 'a..seHas of inactive Intermediates with

replacentant of tht chllorlnes'by hydroxyl groups and cleavage of

the ether bond. Among the photolytlc products are 2,4-d1chloro-

phenol, 4-chlorocatediol, 2-hydroxy«4»chlorophenoxyacet1c add,

and 1,2,4-benzenetHQl. The latter Is then converted via a non-

photochemical oxidation to a mmtoxlc polymeric humlc add.
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Crosby and Wong (1973) reported that side-chain degradation was

oĵ ygen dependent and was more rapid at pH 8 than at pH 2. but

that ring reactions did'not require oxygen. They further stated

that the displacement of chloride from the photo-excited ring

by hydroxide Ions Was pH dependent and the final degradation

products (condensation products) were the result of ionic and
r,

oxidatlvs combinations with substrates.
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' - . . . : EFFICACY -

DMA-2,4-D Is r^eosHiendjwl for use pHoiarlly on broad-leaved
','. *" -,** ••'" \ • '

plants. The prlmry aquatlc-rtlatsd uses are for control of

weeds on Irrigation canal banks, control of waterhyaclnth, and

control of Eurasian watar iallfoll. It 1s also used to control
.'"

other aquatic plants such as lotus, arrowhead, waterllly, and

smartweed, but on a lessor seals. Treatment should be carried

out whan plantjî ar© yotiuf and actively growing before the bud or
'"' '• •" " "'*' • *.' j * '*'

early bloom stage (WSŜ 5 1970; Corns and Gupta, 1971; DeRlgo,
*' •'' , .•• . •••" • . - ." - ' " ' V : . ' ' , . '

1964; DsVaneyi 196?; TbOB̂ S jand Duffy, 1968). General aquatic

application for emersed plants is 2.2 kg/ha In 400*600 liters

of water* A "sticking4* agent 1s sometimes employed. Nornmlly,

no more than two applications should be made par year except

for possible spot treatment. Grever et irk (1972) found that
- , ' "„• - " ••" •V • •'.. '• •

3-4U of DMft-2,4-8 and the butyl ester drifted off the target

area as droplets and an.«441tional 25-30S of the butylester

drifted off as a vapor s?ass .'irttililQ- 30 minutes after spraying.
'•v* * ' - ' • '

Thereforê  no treatment should be tirade when wind velocity exceeds

10 mph or under nslny conditions. Treatment along ditch banks

or other moving water should be done In an upstream direction to

avoid large concentrations of the chemical. When a body of
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water Is nearly covered with an undesirable plant, only part of
' '•"*" '._

the water should be treated at one time to avoid the possibility

of BOD problems from the decomposing vegetation.

There are conflletting .reports regarding the disappearance of

2,4-D from water. Aly and Faust (1964) reported that 2,4-D per-

sisted for 120 days In lake water that was aeroblcally Incubated

In the laboratory, whereas esters of 2,4-D under similar treat-

ment were hydrolyzed biologically to the add 1n 9 days. They

further reported that 81-852 of the 2,4-D was decomposed bio-

logically 1n lake muds within 24 hours but only after extensive

mlcroblal adaptation techniques. Faust and Suffett (1966) veri-

fied these results. However, Daly (1971) reported that BE£-2,4-D

degraded to 2,4-0 within 24 hours' 1n systems containing living

material, pond water, polluted water, or water with watermllfoll.
14 "All systems produced CQ2» but polluted water produced the most.

Rogoff (1951) discussed the oxidation by bacteria of aromatic

compounds Including 2,4-0. Anderson etfaK (1968), utilizing -

2,4-D as the sol« carbon source, Isolated a strain of Aerobacter .-.

sp. which decomposed 90S of the 2,4-D 1n IS days. Bell (1957,

1960) Isolated an AchroroobaGter species which, could decompose

2,4-D. He reported that 39% of the chlorine was released as

chloride. He further stated that requirements for rapid oxidation
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Included a free or̂ jo position » tv» or less chlorine substi-

tutions on the ring, a jgari- chlorine substitution, and a frea

side-chain carboscyl group beta to the ether linkage. Others

(Robeck at aJL » 1963j Steewson and Walker, 1956 and 1958; Rogoff

and Reid, 1954} have reported degradation of 2S4-D by micro-

organisms 1n the genera FJavt>ba€ter1ya9 Achromobacter, and
• " ' ' t

Aerobic conditions «ere found to be essential, and degra-

dation was attributed to th« formation of adaptive enzymes. Walk-

er and Newman (1956) reported that a culture of Hyosplasma sp.

decomposed 2,4-0, v-jhlla Hedemeyer (1966) found a protozoan and

paramecium which could tnetabollse 2»4-D.

Llnscott et al. (1963) stated that the resistance of alfalfa

to 2,4-dichlorophenoxybutyric acid (2,4-DB) way result from the

synthesis of Inactive chlorophenoxy compounds having larger side

chains than the parent compound* thus preventing beta-oxidation

to the toxic parent chemical.

Faust et aV, (1961) rsported objectionable odors 1n water

treated with 2,4*0, and concluded tha odors resulted from pro-

duction of phanols from tha herbicide, Faust and Aly (1963) re-

ported that 2,4-d1chlorophenol (2,4-DCP) was metabolized slowly

under either add or anaerobic conditions. Activated carbon was

capable of removing 2,4-D and 2,4-DCP from water, whereas



strongly basic anlon-exchange resins sorbed 2,4-DCP and Na-2»4~D
, , • A i

but not the esters of 2*4-D (Faust and Suffet, 1966). Inglis

and Davis (1968} found that hardnesses ranging from 13-365

mg/Hter CaCOs had no significant effect on the toxldty of

organic herbicides to fish. '•'.</'

A brief summary of,the efficacy of 2,4-D 1s listed In Table 1.
. *'••' ' i'.-. '

The data are primarily related.to aquatic plants* Exceptions are

where the applications may have; had an effect on vegetable crops
»' ' • ' • ' , •

(via Irrigation) or effects oh wildlife. Most ernersed broad-

leaved aquatic plants are controlled by 2/,-D. Aquatic grasses

and submersed species are not controlled or require massive doses

of the herbicide for control.
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TOXtCITY

The toxiclty of 2,4-0 depends greatly on the formulation.

For example, Sandars (1970) reported the following TL50

values at 48 hours for Daphnja may, propyleneglycobutyl

ester, 0.1 mg/11t«rj DHA~2,4»D, 4 ing/liter; and BEE-2,4-0,

5.6 mg/liter.

Lawrence (1982b) reported that 8055 of the largemouth bass
o

exposed to 1 ing/liter OMA-2.4-D died in 72 hours. On the other

extreme, Stickal (1964) reported an 1055 of 56,776 mg/kg at

94 days for adult Coturrtlx quail.

Table 2 1s a compilation of toxlclty data 1n which specific

amounts of the herbicide and specific mortalities were reported

by various authors. The remainder of the toxlclty data 1s sum-

marized on the following pages.

Plants. Elder «t aK (1970) reported that 2,4-D exhibited low

toxlclty to all freshwater aud marine algal organises tested

at rates approaching the maximum solubility of the herbicide

1n water. DeRlgo (1964) found that 2,4-D Injured commercially

grown Chinese waterchestnut. A single annual application of

6.7 kg 2,4-3/ha 1n dlasel fuel was found to be effective for
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cattail control with no deleterious effects on the biological

activity of sewage lagoons from repeated applications (Corns

and Gupta, 1971). Klelnschmidt (1969) found that 2,4-0 gave

good control of Hydrtlla verticiltata while others (Daly, 1971;

Haven, 1963; Smith and Isom, 1967; Wojtallk et aj_., 1971) re-

ported control of Eurasian watermilfoll with DMA~2,4-D or BEE-

2.4-D. Hlldebrand (1946), Schulti and Harman (1974), and

Schultz and Whitney (1974) reported that waterhyadnth could be

controlled by 2,4-D. Lapham (1964) controlled alUgatorweed

with a con?b1nat,1qn of 2,4-t̂ and d1chloben1l while Foret (1967)

used 2,4-D to control Elodea canad«ms1s. Pierce (1960, 1961)

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

reduced UtHcularla purpurea, but^seemed to accelerate growth
0<r Potanpgeton spp« Sha also reported that 2,4-D 1n combination

with other herbicides was toxic to Potamogeton crlspus and

several other aquatic plants (1968, 1969).

Several authors (USDA, 1968; Lawrence, 1962a) have compiled

references dealing with the toxIcHy of herbicides to aquatic •-.;'

plants while others (DeVaney, 1967; Lawrence, 1962b; Mulllson,

1970; Gangstad, 1972; and Plmentel, 1971) have reviewed the

toxlclty of 2,4-D .to higher aquatic plants, algae, fish, and

non-target organisms. ,



The toxlclty of 2,4-0 to terrestrial plants Is well known

and too lengthy to document* Keith et ajL (1959) reported a

decrease 1n pocket gophers due to the reduction of food plants

such as dandalion, agoserlŝ western yarrow, and pensteroon.

Kreftlng and Hansen (1963) Improved deer habitat by top-killing

nsountaln n$p!a#lth 2,4-0. The htrbleide also Increased coni-

fer sprouts and stimulated regrcwth of maple sprouts, both of
'" '. ' . ••.,.'.''''*•'• •" •

which are excellent deer browse. Ha* et al̂ . (1973) found that

the oH-solubl* cffilne formilatlon* were absorbed faster by sun-

flower leaves than ths water-soluble amines, thereby decreasing

tha length of frliae for death ©f the plant.

Microorganisms. Petruk (19S5) added 2,4-D to fish nursery ponds

and found an increase 1n microorganisms 1n 2 to 3 days. The

total numbers decreased after 12 days, but reached the Initial

value again In 23 to 35 days, Ht stated that the herbicide

stimulated hat.arotroph1c organisms which Increased the reservoir

productivity.
• -* ' * '

Invertebrates. ;Butler {1965} found no effect on the growth of

oyster shell after 96 hours* exposure to 2 mg/Hter of 2,4-D.

Ha also noted no effect of 2 mg/liter on brown shrimp after 24

hours' exposure. In static Moassays, 10 ing/Hter of BEE-2.4-D
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had no effect on grass shrimp (Hansen et aJL, 1973). The same
• " : ' ' ' • '

authors reported .that grass shriiap avoided 2,4-D but not 6 In-

secticides. Walsh (197T) found that 5 mg/l1ter of DMA-2,4-0 had

no effect on blue crabs after 24 or 48 hours' exposure and that

1 rag/11t«r had no> toxic effect on Eastern oysters at 96 hours'

exposure. • v^-C :/ v ...' y-:..:';'.; „'

. '"' ' '" • : . v **'

Walter (19̂ 3) reported that 2,4-D decreased the number of
* . V '

bottom organisms 1n ponds, presumably through reawval of cover

or feed. No adverse effects were noted on benthos or other

aquatic Invertebrates 1n large-scale field applications of

BEE-2.4-D (Beaven et aj.., 19S2i Sears and Meehan, 1971 j Snlth

and Isora, 1967̂  Thomas and Duffy, 1968; Whitney, 1970). In

another study, Rawls (196$) found that only the acetamlde formu-

lation was toxic to aquatic invertebrates at field application

rates. , . w-'"'vy.--;'>̂ .
!'":.''1--''" - '

Adams (1950) and Adams find Drew (1965) reported that appli-

cations of 2,4-rD could enhance aphid infestations of oat fields

by the toxic effects on the coccinellld larvae, which bio-

logically control the aphid.

Moffett and Morton (1971) and Moffett et a].. (1972) found

that 2,4-D was nontoxlc to honeybees when applied 1n a water

carrier, but oil carriers themselves were toxic. Bellman (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 resulted 1n good honey production.

Thera was no effect on the survival of earthworms treated

for 2 hours 1n 100 mg/Hter of 2,4-D (Martin and Hlggans, 1959).

Neither was the herbicide toxic to wireworms, spring tails,

mites, or grasshoppers (Fox» 1964; Putnam, 1949). The repro-

duction of plant parasitic ncmatodes was inhibited by 5 nig/Hter

and impaired by 8 ug/llter of 2,4-D (Webster and Lowe, 1966).
v* . ' • '

Reviews dealing with the effect of 2,4-D on Invertebrates In-

clude those by USDA (1968), Bohmont (1967), Mullison (1970),

and Pimentel (1971).

Fish. The earliest report dealing with the toxicity of 2,4-D to

fish is that of King and Penfound (1946). They reported that 1

rag/liter was not toxic to bluegllls or largemouth bass and 100

nig/liter was only slightly toxic. The herbicide DMA-2,4-D was

not toxic to fry of bluegUl, green sunfish, lake chubsucker, or

smallmouth bass exposed to 25 mg/Hter for 8 days (Hiltebran,

1967). Butler (1965) found no effect on longnose killifish treat-

ed for 48 hours with 15 nig/liter of DMA-2,4-0. There were no mor-

talities in bluegill exposed to 5 mg/Hter of 2,4-D for C weeks

(Cope et al., 1970), and 10 mg/Hter was not toxic to squawfish

(MacPhee and Ruelle, 1969), Sergeant et ol. (1971) found

that the acid and salt formulations of 2,4-0 were non-toxic to
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.-' • ' ' ''".,- ,*,*

green sunflsh at 110 nig/liter. However, BEE-2,4-0 was toxic at

the same concentration. :fhera"was no toxlclty to fish noted 1n ,

large-scale field applications of 8EE-2.4-D or DMA-2,4-D (Beaven
• ' _ : W '•••' '

et aU, 1962; Sears and<Maehan, 1971; Whitney. 1970; Wojtallk

et aJL, 1971). In another field study, Smith and Isom (1967) re-

ported that.fish temporarily moved out of an area treated with

B£E~2,4-D» btit no toxlclty was noted.

. ~ ' ' • • , * , ' ' '

SumnaHes or references to'fish toxlclty data are given 1n

USDA, 1968j Bohmont/196?s |Lawr«nce, 1962a; MulHson, 1970; and

Plmentel, 1971.

/Unphlblans. Frogs and turtles showed no toxic effects from 2,4-D

treatment of ponds (Pierce, 1961), Sanders (1970) reported that

tadpoles of the Western Chorus Frog withstood 50 mg/Hter of

DMA-2.4-D for 96 hours.

Birds, Fertile hen eggs tolerated Injected doses of 50 mg/llter of

2,4-D with no effect on hatching (DunacMe and Fletcher, 1970).

In the same study, the only teratogenlc effect was feather blanch-

ing, which was not fatal. Sowers et «K (1973) sprayed fertile

chick eggs with the recoiinniended field rate, and 10 and 20 times

the recoranended rate. They found «o toxic effects on Incubation

performance, hatching, or growth of the chicks. Daily doses of
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300 mg/kg of 2,4-D for several weeks ware not toxic to chickens

(Bjorklund and.Erne, 1968). •/.tynltfetutad and Pattlgrew (1972)
" . •• - :'-\ '' • -J, . . ' .-if'.

found that chicks tolerated a dietary'l*vel of 5,000 mg/kg for

1 week without toxic effects, Schultz and Whitney (1974)

reported that field application of 2,4-0 had no effect on the

hatching of boatrtaflad' gr̂ ckie egf$ or development of fledgl-

1ngs. ' ' ' • . . . • •:;:*'#•!: ,"; . <
tt • v

j .• ' - '•" •.'. • '

Mammals. Hansen et ali (1971) fed rats 1,250 rag/kg and beagles

500 tng/kg of dietary t»4-D for 2 years with no toxic effects.

Seven doses of the alkanolawine salt of 2,4-D at 500 ng/kg was

fatal to sheep and 44 dos«s of*200 ir®/kg was fatal to cattle
• •"" ' -*• - >• ' "

(Palmer and Radelaff, 1964). In the same study, nine doses of

the prop/lane glycol butyl ether ester of 2,4-D at a level of

250 ing/kg was fatal to sheep, R̂ aattfi daily doses of 50 rag/kg of

2,4-D were fatal to p10s |8Jorklund and Erne, 1966). No toxldty

to cattle was noted yhen they.. ingtsted forage frcan pastures

sprayad with norcml-'or"t to 4 tlmaili the recommended rate of the

herbldda (Mitchell at «1̂ f .1940;.GHgsby and Farwell. 1950).

Hassall (1965) stated that animals should be excluded from
, • ' ;•. '•' '• '"'• • ;

sprayed areas for 2 weska to eliminate possible toxic effects

of the herbicide and also because naturally poisonous weeds may
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be rendered wore palatabla after spraying. Clegg (1971) report-

ed no effects at 25 mg/kg of 2,4-D and further stated that no

problem Mould fee anticipated if dloxln contamination was not

a problem.

Human safety. Some humans evidently have Individual sensitivity

to 2.4-D or the other contents of the formulation (Anonymous,

1956; Berkley and Mage*. 1962), One Individual acddently In-

gested about 110 »g/kg body w«1ght without fatal results (Ber-

wick, 1970). Hayes (1971) stated that the oral dose of 2,4-D

required to produce Illness 1n nan is about 3 to 4 g. An Intra-

venous dose of 2.0 g produced no Illness but an Intravenous

dose of 3.6 g produced coma, hyporeflexla and urinary Inconti-

nence. Recovery was marked In 24 hours and complete 1n 48 hours.

An oral dose of 6.6 g led to convulsions, followed by death. Ho

genetic effects were noted 1n 220 men exposed to 30 to 40 tng of
.-. • ' ''•'"• •

2,4-D/day over extended periods (Johnson, 1971).

•' • . '•' .'l! '.. '-, ,-',
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."..'„' •'., RESIDUES

Methodology. The varioys formulations of2,4-D are recovered

from water by treating the water with acid or base, partition-
• * " ' ' • '

1ng with an organic solyer#, followed by a column cleanup and

derivatiza^ion for glc analysis {Devlne and Zwelg, 1969; Faust

and Soffet, 1966; Schiutts, 1973; Schultz and Harman, 1974;

Schultz and Whitney, 1974; Wilder, 1968). Hesselberg and John-
' " ' ' . ' ' ' < ! .

son (1972) and Rodger* and Stalling (1972) used column ex-

tractions for 2,4-D residues 1n fish. Coakley et aU (1964)

and Duffy and JShaldon (1967) gava procedures for extracting

BEE-2,4-0 from shellfish and fish. Procedures for extracting

2,4-D from raud entail the use of methanol, acetone, or ethyl

ether combined with other cleanup procedures (Hssselberg and

Johnson, 1972; Schultz, 1973; and Woodham et al., 1971).

Procedures for extracting 2,4-0 residues from fatty foods,

animal products, and animal tissues utilize solvent extraction,

partitioning with base, soxhelet extraction, and cleanup pro-

cedures (U.S. Dept. HEW, 1968; Clark, et ajk, 1967; Crosby and

Bowers, 1966; Yip. 1971).
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Maagher (1966a» 1966b) gave procedures for extracting 2,4-D,

the Isopropyl ester of 2,4-0, and a 2,4-D conjugate from citrus

peel, while Gutenmann and Msk (1963) and Y1p (1962) gave pro-

cedures for determining 2,4-D residues in forage crops.

Rivers et^aJU (1970) and Shafik £t tri. (1971) reported methods

for determ1nat1on;of 2,4-0 in human urine and blood.
" » ' ' . ' " . ' .

Garbrecht (1970) aud Scogglns and Fitzgerald (1969) reported

ester1f1cat1on procedures for chlorophenoxy adds prior to glc

analysis. Purkayastha (1969) detected ionlzable herbicides by

means of electrophoresis*

Residues. The persistence of 2,4-B in water has been reported

by many workers. Aver1tt (1967) sprayed waters in Louisiana

with DMA-2.4-D at the rate of 4_.48 kg/ha and found maximum con-

centrations of 727 ug/Hter and 1,020 ug/Hter after 1 week 1n

middle and bottom strata of water, respectively. After 3 weeks,

concentrations had fallen to 12 ug/Hter and 10 ug/Hter, re-

spectively. He also sprayed two lagoons at the same rate and

found concentrations of 639 ug/Htar and 967 ug/Hter after 1

day and 11 ug/Hter and 19 ug/Ht«r after 31 days. Grzenda

(1963) treated ponds with 0*6 ug/Hter. After 62 days residues

were less than 1 ug/Hter. Klelnschmldt (1969) reported detect-

able levels of residues in water treated with 8EE-2.4-D for up
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to 22 days but stated that w residues could ba detected after

29 days. FranSc and Comes (1967) treated ponds with 1.33

mg/Hter 8EE-2,4~B and found only 0.024 ing/liter 1 day post"

treateent and less than P»CO] rag/liter after 36 days. In pondi

treated at 8.96 kg/fta_ residues declined from 0.34 ing/Hter and

0*69 rag/liter after 1 day In Florida and Georgia ponds» re-

spectively, to less than 0.005 eg/liter by 28 days (Schultz and

Haraan, 1974). In Missouri ponds treated at the same rate 1t

took 56 days for residues to decline to less than 0.005 ug/liter.

The highest residue found in water sprayed at 4.43 kg/ha of an

oil-soluble aroint salt of 2,4-D was 37 ug/liter, 1 day post-

treatment (Schultz aiad Whitney» 1974). When Irrigation ditch-

banks were treated at 1.56 to 3,36 kg/ha 2,4-D, the maximum con-

centration found In tha canals was 213 ug/liter and 25 to 61

ug/Hter 1n tha irrigation urater (Bartley and Hattrup, 1970;

Frank et al_.» 1970). Manlgold and Schulza (1969) reported a

residue of 0.3S ug/Hter In IS out of 20 stations, while Brown

and Nlshloka (1957) found tu> herbicide residues from streams
,< • *

analyzed for 2»4-D as part of the National Pesticide Monitoring

Program.

Schwartz (1967), utilizing 14C-2,4-0, reported that 60% of

tha 14C remained" In sewage effluent for 3 to 6 months. However,
*£ • i'./

ha determined only *̂ C and not actual/2,4-D. Oysters and claras
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contained between 3.5 and 3,7 rag/kg of 2,4-D after exposure for
T.

3 days to an application of 33.6 kg/ha (Coakley et ajL, 1964).

Sralth and Isom (1967) fepbriad'a roaalraura concentration of 1.12

Big/kg In {missels taken from water treated at 44.8 to 112 kg/ha

of BEE-2.4-D. iOysters contained residues of 1.45 rag/kg after
•c , '• ' ,''

treatment of 44.8 kg/h* of BEE-2,4-0 (Thomas and Duffy, 1968).

Wojtallk et al. (1971) reported that plankton contained 3.6

ug/kg 4 weeks after treatment at 44.8 kg/ha DMA-2,4-D. Whitney

(1970) reported that the highest residue 1n benthlc organisms

(grass shrimp, damselfly nymphs, and scud) was 0.23 rag/kg 24
-•• ' ., - ..-; ,¥"̂  ;•„*,--,.

hours post-treatment and that residues 1n blue crabs never ex-

ceeded 0.10 ®g/kg. ^

Sears (1971} found the maxln-ium concentration was 0.5 mg/kg

1n fish from streams adjacent to cut-over land sprayed with

2,4-D, while Cope et'aK- (1970) could detect no 2,4-D 1n fish 4

days after treatment with up to 10.0 mg/Hter of 2,4-0 In ponds.

Walsh (1971) reported no refldues of 2,4-D 1n fish fed 10 mg/kg

In their foud for 2 weeks and 8*4 wg/Hter 1n fish fed 100
v . -. • . '•

rag/liter for 2 weeks.. No residues were detected in the latter
• •''.' •" '̂', ' •.. .

fish after being fed a heribldde-fre* diet for 2 weeks. Rodgers
'""." •<*"?• •'' • , •• •* ' . '•

and Stalling (1972) found that whole body or tissue residues In

rainbow trout, blueglli, and channel catfish were proportional
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to the exposure concentration. Only the liver contained de-

tectable quantities of B£E-2,4-D» whareas the other organs

contained only the add with the highest concentration 1n

bile. Schult? (1973) exposed fish to 14C-DMA-2,4-D and found

radioactive residues ubiquitous for 84 days. However, the actual

2,4-0 content was negligible. Among three groups of ponds treat-

ed at rates of 2.24, 4.48, or 8.96 kg/ha of 2,4-0, Schultz

and Haraan (1974) found no residues In fish 14 days post-treat-

went 1n Florida ponds, a residue of 0.075 mg/kg 1n bluegill

from Georgia ponds, and no residues 28 days post-treatment 1n

fish from Missouri ponds. Of fish taken from Florida canals

sprayed at 4.48 kg/ha of 2,4-D, only 3 contained residues as

high as 0.1 mg/kg, 16 had less than 0.01 mg/kg, and 41 had no de-

tectable residues {Schultz and Whitney, 1974). Whitney (1970)

reported that the highest residues 1n fish were 0.23 mg/kg In

largemouth bass as a result-of treating 200 acres of Eurasian

watermllfoil with .BEE-2,4-0, while Smith and Isom (1967) re-

ported a raaxfmum residua of 0.20 rag/kg in fish from an area

treated for milfoil control.
> ' ,

Breast muscle and liver of Florida gallinules contained

2,4-D residues of 0.30 and 0.68 mg/kg, respectively, 1 day,

and no detectable residues 4 days after canals at Loxahatehee

National Wildlife Refuge were sprayed with 2,4-D for water-

hyacinth control (Schultz and Whitney, 1974).
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Residues were detected in mud for up to 6 weeks from ponds

treated at 0.1 Big/liter to 10 wig/liter (Cope et aU» 1970).

Frank and Canes (19S7) reported residues of 4.96 rag/kg, 0.06
v

rng/kg. and less than 0,005 rag/kg in mud from ponds 1, 36. and

85 days post-treateent with a 1.33-mg/lltar concentration of

2.4-0. Mud frari Florida and Georgia ponds treated at 2.24,

4.43, or 8.96 kg/ha of 2,4-D contained no residues exceeding

0.05 rug/kg. Mud from Missouri ponds treated similarly contain-

ed a maximuw residue of 0*17 tag/kg at 3 days and no detectable

residue 28 days after treatment (Schulta and Harman, 1974).

The maximum residue in qajd frcsa Loxahatehee Refuge was 0.005

rag/kg 15 days post-treatment with 4.48 kg/ha of 2,4-D (Schultz

and Whitney. 1974). Kojtalik 6t al. (1971) reported residues

of 0.30 ing/kg in mud 2 oontha after treatment at 22.4 or 44.8

kg/ha of DMA-2,4-D and residues less than 0.10 mg/kg 6 months

post-treatment.

Cops et «]£ (1970) reported that vegetation from ponds treat-

ed with 0.1 tb ;10;0 rag/1 liier of 2,4̂ 0 contained residues for up
• -,."'' - •• •••'• '•• • ' • ~

to 6 weeks. Smith and Isc« (1967) found that Eurasian waterm11-

foil contained 8.25 ng/kg 24 hours after treatment at either 44.8

or 112 kg/ha of BEE-2.4-D.



• •. • . 35

• ..-_•; • ; •, ' i *

When rats war® fed lOQ-mg C-2,4-D, all tissues and organs

examined contained radioactive•material 6 to 8 hours after the

dose. This radioactive residue persisted for 17 hours. The

largest amount of residue was 1,690 ug/0.1 g dry tissue found

1n the stomach of rats 24 hours after a dosage of 80 mg (Khanna

and Fang, 1968), Z1s11nsk1 and F1shbe1n (1967) reported that
. ' ,:,•' • 'f ' .' i,- •

esters of 2,4-D disappeared more rapidly than the free add 1n

mice fed various 2,4-D formulations. Only about 10% of the

2,4-D was recoverable 24 hours after treatment. No 2,4-DCP was

detected In animals Injected with 2,4-D or Its butyl or 1so-

octyl ester.

Less than 0,05 mg/k§ 2,4-D or 2,4-DCP was found 1n the milk

or cream of cows fed 30 to 1»000 rog/kg dietary 2,4-D for 2 to 3

weeks and then placed on untreated feed for 1 week {Leng, 1972).

Negligible residues (less than 0.1 mg/kg) were found In the mus-

cle and fat of slaughtered animals fed 2,4-0 for 4 weeks at 300

rag/kg. Cows fed 300, l,000a or 3,000 rag/kg of 2,4-D contained

residues of 1.1, 4.9, and 5»3 rog/kg, respectively. In their kid-

neys. Residues in shaep weresimilar to those found 1n cows.

There was no withdrawal period In the latter two studies (Leng,

1972), When a steer was fed 113.5 mg of 2,4-Ds 100,65 ug was

recovered 1n tha urine (L1sk et al., 1963). Guteranann et al.
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(1963) fed a Jersey cow 5 Rig/kg of 2,4-D 1n grain for 5 days.
, . • • ' - ' • : ' " ' . •

Ho residues were deteeted'-.fn.:d4ily'saniples of milk or feces.

They also fed a heifer 5 rag/kg and took samples from ft fistula
. ' • ' , ' ' • ' • •.';• .• ' , ''•

over a 23-hour period. Recovery of S.4-D dropped from 3.5
. ' • •:'J-^".. / ,••»*.> ';••:;': - ;- ' •'

Initially to 0.5 mg/kg at th? end of the experimental period.

Metabolites and degrade tier, products. Extensive studies have

been conducted on the d&gfa44tipn and metabolism of 2,4-D by
'">''"' if- •• ' •'- ' ••

bacteria. Bell (1957, i960)reported that an Achroaobacter

species Isolated from soil would degrade 2,4*0 via oxidation.

He reported that about S4S of̂ the chlorine from 2,4-D was re-

leased as chloride. Anderson and Okrend (1968) found an
'••.• "'. • P*

Aerobacter species which degraded 2,4-D by 90% 1n 15 days. A

species of ArthrobacteiF cleaved the ether linkage of 2,4-D ace-

tate resulting, through.pxidatlon» In 2,4-DCP (Tledje and Alex-

ander, 1969). The enzyma responsible for this cleavage convert-
V ' ••'• .

•til ' '• •>' ' • ' • • • . ' . . . ' • • '

ed '̂ C-Qcetate-2,4-D to alanlne and a volatile product, ^ne
" ' ' ' . ' ' <'?.'*• • • • ' • ' ' ' '

authors proposed that glyoxylats was the Initial product formed
;.'...' '•,"•.

1n cleavage of the side" chain and that alanlne was produced by
' • - • ' x-

condensation of two molecules of either glyoxylate or glydne.

Tledje et a]_. (\969) reported that 2,4-D was metabolized by an

enzyme preparation to succlnlc acid* An enzyme from an extract

of an Arthrobacter species dehalogenated 2,4-D and produced

2,4-DCP v/h1ch was, 1n turri» further metabolized (Uoos et al.»

1967). Other workers found that extracts from an Arthrobacter



species would degrade 2»4-4X&» and other secondary degradation

products of 2,4~D (BolUg et al>, 1968a, 1968b, Duxbury et ajL,

1970). ," . ;

Faulkner and Woodcock (1964) stated that Asperglllus n1ger

would metabolize 2,4-D to :2,4~4ichlor»-6~hydroxyphenoxy-acet1c

add while Steenson ami talker (1958) reported transformation

of 2,4-iMnto 2,4-OCi* by '| strajn of f lavobacterlum pgregHnum.

Rogoff and Reid (1954) reported a Coxyna bacterium which metabo-
^ ' , ' . • ' ' , ̂*"*"**i**ruuJt

Hzed 2,4-D In buffered solution with a quantitative yield of

chloride 1on. Two.Pseitdonionas strains from soil utilized 2,4-0
v '•' "''

as a sola carbon source (Evans etaJUt 1971), One of the

pseudomonads converted 2,4-D to 2,4-DCP* 2-chlorophenol,3»5-

dlchlorophenol, and alpha-chloromuconate. The second Pseudoroonad

metabolized 2»4-0 to 2,4̂ d1chlorcH&-hydroxyphenoxy-acetatet
' • i - * . . ••, ' ' ' , ' •

2,4-DCP* 3tS-d1ch1orocateC!iol aiid alphitrflaiqmHIchloromuconate.

The authors found that dechloHnation had to occur at the

4 (paraj position befora «^1ng fission could occur. Gaunt and
* • '* -y

Evans (1971) atnd Gasnar and Gaunt (1971) found that a 2,4-D ana-

log was watabollzed in $Mta»* fashion to that above. Apparent-

ly, tha formation of adaptive entrees 1s necessary for the rapid

degradation of 2,4-D (Robock et aj[. t 1963; Schwartz, 1967; Steen-
' • ! • ' . , ,

-..•'.' ,•"-.., •'•': .-

son and Walker, 1956; and talker and KewnBn, 1956).
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Daly (1971) found that J3EE-2,4-0 was degraded to 2,4-D In
'• . > - : • . • *

systems containing living material, pond water, polluted water,

and water with milfoil, while Rodgers and Stalling (1972) re-

ported that the hydrolysis of BEE-2,4-0 to 2,4-D was accelerated

by the presence of fish. The sodium salt of 4-(2,4-d1chloro-

phenoxybutyric add) C4-(2,4-4)B)3, on analog of 2,4-D, was con-

verted to 2,4-D by fish (Gutaitoann and Llsk, 1965), also Lisk

et alL (1963), reported that sttsri fed 4-(2»4-D8) eliminated

1t 1n the urine as 2,4-D. Hhen fish were exposed to DMA-2,4-D,

one of the major metabolites was a glucuronlde (Schultz, 1973).

The majority of the 2,4-0 fed to rats was excreted unchanged

In the urine (ShafIk et aj..\ 1971). Mitchell et a].. (1946) re-

ported finding 2,4-D (probably as a salt) 1n the blood serum of

cows fed forage treated with 2,4-D. Eisner et aj_. (1971) re-

ported finding 2,5~d1cblorophenol In the defensive froth of

grasshoppers and postulated that U was a degradation product

of the 2,4-D applied to vegetation. Sheep fed *4C-2t4-D yielded

approximately 96% of the Intact molecule In the urine in 12 hours

while less than 1.4X was excreted In th* feces (Clark et. al_.,

1964). These authors found littla radioactivity In edible t1s-
" ' . , - , . ' . -'it

sue and concluded that 2,4-0 was excreted essentially unchanged

by sheep.



In an early report of 2,4-D breakdown, Winston and R1tty

(1961) stated that under fiald conditions 2,4-D was not de-

graded to 2,4-DCP but, rather, to fcOg, HCT, and HO. Thomas

et aJL, (1964) reported tKat phenoxyacetic acids with a chlorine

atom at position 4 were Wt readily hydroxyl a ted. A heat=

labile, insoluble, conjugated form of 2,4-D was found 1n citrus

peel by Meagher (1966b).JHf speculated that the herblcldal

molecule was probably Conjugated with pectin. Llnscott et aK

(1968) and Hagin jet a].. (1970) reported that 4-(2,4~DB) and

2,4-D were converted to inactive compounds by resistant grasses.

These Inactive compounds had'longer side chains than the parent

compound thus preventing beta-oxidation and also preventing

subsequent translocatlon to the site of action. Freed and

Montgomery (1969) reported -that the principal routes of metabo-

lism of phenoxyacetic acids in plants were via conjugation and

hydroxylatlon. Menzie (1969) and loos (1969), compiled ex-

tensive reviews of the degradation of 2,4-D in soil, plants,

bacteria, and animals*
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REGISTRATION STATUS

In the April 27, 1972 'Federal;Register (Vol. 37, No. 82)

Environmental Protection Agency and Food and Drug Admini-

stration (HEW) announced:the issuance of proposed tolerances,

for dimethylasrtae salt; 2J4-D (DMA-2,4-0) used 1n control of

weeds on irrigation ditch banks. A Q.l-mg/Hter (negligible

residue) tolerance was Issued for DHA-2,4-D that may be present
. ... . - •> V'-'"" .%;.••.•,••• -• ' • • ' ' • '

1n potable water only as a result of application of DHA-2,4-D to

ditch banks 1n western United States in programs of the following

groups: Bureau of Reelamationi; cooperating water user organi-

zations; the Bureau of Sport Fisheries and Wildlife, USDI, and

the Corps of Engineers* USOD (21 CFR Part 121). Livestock are

to be excluded from treated ditch banks, and there 1s no

reasonable expectancy of ?»4-D residues 1n milk or meat as a

result of ditch bank treatment.

At present there 1s a request for a label for use of DHA-

2,4-0 for control of wee<jls on irrigation canal banks. This

petition Is sponsored by tha Bureau of Reclamation and coopera-

ting water users and the Bureau of Sport Fisheries and Wildlife,

USDI, Agricultural Research Service, USDA; and the Corps of

Engineers, USOO. '
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The Corps of Engineers» USDD Is also presently seeking a

label for th« use of DMA-2»4-D for control of waterhyadnth

1n moving waters. Petitions have also been supported by, or

submitted by, Ainchero products. Inc. and the Dow Chemical

Company for other fomul at ions of 2,4-D,

A copy of one proposed label has been appended to this

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

Species

Red Mexican beans

Sugar beets

Concord grape *

Cattail

Eurasian water-milfoil

Lotus
Spatterdock
Water chestnut
Arrowarum .
Keedlerush
Hibiscus
Groundsel bush
Hightide bush
Swamp loosestrife
Willow
El odea Canadensis

Concentration

2.24 kg/ha
6.72 kg/ha

0.91 I 2.72 kg
in water for
irrigation

2.24, 4.48, •
8.96, 17.9
kg/ha

6.7 kg/ha

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 •
liter water

4.48 and 6.72 kg/ha

*

Exposure Formulation Comments

Acid 0.91 kg during seedling stage injured top growth
and roots but didn't reduce yield. .2.73 kg re-
duced yield 4QSL 0.91 kg at bloom stage did not
reduce yield. 6.72 kg reduced yield 29%.

Acid Both concentrations lethal during seedling stage
and reduced stands in 1 in. diameter stage.
2.72 kg at 1 in. diameter stage reduced sucrose.

Acid . Lethal to 13, 33, 65, & 54* of plants respective-
ly, lesser cone. No effect. Root systems of in-
jured plants partially destroyed. .

BEE Single annual application in 112.3 liters diesel
fuel/ha was effective for control. No effect on
biological activity at nearby sewage lagoons.

BEE •

DMA

s'~

• •

2 months DMA combined 4.48 kg/ha gave 502 control in 2 months. 6.72

Citations ^

Bruns, 1954 4''

Bruns, 1957

Bruns & Clore,
1958

Corns & Gupta,
1971 ^

u>

Daly, 1971

DeVaney, 1967

Foret, 1967
with

molasses.
kg/ha gave 74S control in 2 months



Table 1.-- Contd

Species Concentration Exposure Formulation Comments Citations

Waterlily, lotus, Not '
spatterdcck, pennywort, given
willow, sedge, smart-
weed, cattail, arrow- . r.
head, pickerel weed,
bullrush, spikerush,
knot grass, need!crush,
southern water grass,
Sago pondweed,
American pondweed

Eurasian-water-milfoil . Not given

Acid

Waterhyacinth

Dandelion
Agoseris
western yarrow
Rydberg Penstemon

Hydrilla

Mountain maple

Alligatorweed

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

1:1430 (acidrwater W/V)
1:1140 (add:water W/V)

Not given

97 kg/ha

0.91 kg/13.25 liter water
aerial spray

8.96 tcg/ha

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

2-ethylhexyl
and Granular
BEE

Acid

Not good control for the last two. Not good for
use in irrigation canals due to lack of persist- •
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 control was marginal.

Frank et_aK> 1963

Granular contain-
ing 202 BEE of
2,4-D

BEE

DMA

DMA

Some reduction in amphipods and molluscs probably
due to secondary effects such as smothering and
habitat changes.

Got 90-1 DOS kill

Reduction was by 91X. 992, 85X, and 88* re-
spectively.

Good control

Used to top kill maple and stimulate undergrowth
used for deer browse.

Excellent control after 16 weeks when used with
dichlobenH.

% control for 5 mg/1 in KjO was 40, 40, 90,40, 90 re-
spectively. % control for 100 mg/1. in ̂ 0 was 95,
90, 100, 100, 100 respectively. % control for 5
mg/1 sprayed on plants was 35, 80, 100, 45, 95, re-
spectively.

Haven, 1963 .

Hildebrand, 1946

Keith et H., 1959

Kleinschmidt, 1969

Krefting and
Hansen, 1963

Lapham, 1964

Lawrence, 1962b



able 1.-- Contd

Species

iyacinth
Uligatorweed

fyraphaea odorata
'otamogeton

Concentration Exposure
k

2.24-4.48 kg/ha
8.96 kg/ha

1.5 mg/1. 11 months
3.1 mg/1

Formulation Comments

Amine salt - DMA ''• Used for control 1n 1945 & 1948-50
Used in 1950-52 with spotty results.

Granular • Nymphaea odorata eliminated by all 3 concen-
trations. Potamogeton accelerated by 1.5

Citations

Martin et a!.,
1957

Pierce, 1960

Jtricularia
purpurea

fiymphaea odorata
Brasenia sp.
Utricularia purpurea

Surface plants

101 a.e. at 0.9, 1.3
& 1.8 mg/1; 20% a.e. at
1.8, 2.6, & 3.6 mg/1.

1 mg/1; 2 mg/1.

Potamogeton crlspus 2 mg/1.

8 weeks

3 weeks

Waterhyacinth 4.48 kg/ha

Eurasian watermilfoil 44.8-112 kg/ha.

Eurasian watermilfoil 10.16 metric tons
20% a.e./80.94 ha.

Spring parsley Not given

Eurasian watermilfoil 22.4-44.8 kg/ha

Aqua granular

Amine(oil)- Emuls-
amine 3
DMA-2,4-0

2,4-D BEE

BEE

.DMA, PG8EE

DMA-2,,4-D

mg/1. 3.1 and 6.2 mg/1 reduced but did not
eliminate U. purpurea.

N. odorata and Brasenia sp. eliminated at all
concentrations. U. purpurea reduced but not
eliminated by 1.8, 2.6, & 3.6 mg/1.

Applied in combination with fenac. Resulted in 502
reduction in surface weeds. Sprayed in combination
with endothal at 2 mg/1. 50% clearing of surface
noted in 8 weeks. No effect in Chara, Potamogeton,
common sedge, fish or inverts.

Applied with endothal. Hastened winter bud formu-
lation and/or death of the plant in 3 weeks.

General application was with the Emulsamine 3
and spot treatment was with DHA-2.4-D

Pierce, 1961

Pierce, 1968

Pierce, 1969

Schultz and
Whitney, 1974

No adverse effects noted on mussels, clams, aquatic Smith & Isom,':
fauna or water quality. Fish moved out of treated area . 1967

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

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

No distinguishable response noted in zoo or
phytoplankton, benthic macroinvertebrates or fish.

Whitney, 1970

Williams, 1968

Wojtalik et a!.,
1971 ~



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

Concentration Water Testing
Organisms Treatment

Concord grapes 2.24 kg/ha
4.48 "
8.96 "
17.9 "

Oyster larva
0.025 mg/1
0.05
0.10
' 0.50
0.025
0.05
0.10
0.25
0.50
1.00
10.00
50.00 "
100,0

Csphnia inagna

Daphnia magna

Seed shrimp

Scud

Sowbug

Toxicity Exposure Temp Loading regime

13% killed
33% "
65% "
54% "

% mortality
-5
-3
-20
-2
-16
-2
-7
-8
-12
-n
-3
-48
-55

•IC50- >100 ug/g

TL50-Q.10 mg/1 48 hr. 21° C
" -4 0 " " "
K _5[6 .. n ii

TL50-0.32 " 48 hr. 21° C
n _g_Q •• » ii
11 .1 A " " • * "

TL50-2.6 "
" ->100.0 " "
H — c 2

 M " n

TL50-2.2 " 48 hr. 15.3° C
" ->100.0 " " "
» _3_g n u

— t
Comments •

Lesser concentrations showed no effect.
Roots partially destroyed.

First 4 mortality figures from tests
with a 2,4-D ester. The rest of mor-
talities from tests with an unnamed
2,4-D salt.

Immobilization concentration

/' PGBE
DMA .
BEE

PGBE
•DMA
BEE

PGBE
DMA
BEE

PGBE
DMA
BEE

Citations

Bruns & Clore
1958

Davis & HidUj
1969

.

Crosby & Tucker,
1966

Sanders, 1970b



Table 2.-- Contd.

Organisms

Glass shrimp

Crayfish

Ganmarus lacustris
(Scud)

Fiddler crab
(Uca pugnax)

Concentration
treatment Toxiclty

TL50-2.7 rcg/1
" - >100.0 "
" - 1.4 "

TL50->100.0 "
>100.0
>100.0

LC50-14QO ug/1
" -2100 "
" -6800 "

LC50- 760 "
" -1800 "
" -4600 "
• - 440 "
" -1600 "
" -2400 "

10,000 mg/kg 100%(50£/72 hrs)
5,000 " 100£(50%/96 hrs)
2,500 " 1002

Exposure

48 hr.
tf

II

48 hr.
II

II

24 hr.
"
H

•48 hr.
U

II

96 hr.n
M

108 days

10 days

Water
• Temp.

21° C
11

11

15.5° C
11

H

21° C
it

ii

U .

II

H

U

It

11

•

1,000 " 1002(10-202/2 wks) 17 days

Stone fly naiad IC50-8.50 mg/1
" -1.84 "
' -1.60
" -56.0 "
" -44.0 "
11 -15.0

24 hr.
48 hr.
96 hr.
24 hr. '
48 hr.
96 hr.

' -
Testing

Loading regime Consents . Citations

PGBE
x DMA

BEE

PGBE
DMA

1 BEE

2,4-0-BEE Sanders, 1969
" -PGBE
" -IDE

2,4-D-BEE
11 -PGBE
" -IDE

2,4-0-BEE
" -PGBE
" -IOE

There was no effect from 100mg/1 DMA
after 96-hr,

Removed and 2,4-D Acid. Injections of the Na-Salt Sudak & Claff,
washed after showed toxicity to be greater than 0.4 1960
12-hrs. mg/g.

2,4-D BEE Sanders i Cope,
1968

' . U

2,4-D
II

It

Coccinellid larvae 8 oz ae/acre 31 of 77 died. Used mixed amine salts.. Mortality.more Adams, 1960
than 2 times .as great in treated than in-
controls up to pupation. During pupation
mortality was no greater. Deformity was
greater in larvae sprayed at later stage of
development.



Table 2,-- Gontd

Concentration
Organisms Treatment Toxicity

Honey Bee
{Apis mell 1f era)

Harlequin
fish and

Rainbow trout
Harlequin fish
Rainbow troutii . ii
Harlequin fish

II U

Trout

Fathead minnow
eggs

Killifish
Bream (Lepomis gibbosus)
Bullhead (Ictalurus
nebulosus)

Striped bass
(Morone saxatilis)

Green sunfish

Bluegill

LD20-71.45 ug.
LD50-104.50 "
LD90-186.60 "
TLm-7000 mq/1

"• - 4800 "
" - 1160 "
." - 250 "
" - 210 "
" - 1.0 • "
" - 1.0 "

TLm-250 mg/1
" -210 mg/1

TUn-5.6 mg/1
" - 1.5 mg/1

LD50-2000 mg/kg
LD50-1000 mg/kg
LD50-ZOQO mg/kg

Water Testing
Exposure Temp. Loading regime

24 hr.
it

ll

24 hr.

48 hr. .
24 hr.
24 hr.
48 hr.
24 hr.
48 hr.

24 hr.- -
48 hr.

96 hr. Static
48 hr.

20-25° C 1 fish/gal
It «

(i II

LCn -Oi.T larva 2-.Q fry 96 hr.
LC50-0.15 " 3.0
LC100-0.25 " 4.0

5X10'4M

TL50->100.0 mg/1
11 - 1.1

11 ' U

11 a

60 mlru

48 hr. '24° C
U II

4

Comments

Na-Sa]t\>f 2,4-D toxicant was fed to
the bees

Shell 2,4-D QR pellets

2,4-D NaSalt

2,4-D triethanol amine
2,4-D BEE

2,4-D-triethanol amine salt

Egg mortality was 1002.

2,4-D add

-••'

2,4-D Butyl ester safe for use with
fry. Nothing safe with larva.

BEE

DMA
BEE

Citations'

Jones & Connell,
1954

•Alabaster, 1959

Alabaster, 1959

Mount & Stephan,
1967

Harrisson & flees,
1946

Hughes, 1973

Sergean̂  1971

Sanders, 1970b



Concentration Water Testing
'Organisms

Bluegill

Bluegill

Bluegill

-

Treatment Toxicity Exposure temp. Loading regime

TLm 650 mg/1 550 24 and
" 600 - ." 500 48 hr.
" 475 " 450
" 230 " 230
" 470 "425
" 327 " 327
" 265 " 265
11 200 " 200

TLm 542 ing/1 458 24. and 25° C. -10 fish/25 1 lake water
" 500 " 416 48 hr.
" 390 " .353
" 273 " 273
" 220 " 220
" 166 " 160-

TU-542 mg/1 650 24 hr.
." 500 ." 600
" 394 " 475
" 3SO " 470
" 273 " 327
" 220 '.' 265
" 166 " 200
" 458 " 550 48 hr.
" 416 • " 500
" 373 '450 '
" 353 ' 425
" 273 ' 327
" 220 ' 265
" 166 ' 200 '

Comments ^ Citation

Weedar-64 Hughes & Davis,
1966

x Crop Rider 6D-2
Crop Rider Amine 4D-2
Ortho 2,4-D
2,4-D Amine 4

Amine
Weed Rhap A-4
Producers given. TLm based
on active Ingredients
DMA-2.4-D

Commercially supplied, 2,4-D Hughes & Davis,
DMA salt; TLm based on acid 1963
equivalent.

Weedar 64 Hughes & Davis,
1962

Crop Rider 6D-2
„"' Ortho 2,4-D

2,4-D Amine-4
2,4-0 Amine
Weed Rhap A-4
Weedar 64

il

Crop Rider 6-D-2
Ortho 2,4-D
2,4-D Amine 4
2,4-D Amine
Weed Rhap A-4

The toxicity figures given are based on
the acid equivalent and the active ingred-
ients of DMA 2,4-D. Producers are also listed.

Bluegill TLH-188 mg/1 24 hr.
48 hr.

OMA-2.4-D Hughes & Davis.
1964



Concentration
Organisms Treatment Toxiclty E;

Bluegill

Largemouth bass

Largemouth bass
1

5

10

Frog

Bobwhite quail young 5,
adult

Mallard, young 5,
adult • >2,

Adult pheasant

Bodwhite quail
Young 5,

TLm-350 mg/kg
" 390 "
" 375 "
" 350 "
" 375 "
" 350 "

% mortality
mg/1 80

BO
mg/1 50

70
mg/1 40

60

TL50-100 mg/1

000 mg/kg LD50-28.000 mg/kg
» > 38,000 "

000 mg/kg " 8,250 "
500 " " >35,000 "

" >16,SOO "

000 mg/kg LD50-8.250 mg/kg

Water _ Testing
<posure - temp. ' Loading regime Comments . Citation

24 hr. 25° C 10 fish/25 1 Water fron x DMA , Davis iHard-ii »
48 hr.
24 hr.
24 hr.
48 hr.

72 hrs.
96 hrs.
72 hrs.
96 hrs.
72 hrs.
96 hrs.

96 hrs.

••' • '
<100 days

<10 days

Ouachita River .TUn's based on 4 reps. castle, 1929
(24) & Dayou
DeSiard (24 &
48). Water
aerated.

DKA-2.4-D Lawrence, 19625,
Fathead minnows showed
no mortality after 96 hr.
at 1, 5, and 10 mg/1

Static assay Weedar 64 (DMA) Sanders, 1S70 a

DMA-2.4-D. Treatment level DeWitt et aJL,
is based on amount in diet. 1962
LD50 based on amount eaten

'• ' by the time 50« mortality oc-
curred. Treatment concentration
is the amount of DHA-2,4-0 in
the diet in mg/kg.

LD50's are based on average amount DeHitt et a1. ,y
Ring neck pheasant

Young 5,000 mg/kg 1050-19,780 mg/kg <100 days
Adult >5,000 mg/kg " >6,500 " <100 days

Mallard, young 2,500 " " 22,100 " <100 days

eaten by the time 50% mortality oc-
curred. Treatment concentration is the
amount of OMA-2,4-0 in the diet in mg/kg.



Table 2.— Contd.

Organisms

Young Bobwhite
quail

Young Coturnix

Adult Coturnix

it * u

Young pheasant

u »i

Mallardsii
u

Pheasants
Coturnix
Pigeons
Kule deer

Concentration . Water
Treatment toxidty Exposure temp.

% mortality
' 2,500 rag/kg 12 10 days

29 30 days
42 100 -days

2,500 " 12 10 days
12 30 "

5,000 " 7 10 "
27 30 "
33 100 "

2, -500 mg/kg 100 9a days •
LD50-56.776 mg/kg 94 days

5,000 rr,g/kg 8 10 "
84 30 "

LD50-15,998 mg/kg 19 days
2,500 mg/kg 28 30 "

36 100 "
LD50-X1000 mg/kg
LD50->2025 "
LD50-ca2000 "
" -472(340-654)mg/kg
" -668(530-842) "
" -668(530-842) "
11 -400-800

Loading

24/pen

25/pen

1 5/pen

.16/pen

25/pen

$

Testimg
regime

Male & female
3-5 mo. old
Hale-7 mo.
Male-3 mo-4 mo.
Male-2 months
Male & female
Female 8-11 mo.

Corments * Citations

\ *

Treatment cone, based on amount Stickel, 1964
of DMA-2,4-0 in feed. % mortality
based on number dead after 10, 30
or 100 days. Exposure time for
LC50 is time to 502 mortality.

•

Technical add Tucker & Crabtree,
Na salt. 1970

4 Ibs a.e./gal. lamina
Technical acid

it »

tl M *

tt II

Rats, mice, guinea
pigs, rabbits

Rat, Guinea pig

Man 6.5 g

- 300-1000 mg/kg

LD50-375-666 mg/kg
" -1000

Fed in H20, olive
oil, corn oil,
capsule or plain

Dow formulations

Orally administered. Convulsions
precede death. • Death thougtt to be
from ventricular fibrillation.

Rowe i Hymas, 1954

Johnson, 1971

Hayes', 1971
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APPENDIX A - COMMON AND TECHNICAL NAMES OF ORGANISMS

PLANTS ;

Common name

WATER PLANTAINS
Arrowhead

AMARANTHS
Alligatorweed

ARUMS
Arrowarum

SEDGES
Softstem bulrush
Sedge
Slender splkerush

GRASSES
Southern watergrass

WATER MILFOILS
Eurasian watermllfoil

FROGBITS
Florida elodea

DUCKWEEDS
Duckweed

BLADDERWORTS
Bladderwort

LOOSESTRIFES
Swamp loosestrife

MALLOWS
Hibiscus

Technical name

ALISMACEAE
Saglttarl.a 1at1foila

AMARANTHACEAE
Alternanthera phlloxeroldes

ARACEAE
Peltandra v1rg1n1ca

CYPERACEAE
Sclrpus valldus
Cyperus spp.
Eleocharis aclcularls

GRAMINEAE
Hydrochloa carol1n1ensIs.

HALORAGIDACEAE
Myr1ophy11um sp1caturn

HYDROCHARITACEAE
Hydrllla verticil!ata

LEMNACEAE
Lemna minor

LENTIBU LARIACEAE
UtHcularla vulgarls

LYTHRACEAE
Decodon vertldllatus

MALVACEAE
Hibiscus moscheutos
Hibiscus mllltarls
Hlblscu? laslocafpos
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Common name

PONDWEEOS
Curlyleaf pondweed
Sago pondweed
American pondweed

WATERLILIES
Fragrant water!ily
Watershield
Lotus
Spatterdock

BUCKWHEATS
Smartweed

PICKEREL WEEDS
Waterstar grass
Waterhyacinth
Pickerelweed

WATER CHESTNUTS
Water chestnut

CATTAILS
Cattail

CARROTS
Water pennywort

Technical name

NAOADACEAE
PotamQgeton crispus

jgectl natus

NYMPHAEACEAE
NymphajBa odorata
Brasenla schreberl

Mupjjaradviina

POLY60NACEAE
Polygonum amphiblum

PONTADERIACEAE
Heteranthera dubia
Elcriornia crasstpes
Pontader f a '

TRAPACEAE
Trapa natans

TYPHACEAE
Typna 1at1fol1a

UMBELLIFERAE
Hydrocotyle umbel!ata
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ANIMALS

Common name

MOLLUSKS
Eastern oyster

CRUSTACEANS

DAPHNIA
Daphnia

OSTRACODS
Seed shrimp

ASELLIDAE
Sowbug

ASTRACIDAE
Crayfish

PALAEMONIDAE
Grass shrimp

GAMMARIDAE
Scud

DECAPODS
Blue crab
Fiddler crab
Brown shrimp

INSECTS

Pteronardidae
Stonefly naiads

ACRIDADAE
Grasshoppers

APIDAE
Honey bees

Technical name

MOLLUSCA
Crassostrea virglnica

CRUSTACEA

DAPHNIDAE
Daphnia magna

Asellis spp

Orconectes spp

Palaemonetes kadiakensis

Gammarus lacustris

DECAPODA
Ca11enectes sap1dus
Uca pugnaJT*
Fenaeus aztecus

INSECTA

Pteronarcys californlca

Romalea microptera

Apis mellifera
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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
Bluegill
Smallmouth bass
Largemouth bass

Technical name

SALMON IDAE
Sal ;no gairdnerl

CYPRINIDAE
Ptychcheilus spp

CATOSTOMIDAE
sucetta

ICTALURIDAE
Ictalurus punctatus
IctaluruT nebulosu?

CYPRINODONTIDAE
Fundulus, sjmil̂ is

PERCICHTHYIDAE
Morone saxatilis

CENTRARCHIDAE
Lepomis cyanellus
Lepotnis' gibbosus''
Lepomis" niacrochlrus

dolonvfeui
Mi cropteru s sa 1 mo i des

AMPHIBIANS

FROGS
Western Chorus Frog

HYLIDAE
Pseudacris triseriata

BIRDS

PARTRIDGES
Red partridge
Gray partridge

PERDIDIDAE
Perdix rufa
Perdix



Common name

PHEASANTS
Pheasant

RAILS
Florida gallinule

GRACKLES
Boat-tailed grackle

86

Technical name

PHASIANIDAE
Phasianus cplchlcus

RALLIDAE
Galllnula chloropus

ICTERIDAE
Cass1d1x mexlcanus
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GENERAL DIRECTIONS

Recommendations made are for noncrop use to control annual and perennial
broadleaf herbaceous weeds and woody plants on banks of irrigation cab
anu irrigation drainage ditches. .'",' , '' '

Control of groadleaf Annual and perennial . .Weetls. Apj»ly 1 to 2 quar
2,4-D Amin« Weed Killer per acre In a sufficient volume of water to
v i d e go"od spray coverage of vegetation;20 to 100 gallons p«f* acre j|
usual ly sufficient . Treat when weeds are young and actively
the bud or early bioom stage. For harder-to-kUl weeds, a rapeat
be needed after 3 to 4 weeks for maximum results* Apply no
•treatments per season. : ' . •.,',-"• ':'*.'.*.''''?'..'':'•••. '•'''•'•'•

'. of.

'fefrf ore
.may

Control of Woody drus and1 Patches of Perennal___ or wpooy _ _ ____ ________ ________
gallon of 2,^-D Amlne Weed Killer in 15Q gallons of w,t:er.
thoroughly us.ing about 1 gallon of solution pe^^squaire 'r

Wet

Instructions. Apply with low-^res^ure (optimum ID psi ar»4,; .

; S. ..

over 40 psi) higH" volume power spray equipment mounted os
or boat. Spray operation Is to be made .ir̂ yeling' upstream to
cent rat ing chemical in the water. Spray when the air? Is fairly:
(5 mph or less). Oo not use on smalt canals (less than-, '10 'cubic '-
second), when water will be u$ed for drinking purpos»a. Boom
onto the water suface must be held to d ̂ IsMrwuw* -^Wfypn •spraying
weeds, avoid spraying over the water 'in tft̂ l ':'$.t reap** .incept to
line vegetation. Allow no more than 2 fe«{!t of spray onto water wl't&'0;ni •;
average of less than 1 foot of spray -over ' th*'watar;|s.urf ace to preŷ rtt; j
Introduction of .greatep thart^negl iglbl^ ; at*6ttnts of ĥ'emical In wate.r;«"!,:Avord'
cross-stream spraying to the opposite banH. Op not .spray the bâ ks;

sides of the stream at the'.same time. , Sprâ  each bank separately*-::.
- • " • • • - - - ' - ' • • ' ' • • ; ' " •'

into terms of

•!S
'"•V V

. .
Ccftvert pounds 2,̂ -D acid equivalent
AMINE WEED KILLER by the following table;

1 lb 3A'.lb Ib 1 b

2,^-D A M I N E
WEED KILLER 2 pt lrl/2- pt . 1 pt '1/2 pt

^-'ffi V.v"
''"'t ' '•': 'i .•>* ' ~> ...•f'nm; • ;•'



PROPOSED LA6€t COf»Y (right panel)

Typical ditchbank weeds controlled by 2,̂ -0 Amine
Weed Killer are as follows:

Annual arid Biennial Weeds

beggarstlcks
bull thistle
cocklebur
koch i a t-
lambsquarter
lettuce r (wild)
mallow
morningglory
marsh elder
mustards

parsnip
peppergrass
p I gweed
prickley lettuce
primrose
ragweed
Russian thistle
sunflower
vetch

"•'••' Perennial Weeds

bindweed
c a t n i p
Canada thistle
dandelion
dogbane
dock

goldenrod
hoary cress
nettles
plantains
water hemlock

%

/ CAUTION

Do not allow dairy animals;to graze on treated areas for at least 7 days
after spraying. Water Within treated feank^, should not be fished. Harmful
if swallowed. Avoid contact with skin, eyas, or clothing. Avoid sj&ray
drift to susceptible plant%, such as: cat̂ t̂ n, beans, tomatoes, an<fc'.o,roa-••..-.
mentals, as this produce may cause Injury. Coarse sprays are less -likely
to drift. Thoroughly clean spray equfpn^i with suitable chemical
before using for other purposes (or do not.'.lisa sptey equipment
purposes). Do not store hear fertilizer^

; fungicides. /. ••'(:,•••,' ,.'/ ; .}•;•,:

00 HOT USE THIS HEWIC10E AT RATES OR FOft HETHOOS OF APPLICATION
.TWM THOSE RECOMMENOEO ON THIS LABEL TO PREVENT SERIOUS CONTAM|N^tiKJ» Of

IRRIGATION WATER. PO NOT ADD INGREDIENTS WHER THAH WATER TO THE" ' '



• :
OF

W££D KILMER FOR COHTR<$ ftF WC5SS
ON miSATION CAN^ BANKS

' . . • - , • •,,.'
. , ' . . . • _. .")

The amine formulation of 2,4»D has been use4 for over 20 years
control broad-leaved weeds on.irrigation canal banks of the western
United States. The following directions summarize treatment
used by the Bureau of Reclamation and cooperation water users
zat ions. ;•'.''...;;; . • ••.. '• •. ";„..•.•"';,; , • .. '

- ' . / • , . • " ' ' • " , ' • . > '.:''•" "•'..'•

Araount of Rates of

Broad-leaved Annual and -Perrennlal .Weeds. \ Apply 1 to 2 quarts per
J.n sufficient volume of viater ib provide adequate coverage of
20 to 100 gallons per acre Is usually sufficient. Treat when
young and actively growing before the bud or early bloom stage
treatments may be needed lfl.:;3-..Q* k..weeks. f of;''max 5 mum control,
of woody brush and patches of perermfal brp^dleaf weeds, mix 1
2,*t~D w i t h 150 gallons of W«t»p. .• Apply' wt'tjh hand gun or
of spot application equipment.. V*t .foilag^ct^roughly using
of solution per square foot. . ' / ' , • ' .

Frequency and Timing of

Most i r r igated areas of t|ie .western"UnftedJ^States require only
cation of 2,*f-D amine in spring to early ^wmnjer to control
ditchbank weeds, Treatment timing »ff,U v»;ry locally but shcul4
when the weeds are young and actlvei'^ }grcn|thf|.'., be forei.'the 'bud'Of; .
bloom stage. A second application may be ;T*<ju I red after 3 or
raeximum results or when higher than norji»|! rainfall encourageis
crop of ditchbank weeds. The second sefaortal treatnxsi|»t can oftei»vbiB
nranaged by spot treatment of^the weedy yecsiBtat!on, particularly;!
weeds or woody plants. Intervals between treatments wil l vary aofordingf
to local conditions ranging-from a* ̂ l^i.ft^V.S.'̂ o 4-weeks or.-

to 2 months. - . • • • ' ' • ''•:''" "'''•.:-• -'̂ '••-'' " - •• -vfj; '̂'

In areas where^^-D sensitive crops such
first general djtchbank treatment so that
the crops concerned. .' ' . ' . ' ' ' -..'"•• ',• -

Res trie tj qns oh Usg angj, A.ppl.l<̂ t|on
Instructions

% ';• . • " • ' I,

cotton are grown, make the
"will'precede errmrg«f>ee .of v

- .acIa

Apply w i t h coarse low-pressure (optimum 10 p*I and not over k£
spray equipment mounted on truck, tractor, :or;.boa.t* Spraying op«ir,atlOns
ere to be made traveling upstream to, »vo|d. concent rat Ing chemloel S(î »y
thet aets into, the stream. To prevent introduction of greater than ij:' ' ;
N e g l i g i b l e levels of chemical Into the stream, boom spray and manually
operated spray gun patterns should be made So 9s not to spray over \tH« ,
water surface <ix>re than 2k inches from the adge.of the water. '''iii'$j$$$$y

.WJ'jfiS
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