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PHENOXY HERBICIDE RESIDUES AID THEIR PERST ISTRNC i/
by 4 "\
¥ W. ‘B. House, L. H. Goodma) H, M, Gadberry i
; -and K. W, DOthenm , i
I. SUMMARY i :
) " ¥ §
y 1. 'Herbtbldevnhemicalf that*are persistent and those that are rapidly
= = decomposed are of valuu in the many ‘aCLts of agriculture, fotestry,

range, and ‘water management prdctic“. It would be easy for the layman
to conclude. that - persistente of herb*cidal cbemlca] is uqdeaixable,
but-that is;not uccessarily so. Advantage can be cakéd;df long-term
lperslstence in the treatment of areas where long term control of v;geta~
tion is. naeded in orchards ,parking lots, Jﬂddutrldl plant iUStdllatlbha 
and ri«hts—oféwdy " On the other hand, the accumulatlon and pelslstence
of herhlcldaL residues in SOi]a, plant vegetation and water pose certain

problems or hazards.

II. INTRODUGTION

.ﬁ, ‘Rerbicide~Reaidﬁé Probleﬁs. Injdryuéb sensitiﬁg.crops that are grown

in rgﬁ@%iah'aﬁd to'subseqhent natural Qegetatién may result £rom herbihide
rébidues;: Accumulation of herbicide rcsidues in foliage Seed berries ‘

'and fruit consumud as food by - animala, b;rds, fish may pose a*p“oblem

to ‘the human health Leaching of hprbicides into streams, lakes and

1reservqirsvwhich-wou1d affect aquaticjlife gnd water:qualityffor,hu@ah

'1/ COntributaon of “the Midaest Research Institute, ‘Kansas City, ‘Missourd,
‘Prepared undbr Contract DAHC 15-68- c—0119 ARPA Order ‘No. 1086,

gfzpitgctor gnd:Research Associateayoﬁ'the;ﬂidwestégcsearch Igstituce;

»
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consumption are also a problem for widespread use. Residues and per-
sistence ofuqubicides are reviewea uhder the general categories of
soil- végéégkion and water. The subject of residues and pernistence

of nerbicidal residues has been reviewed in depth by Audus (1960) Audus

(1964), and Sheets and Harris (1965).

- ITI. SOILS

3. Chlorophenoxy Acid Residucs. Some of the carliest work on the

peveistence of chlorophenoxyacetic acids and their esters was undertaken
Ly DeRose (1946) and Allard and DeRosc (1946). DecRose and Newman (1947)
made comparisons with 2,4-D, 2,4,5-T and MOPA in greaenhouse and {ield .
tests.  The germination of soybeans wes usel as a bioassay. The rates of
applicatiOn nf compounds varied from 1 to 12.5 mg/1lb of soil. Tu the
greenhouse test, the 2,4-D persisted for 67 days and the 2 VA4, 5-T At

the 1 mg level per31stcd for 147 days and it was still high at 11
months. In the field evaluations, they applied from 5 to 20 1b/acre

and the 2,4-D and the MCPA rapidly disappeared while the 2,4,5.7
persisted for 93 days. The findings for 2,4-D were essentially the

same as those reported by Newman and Thomas (1949) and Hernandcz aund

Warren (1950) and for 2,4-D and 2,4,5-T by Newman, Thomas and

, Walker (1952).

a. Obviously, there are a number of factors that are involved in
persiqtence and thcse tests Jndicated that the temperature and the

moisture of the soil was highly important. “his could be correlated




with the approaéh to the optimal conditions for the action of soil
microorganisms. The subject of the mechanisms that are involved in
the reduction of herbicidal activity will be discussed in some detail

’

in a 1ater¢seétion. )

b. Sheets and Harris (1965) determincd that the rcsidual
phytotoxiciﬁy for é,G-D in greenhouse tests lasted'about one month,
even when the rate of application was raised to 40 lb/acre. On the
other hand, in field tests, a 5-1b. application persisted for 1 month.
In the greenhouse 2,4,5~T persisted for one mouth at the 4-1b. level,
but wher 2,4,5-T was used in field tests at 5 lb/acre, it existed for
3 months. 2,4-D, regardless of application rate, persists about 1
month, 2,4,5-T is more persistent in that it appears ©o remain in the
soil up .to 3 months. Low moisture conditiars, low temperature and
difference in soil types extends the period of persisteuce.

c¢. Norris (1966) and Norris and Greiner (1967) have reported some
studies of persistence of 2,4-p and -2,4,5-T in forest litter wheu
triethanql amine salts of labeled 2,4-D and 2,4,5-T were applied in
wéfer to the surface of the litter at a rate of 2 1b. acid equivalent

per acre. The following observations were made--percent of degradation

as measured by radiocactive CO2 liberation:

315 Hr 690 Hr
2,4-D 89% -
2,4,5-T 23% 53%

Norris felt that the slower rate of decomposition of the 2,4,5-T may
have. been due to a lag-in accommodation of microorganisms to the

chemical.



d. In another study, forest litter was selccted from five types
of fs;ast trees: Douglas fir, big leaf maple, vine maple, Ceanothus
and réﬂ.alder. These little samples were treated with 3 lb/acre
equiv&lédt of (1) 2,4-D acid, (2) triethanolamine salt, (3).isonctyl
ester, (4?445003yt1‘ ester plus 1 1b/acre of DDT or (5) isoocytl
ester p1u§ 4 gal/acre disel oil. 1In 15 days, the recovery of 2,4-D
applicd as the salt varied from 60 to 70% for all the types of litter,
=

The esters persist longer than the acid, 657 vs. 55%. The addition of

1b of DDT/acre secmed to stiwmulate herbicidal degradaiion.

IV, VEGETATION

4. Herbicide applications for crop lands ean be divided into three
[

types: (1) pre-pl%}ing, (2) nre-cnzrgence, (3) post-emergence, A .
numher of facters have to be considercd in the selection of a herbicide
for a gpacific crop usc: weed specificily, fairly rapid dissipation and
minimum residue carry-over when crops are rotaicd. Cevtainly, weather
conditions have an effect on herbicide dissipation and the tolerance

of the primary and the succeeeding.crOp to possible soil residucs, enters
into the picture.

a. Crafts (1964) bas summarized the literature on the metaboliism
of the phenoxy acids in plants. Sowme specific examples taken from this
review are as follows: 2,4-D is not freely mobile in the plant; there-
fore, it is not easily translocated to the roots (Crafts, 1959). 1In

addition, 2,4-D is readily oxidized in plant tissues.
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b. TLuckwill and Llovd-Jouncs (1560 a,b) worked with the mctobolism
of 2,4-D in bérries. Red currant oxidized up to 507 of the carboxyl
and 20% of the ethylene carbon of 2,4-D when it was supplicd to the
leaves for seven days through cut petioles. In cortrast, the black
currant is susceptible to 2,4-D, oxidizing only 2% of the chemical
under the same conditions. The red currants were able to metabolize
2,4,5-T, & CPA and NCPA.

c. The Cox apple variety is resistant, decarboxylating 50% of the
~applied 2,4-D in 92 hours. Erambleys seedling apple, motabolized abhout
2%. It has becn reported that stored lemons in which 2,4-D had becn
added to the orsuges, Erickson and liield (1962) found that orange trees
sprayed with 22 prm of 2,4-D contained an average of 0.1 ppi of
2,4-1 one day after spraying.

d. Morton (19606) studied the absorption and distributiow of
2,4,5-T in mescuite (Prosopis julifliora var. elandulosa (TORR)
Cockerel) seedlings. Absorption tock place throughout a 72-hour
period. At 72 hr, the recovery of absorbed 2,4,5-T as measured by
radioisotope techniques, from all ;ntreated tissues was 12, 13
and 3% at 70, 85 and 100°F, respectively. The distribution and vesidue
of labeled 2,4,5-T in red maple and white ash has been investigated by
Leonard et al. (1966). Whco 2,4,5-T ester or amine is applied to leaves
of these species, 30 days after treatment 96-99% of the €% was found
in the leaf laminas. Whea these compounds were applied to bark (stgm)
the 2,4,5-T amine was trauslated less than the ester form., The ester

in amounts of up to 24%, meved to the leaf laminas.
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e, 2,@~D 1s especailly harmful to dicotyiedenous plants: tomatoes,
cotton and Qomé;}egumes. it has been reported by Monioe (1964) that 1 oz.
of .2,4-D distributed over 35 acres of cotton will seriously injure the
crop. This work was done by bunlap and Engle (1949) at the Texas
Agricultﬁ%&l'Experimcntal Station.

f£. Legume crops, while not as' sensitive as cottou, arc genurnlly
receptive to Z;A-D action. Teur pounds per acre will kill ladino,
white clover and lespedeza. The tolerance of pranuts to 2,4-D is
generally 1-1/2 lb/acre. Soybeans ceem to be tolerant to 2,4-1 up
to 2 1b/acre. Ricé tolerates 1/2 1b/acre. Pasture plants tolerate
1 1b/acre and sorghum is tolevant to 1-1/2 Ib/acre. Vhen soybeans are
treated with 1/2 to L 1b/acre of the am%nﬂ formmlation of 2,4-n, the
miture seed will accunulate and rotain a swnll residoe of 2,4-D
(Szabo, 1965).

g&. Monroe (1964) also reported on scme uvausual observations
veeurring after 2,4-D treatment. Corn treated with 24D becomes
more palatable for field mice and sheep will eat Qeutaurea Salutilialis
only after it is sprayed with 2,4-D.

f£. There have been a few reports of residues in pasturc grassés that, .
are related to the transfer to the milk of cows grazing on thesc crops.
Pastures have begn sprayed since 1945 and in 1962 over 4 million acres
wére sprayed with various amine salt and ester formulations of 2,4-D,
Klingman et al. (1966) fourd that residues in pasture grasscs sprayed
with the butyl-éster of 2,4-p dicappeared more rapidly than in thoso
from pastures sprayed with 2-ethylhexyl ester. Virtually all of the
bﬁfyl ester of 2,4-D is hydrolyzed to the acid within 1/2 hr aftoer

spraying. This 1s contrasted to 12 ppm of residue remaining after

6
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spraying with the 2-ethylhexyl ester of 2,4-D, and ap“reciable amounts
persisted for 7 days. The tran fhr of 2,4-D to milk is 1n$1gnificann..
ResidueSVIess.than 0.0i-ppm, 2,4-D in milk would he foundvif Jairy

cows are not, pastured for 7 days after spraying witb‘the'ﬁutyl or

AN
av

2-cthy1hexj1 estér of Z;anb.

-

\

V. WATER RESOURCES

5. Residues in Vater. One of the real problems from the standpoint of

the effoct of herbicide residues and the persistence of these residues
in the ecosystem involves water supplies for human‘consumption. Water-
sheds and drainage from cropped arcas that have been treated with herb-
icides might in turn result in sccondary effects involving the health
cf domestic animals, "wildlife ;r aquatic life, Nicholson and ‘Themas
(1965) have estimated that the present population depending upon surface
streams for drinking water in 1960 was abeut 100,000,000 which was up
15% over 1940. It is estimated by 1980 that the population depending
upon surface water would be about 165,000,000 out of 200,000,000. With
increasing use of herbicides on noncropland, it is important to evaluate

their persistence in surface water. Most of the work that has been

reported has been concerned with the phenoxyacetic acids and their esters,

paraquat, diquat, silvex and amitrole. )
' \

a. Faust, Tucker and Aly (1961) and Faust ani Aly (1963) investi-
gated the effect of 2,4-D and 2,4-dichlorophenol (2,4-DCP) on drinking

water quality. 2,4-DCP can occur as a formulaticn impurity cr as a-

product of chemical or biological decgradation of 2,4-D in surface water.
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At coucentrations lcss rhanﬁzglliter and 2 mgllitpr rQSyectivefy,

chlorlnated phenoTs imparL ObJLLthnﬁbl? medicinel taste and odors
to water.” fhey found levels of 2,4-DCP ranging fromu?OVto-QSOO ugly

of formul tion Iu laboratory carboy. studies with 1akn water, using

two granular forms of 2,4-D, 9 5 and 16.7 ug/liter of 2 4 ~-DCP were
released in 7 days Maximum concentrations of 14.7 and 20» A ug/lite
were observed at 148 and 218 days. 1In other cqrboy tests, they found
that the phenol disappeared rapidly under vonaitions of nﬁutral and stable
pH values, aeraticns and small amounts of organic*watterth About 40 to 50%
of 2,4-dichlorophenol can persist up to 80 days under conéitions of
acid pH and ane.robic surface water unfavorable for biolégical oxidation.
They §ugg§sted that there wes a possibility of three mechanicms being
jespo@sibie-for tbe release of frce phenols Srom 2,4-D and 2,#,5-1?
hefﬁic%ﬂéé: "{1) a free phenol impurity present in the formulatidn as a
resuIt 6f manufacturing process, (2) chemical hydrolysis of the organic
ester in water; (3) blological degradation of the ester portion of the
he: J»~ides b

Nb." Cochrane et al. (1967) evaluated the pergistence of Ku}on.i/
Wher. the herbicide was applied to the surface water at. the rate of 8 1b,
| equi#alunt acid per acre, they obtained a rapid hydrolysis of the
esters to silvex acid Silvex acid gradually diminished in concentration"

and traces remained for at least 19 weeks. These authors recommended

1/ 64.5% propylene gljcol butvl ether esters of silvex equal to 42.87%
silvex acid equivalent.



that silvex should not be applied to a body of water that is being used

‘as a source of water for humar consumption.

¢. Since surface wat.r accounts for most of the municipal water
supplies, our attention is drawn to the spraying of forest lands over
watersheds with herbicides. According to Shavherd et al, (1960), about
71 million acres in the U, S. were sprayed with weed control chemicals

in 1962. About 4% of the total acres thus treated, or 2.5 million acres

1/ -
was forest and range land. Tarrant and Norris™ (1967) have pointed out

that about 100,000,000 acres of commercial fores: land at the present
are cither nonstocked or poorly stocked with trees of acceptable quality
or species. However, these forests rececived about onc-half the total
precipitation and yield about three-fourths of the tortal stream flow.
Most forest lands annvally reccive an average of 45 inches of precipii- '
ation, which is about twice that which falls on other lands, and forest
lands yield about 20 inches of run-off, which is almost seven tiwes

that of other lands.

d. Periodic sampling in Oregon revealed only a light and short-
lived contamination of stream water as a result of aerial spraying of
2,4-D and 2,4,5-T. 1In a test reported by‘Gratekowski et al,(1965) and
Tarrant and Norris (1967) detectable quantities of herbicides were found
in virtually all streams sampled after 2,4-D, 2,4,5-T or a 1 to 1 mixture
of 2,4-D and 2,4,5-T low volatile esters in diesel oil were applied at
the rates of about 2 1lb/acre from a helicopter. The quantities found
range from 0.2 ppb to 70 ppb. Usually in a matter of days, the level

fell to 0.2 ppb. Maximum variation from checkpoint to checkpoint was

1/ Unpublished information



T ey

a total ¢¥sippearance of 2,4-D in two days and at another, 17 days.
Krammes and Willets (i954) reported on the sprayiﬂg of sprouted vegeta-
tion after a watershed was cleared with equal parts of 2,4-D and )
2,4,5+T in diesel oil. They used 28 gal of herbicides (concentration

of acid equivalent wasn't reported) in this application and later they

stumpsprayed with 45 gnl of herbicide. ~They took samples over a five-

month period; all samples were below 1 ppm and no trace of disel oil

was found. In another study, brush was sprayed by helicopter to try

to convert vegetation on a steep side slope from bush to grass. They
applied 3/4 gal of 3 1b acid equivalent each of low volatile esters of
2,4-D and 2,4,5-7 in 1 gal of diesel oil and 17-1/2 gal of water, They
used 20 gal of this mixture per acre. As a follow-up treatment, they
hand sprayed the brush with a herbicide wixture of 1/2 gal of 2 1b. acid
equivalent each of 2,4-D and 2,4,5-T in 1 gal of diesel oil and 9&

gal of water. They sampled the suvrface water at weirs and for all
practical purposes, no herbicides were found. 1In sampling the soil,
they detected small amounts of herbicides at 8 days. Theie were no
herbicides present a month and a half after initial spraying.

e. When 2,4-D and 2,4,5-T combinations were used in a 1 to 1
basis and at the rate of 2 lt/acre, in 9-1/2 gal of diesel oil, there
is no effect upon salmon fry or on stream bottom organisms (Tarrant and
Norris, 1967).

f. Evidently diesel oil used in the sprays is not a source of

trouble. Norris cites work by Linden and Muller (1963), who applicd

10
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diesel oil at rates in exccss of 50, 250, and 500 gal/acre, Whigh was
followed by leaching with 100 ml of rainwater and only 1.5 to 2 ppm of
diesel oil were found in sandy loam at a depth below 2-1/2 inches.
These investigators felt that the application of diesel o0il to the soil
surface at r;tes of more than 50 gal/acre presented no threat to ground
water quality.
'~“ g. The watcrhygcinth is a pest in southern strcams and a consider-
rable amount of worl has bec. done in removing these plants by mechanics 1
and chemical methods. There is a great deal of intcrest in the persist-
ence of herbicides in these waters because o£ the possibility of carry-
over into the Gulf Coast arcas which support shell fish life. Averitt
(1967) investigated the rates of disappearance of 2,4-D acid equivalent”
dispersed at 4 lb/acre by injecting the herbicide into the propeller
wash of a small motor boat. On the first day, the concentration was
about 689 ppb and had fallen on the 4th day to 80 ppb. The decline
thereon was rather slow until the 3lst day, when it had dropped to 10 pph.
They alsé conducted some tests in plastic boxes with applications of

5 lb/acre of 2,4-D. Twenty-two days werc required for the concentration
to drop from a high on the seventh day of 972 ppb to 11 ppb. Aly and
Faust (1964) made studies of the decomposition or persistence of 2,4-D
residues in hydrosoils. When tiie herbicide was added to lake bottom soil
that had been treated previously withk 2,4-D, the herbicide decomposed

at 35 days. When 2,4-D was added to untrcated lake hydrosoil, the

decomposition time was 65 days. Frank and Comes (1967) worked with'

11
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beican bcans has been reported by Bruns (19 )’ When herbicide at

2 lb/&cxe in‘the water was app]ied to beans in he seedling stage, the
el

root syst ‘were severely attacked WiLhin 16 days the. plants began

ta&reécveF; When the level wvas raised to 6 lb/acre, the yield was reduced
40%. When theso levels of appllcation were made in the blﬁom stage,

the 2- 1b. level caused no significant reduction in yleld "Th? 1u§s

at 16 lb was 29%. “F?ank and Comes (1967) introduced 1.33 ébﬁkof.

2 4 D into a pOnd one day after treatment the concentr#éioh'was 0. 024
ppm:"Lne maximum, 0.057 ppm, occurred on the 18th day and fell tc 0.019

4

ppm byvthe‘24th day. "

12
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