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* "i.

'• Biological Degradation

It has been established for several years that the rate at which herbicides
disappear

from the soil is largely dependent upon their resistance to metalbolism

by soil microorganisms.

Environmental factors thajfe/ influence microbial degaadation of herbicides are
(10; 33; 37;*47)

temperature, pH, moisture Content, oxygen content and organic matter or fertility.

Generally the ndcrobial population of a soil has its greatest capacity for

KK degradation of herbicides under the following conditions! (a) a soil surface

air temperature between 75 and 95 F; (b) a soil pH between 5.5 and 7.5» (c) a

moisture content that is 50 to 70$ of the water holding capacity of the soil;

(d) a s*B«i well aerated soil that results from the plowing or loosening of the top

6 to 12 inches of soil; and (e) an organic matter content that yields a carbon

to nitrogen ratio of about 10:1 resulting from the incorporation of plant residues

or organic fertilizers into the soil. Also, the addition of we balanced mineral

fertilizers tends to enhance soil fertility and increase microbial activity.

a. Phenoxy herbicides

There is considerable evidence available to show that 2,4-D contained in

Orange (and White!>is rapidly decomposed in most soils. The metabolism of this

herbicide in soil has been investigated more than any herbicide. Many bacteria

have been isolated that are capable of using 2,4-D as a primary energy source (,

If 2,4-D were applied to a moist izas loam soil under summertime temperature

(75 to 95 F) at a rate of 0.5 to 3 lb/A it would disappear in 7 to 30 days

If applied at rates of 4 to 55 lb/A it would probably disappear in one to three(n,ndu
months (A ). If 2,4-D were applied to the soil at a concentration of $00 ppm

(1,000 ihb/A) and disappeared at a XKSDC rate proportional to the breakdown of

55 lb/A, the time required for inactivation is calculated to be 5.6 years. There

is no definitive field data available concerning the time required to detoxify

concentrations of 500 ppm or greater. However, some evidence indicates a more



realistic time for inactivation of 500 ppm would be one to<f two years.

Soil microorganisms have remarkable adaptive powers and several people

have shown that microorganisms can Spr adaptation or mutation, alter their
> * (8)

metabolic pathways for a more efficient utilization of herbicideŝ . Colmer (/Y-)

found that the tolerance of bacteria to 2,4-D could be increased by serially

subculturing in increasing concentrations of the herbicide. Newman et al,san4(34>)

and Rogoff and Reid (3$) discovered that 2,4-D disappeared from soil more rapidly

with the second application. Walker and Newman (*f̂ ) found in laboratory tests

that 100 ppm 2,4-D was decomposed in three to five days. They noted subsequent

ih treatment of the same soil with 1,000 ppm resulted in decomposition occurring

in 10 to 14 days. When microorganisms are exposed to a relatively high concentration

of a foreign material there is usually a lag period before utilization of the

materials begins. This lag period represents the time required for the microorganisms

to become adapted. In a soil freshly treated with 100 ppm of 2,4-D, 20 days
>«v uui

required for 00$ detoxification whereas^the same soil previously treated̂
(jccû eo

detoxification in thr-ee days ( / ) .
n ,33

Persistence of 2,4>5-T in soils is two to three times longer than 2,4-D ( .).

The addition of another chlorine atom to the 2,4-D molecule results in a compound

that is not readily metabolized by soil microorganisms. The metabolism of 2,4»5-T

by soil organisms has not been investigated as much as 2,4-D metabolism. While

several bacteria have been isolated that degrade 2,4-D, very few organisms have

been identified as having the ability to breakdown the 2,4>5-T molecule ( / ).

Some soil microorganisms are quite susceptible to phenoxy herbicide concentrations
(Ml)

greater than 50 ppnty Smith et al, (4-3) found nitrate and nitrite-forming organisms

inhibited by 100 ppm o£ 2,4-D, but recovery occurred in 10 to 40 days. At a con-

centration of 500 ppm recovery of nitrite organisms did not occur 90 days after



treatment. Arnold et al. (̂ ) found Aspergillus niger to be inhibited by 50 ppm

of 2,4-D, however the fungus seemed able to degrade the herbicide. The anounts

of phenoxy herbicides required to inhibit many microorganisms is very high.
&.&<*(•

Arvik/jC^) found that 2,4-D did not seem to inhibit three soil algae at a con-

centration less than 400 ppm. Walker and Newman (̂) worked with a soil bacterium

requiring 5»000 ppm 2,4-D for growth restriction. Johnson and Coliaer (30) observed

that growth of Bacillus cereus was inhibited by 500 ppm of 2,4-D but concentrations

of less than 5»000 ppm iiad little effect on Pseudomonas fluorescens. They

found concentration of 20,000 ppm of 2,4-0 was required to completely inhibit

gelatin ammonification is a soil suspension, Rogoff and Reid (39) isolated a
hfto-wU

Gorynebacterium sp. wiUr-the ability to decompose 1,000 ppm of 2,4-D in 3 to 5

days. Shennan and Fletcher (4-2.) subjected 38 species of soil bacteria,fungi

and actinomycetes to 2,4-D and 2,4»5-T at concentrations of 100 to 10,000 ppm.

Twenty-xix species were not inhibited by 10,000 ppm of 2,4-D. Twentjr-four organisms

required 10,000 ppm of 2,4»5-T for growth restriction.
rm

Other information useful in determining sdcfcto what might happen to the
/v

microbial population when in contact with high herbicide concentrations i s ibhfe work

of Breaseale and fiaqnam Camper (//), They analyzed the bacterial, fungal and

actinomycete population of a soil that had received 20 Ib̂ rA/year of 2,4-D for four

years. The fungal and actinomycete populations were not affected^ however the

bacterialshowed a 50$ reduction. Koike and Gainey (3f) found that agronomic

concentrations of a mixture of activated diesel emulsion and 2,4-D did not adhibit

nitrifying bacteria. Higher concentrations (50 Ib of 2,4-D and 5,000 gallons of

the diesel emulsion) inhibited nitrification for 8 to 16 weeks. The total number

of bacteria increased.



b. By-Products of 2,4-D and 2,4*5-T biological degradation

From time to time concern is expressed as to what might be the effects on

water supplies of the products of 2,4-D and 2,4»5-T microbial decomposition. The

reason is that phenols have been discussed as a possible by-product of decompostion.

Winston (6&) studied the degradation products of 2,4-D and 2,4,5-T and concluded

that decomposition under natural conditions does not result in the formation of

the corresponding phenols. Phenoxy herbicides were found to decompose into carbon

dioxide, inorganic chloride ions and water.

c. Picloram

It is relatively well known that picloram is one of the most persistent

herbicides. Goring it al, (7*3) sampled soils from California, South Dakota, Kansas

and Minnesota that had received from 1.4 to 4.2 Ib/A of praam picloram. Picloram

losses ranged from 58 to 96 % within one year after application. Estimated

half-lives for picloram ranged from 1 to 13 months. The highest concentrations

were usually found in the top 12 inches of soil. At normal field application

rates picloram may penetrate two to four feet in the soil with deepest pene-
; 33,37,40

tration occurring in light soils that are low in organic matter ( ). Grower ^̂ >

found the hinflmhaflaflfi half-life for 1 ppn of picloram to be about six months in a

heavy raafli clay topsoil.

Soil microorganisms seem to exhibit little ability to rapidly degrade picloram.

Many microorganisms are capable of a slight degradation (1.2 to 0.2$ <3>f 1 ppm in

63 days) but no organism has been found that can use picloram as a good energy

source (-!f3,)« Picloram is relatively nontoxic to a wide variety of soil microoDganisms,

but a few such as soil algae may be affected by low (50 ppm) concentrations (5").



Goring et al. (%$ found in several tests that picloram at 1,000 ppm did not

inhibit 28 soil fungi, 10 bacteria and 2 actinomycetes. They also found that

1,000 ppm did not appear to have a significant effect on the soil microbial

population. Nitrogen transformation experiments showed that 1,000 ppm of picloram

gave a 50% inhibition in the conversion of ammonium to nitrate, but the

conversion of nitrite to nitrate was not affected. Tu and Bollen ("ity have also
pic|prti«v

studied the effects of pinla&m on soil fertility processes. Their results tend

to compliment those of Goring et al. (Sty .and in addition they found some stimulating

influences when 1 to 10 ppm was applied to the soil.

d. Organic arsenicals

There is very little information available on the interrelations between
Dickers

organic arsenicals and microorganisms in the soil. Diokonc and Hiltbold (1 8)

monitored the breakdown of disodium methanearsonate.in different soils. They

concluded that methanearsonates are decomposed under aerobic soil donditions and

that the amount of organic matter available for microbial activity has a direct

effect on the rate of decomposition. Von Endt et al. (48) , working with monosodium

nlethanearsonate (MSMA), also discovered that the amount of organic matter greatly

influences degradation of an organic arsenical. In three weeks decomposition of

MSMA was 10$ in a soil with 3.9$ organic matter and 1.7$ in a soil with 1.6$ organic

matter. Arsenate was detected as one of the products of MSMA breakdown.

There is considerable evidence to indicate that cacodylic acid or sodium

cacodylate may be partially converted to arsenic gases in the soiluarsine or tri-

methylarsine)/ (2-). These gases have a garlic MJk.e odor and have often been

detected wfofeh soil fungi are grown in the presence of arsenic compounds ( .).

However, the precise potential of cacodylic acid conversion and the subsequent

loss of arsenic from the soil by gas production is not clear at the present time.



Many microorganisms can withstand high concentrations of organic arsenicals.

Zabel and 'ly ' Neil^f ound that 2,000 ppm of either cacodylic acid or sodium cacodylate

resulted in roimimal inhibition of two bacteria and fewpufiungi . Hunter (unpublished

data) noted a 50 to 70 % reduction in growth of five soil fungi when incubated in

the presence of 200 ppm arsenic supplied as 1,570 ppm of the military herbicide Blue.
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Fusarium solani. Appl. Microbiol. 19:307-313. ' •",

Lembeck, W. J. and Arthur R. Colmer. 19R7. Effect of Herbicides on Cellu-
lose Decomposition bv Sporocytophaga myxocpccoides . Appl, Microbiol.
15:300-303. " * ~ ~

and B» G. Tweedy. 1969, Effects of Selected Herbicides'
upon Growth of Soil Algae. Weed Sci, 17:110-113.

Lynn, G* E* A Review of Toxicological Information on Tordon Herbicides.
J» unknown.

MacRae, I. C. » M. Alexander and A* D. Rovira. 1963. The Decomposition of
(̂2,4-Mchlorophenc-jey')but5iTiic Acid by Flavobacteri\gn sp, J. Gen, Microbiol,
32:89-70,

' MacRae, I. C. and M. A%<ander. 1963. Metabolism of Fhenoxyalkyl Carbd̂ Eylic
Acids by a Flavobacteriuin Species. J. Bacterial. 86:1231-1235. • ' .' - •

Magee^ Lyraan A. and Arthur R» Colmer, 1959. Decoraposi.tion of 2,2-Dichloro-
propionic Acid by Soil Bacteria. Can. J. Microbiol. 5:255-260»

Magee, l̂ aan A, and Arthur R, Colrasr, 1956. Some Effects of 2,lHBichloro-
phenoayaeetic Acid upon A%otobacten as Measured by Respiration Inhibition.
Weeds, M-S124-130. '*

Magee, Lyaan A. and Arthur R. Colmer. 1955. THe Effect of Some Herbicides
on the Respiration of Azotobacten, App. Microbiol. 3:288-292.

Martin, Jamas P. 1964. Influence of Pesticide Residues on Soil Micro-
biological and Chemical Properties. Residue Reviews, 4:96-129.

.«&.

MayeuK, J. V. and A. R. Colmer. 1962. The Effect of 2,3,6-Trichlorophenyl-
acetic 2,2-Diohloropropionic Acids on Nitric Oxidation. App. Microbiol.
10:206-210

Meikle, R. W. , E. A. Williams and Colt T. Redemann, 1966. Metabolism of
Tondon Herbicide (M-Amino 3,5,6-TrichloropicolinJ.c Acid) in Cotton, and
DecoiTposition in Soil. J. Agr. and Food Chem. 14:384-307.

Newman, A. S. and C. R. Downing. 1958. Herbicides and the Soil. Agr. and
Food Chem. 6:352-353.

Ogle, R. E. and G. F. Warren. 1954. Fate and Activity of Herbicides in
Soils. Weeds 3:251-273.
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TABLE 1. A description of the herbicides applied to Test Area C-52/;including military code,
trade name, common name and formulation.

Military Code Trade Name Common Name Formulation

Orange or
Purple

Pink

White

Brush Killer 2,4-D, 2,4,5-T

2,4,5-T

Tordon 101

2,4,5-T

2,4fD, picloram

Mixtures of the n-butyl and/or
isobutyl esters of 2,4-D (2,4-di-
cMorophenoxyacetic acid) and 2, 4, 5-T
( 2,4, 5-trichlorophenoxyacetic acid)

60/£ n-butyl ester and
ester of 2,4, 5-T

isobutyl

10.2/3 of the triisopropanolamine salt
of picloram (4-arrdno,-3,5,6-trichloro-
picolinic acid), 39.6/& of the triiso-
propanolamine salt of 2,4-D, and
50.2̂  inert ingredients (primarily
triisopropanolamine)̂



Comments

The literature may support certain techniques for disposal, but it

should be recognized that optimum conditions for disposla almost nwer

occur, thus even the best XBKKBK recommmendations cannot account for til

the variables required for either minimum effects on the environment

H>r the complete degradation of the agent.

for Orange
Military foumulation is different from the commerical formulation

for brush killer. The difiference is in the esters. Likewise, Orange is

more concentrated. The difference in formualtion is what limits its

usd in forest programs. Of course, the current restrmctrion on SXHKX 2,4,5-T

prevents dilution of the formulation for use around homes and/or water

supply areas.

We must be concerned with the ultimate fate of these materials in relation

to their residual nateure in soil, potential for run-off in water , and their
<g c<3 f or/1> &| (IY&S,.' .-.•.»,.i.tf,r(,»wt.<:{ f ,A , t • . , / ' - v ,

subsequent effect on the fow&MlijU. /: "' "

jy-s'r"̂ '

The residual activity of the herbicide must eventaually be a function

of the coneentration related to the technqme employed for disposal. This report,

then, will attempt to show potential mechansims of disposal, and how certain

modifications can fte incorporated to enhance teh degredation (or technique).

V
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DISCUSSION OF SOIL INCORPORATION AS A
MEANS OF HERBICIDE DISPOSAL

Incineration seems to be an ideal method for disposing of Orange

stockpiles j however, disposal by soil incorporation should be considered

for the following reasons: 1. Soil incorporation has definite cost

advantages. 2. Soil incorporation offers an alternative disposal method

for those areas where incinerators are not aval laMe .

There is a great deal of information available on biological breakdown

of 2,U-D and 2,H,5-T in laboratory experiments. Much of this information

is very useful for predicting what might happen when relatively high con-

owrtrations of 2,̂ 0 or 2,4,5-T are applied to a soil incorporation site.

Opfwersely a certain amount of caution must always be used when extra-

polating laboratory data to the field situation.

Until recently there was very little information ooncerning the br«ak-
- • ' - -

down of 2,MD or 2,H,5-T in a soil incorporation site. However, DP. R. L.

, (Environmental fealth Sciences Center, Oregon State University,
'

, Oregon, Phone S03-75U-281̂ ) is presently conductifig field

perinwnts on the use of soil incorporation as a method for disposing of

Ẑ D .and other compounds. A portion of Dr. Gouldings annual progrsse

'r«part is ••enclosed'.;

Data obtained on soil persistence of large quantities of 2 ,U-D and

2̂ ,5-f is also available from the Eglin APB one square mile spray equip-

imsnt test grid that was used from 1962 to September 1970. Itiis area was

sprayed with approximately 21,265 gallons of Orange and 16,16H gallons .
*

of Purple during a seven year period (1962-1969). The area also received

FOR OFFICIAL USE ONLY



"4,172 gallons of White between 1967-1970. . Tri May 1970, plant bioassays

indicated that the maximum concentration of Orange or Purple in the soil

was 5 ppn. If all of the 2,4-D and 2,U,5-T from the military herbicides

had remained in the top six inches of the soil and had not decomposed

during the eight year period, then the approximate concentration would

have been 1,500. ppm combination of 2,U-D and ?,';,r)-T. In December 1970,

the maximum detectable level of a combination <••:' ?,̂ -P and 2,̂ ,5-T in th*»

soil was 0.1 ppm. A concentration of Dioxin of less than 0.0005 ppm was

detected in the soil in December 1970.

One of the major advantages of soil incorporation techniques is the

many alternatives available as to the selection of the site. Areas along

communication lines, base perimeters, fire breaks, roadsides are all

potential disposal sites, the site should be level to avoid direct run-

Off. The soil should be characterized by having a pH greater than 6,5

(either naturally or amended with lime) and an organic matter content of

at least 1%. Ideally the site should be plowed and fertilized before

herbicide application and then fertilized periodically after herbicide

jbnoorporation. The area should be seeded with native grasses as soon as

herbicide levels are low enough to allow for growth of the grass. Orange

(preferably that with a dioxin content of less than 5 ppm) could be incor-

porated either into alternate two-foot strips or sprayed evenly over an

ar«a at a concentration of 500 to 1,000 ppm (2,000 Ibs or ?3? gallons per

acre). .If, for example, a power line right-of-way with a width of 100 feet

was used, approximately U drums/150 yards or 18 drums/mile could be incor-

porated. The incorporation could be done by use of calibrated spray rigs



mounted on military heaw equipment. In certain areas evaporation of

ester formulations of ?,l*-D or 2,U,5-T might be a problem but in these

areas the herbicide could be injected below the soil surface or plastic

covers could be applied.



BIOLOGICAL DECOMPOSITION OF ?,4-D AND 2̂ ,5-T IN

It has been known for several years that the rate at which herbicides

disappear from the soil is largely dependent upon their susceptibility

to metabolism by soil microorganisms.

There is considerable evidence available to show that 2,4-D as con-

tained in Orange is rapidly decomposed in soils. The metabolism of this

herbicide in soil has been investigated more than any herbicide. Several

bacteria have been isolated that are capable of vising 2,4-D as a primary

energy source (1,2).

If 2,*M) were applied to a moist loam soil under summertime tempera-

ture at a rate of 0.5 to 3 lb/A, it would disappear in 7 to 30 days (2)..

If applied at rates of H to 55 lb/A, it would probably disappear in one

to three months (3). If 2,i*~D were applied to the soil at a concentra-

tion of 500 ppm (1,000 Ib/AJand disappeared at a rate proportional to

tJ» breakdown of 55 lb/A, the calculated time is 5.6 years. However»

there ia evidence that a more realistic time for inactivation of 500 ppm

would b* one to two years or maybe less.

pRrsistence 6f 2,4,5-T in soils is usually two to three times longer
lsthan 2,M5 (3), and very few organisms have been identified as having

the ability to break down the 2,H,5~T molecule (1).

Soil ndcroorganisms have remarkable adaptive power and several people

have shown that microorganisms can, through adaptation or mutation, alter

their metabolic pathways for a more efficient utilization of herbicides

(U), When microorganisms are exposed to high concentrations of a foreign



material, there is visually a lag period before utilization of the material

begins. This lag period represents the tine required for the ndcroorganism

to became Adapted. Once breakdown is initiated and completed the soil then

retains a capability for rapid breakdown. For example, Audus (1) treated

a soil with 100 ppm of 2,H-p and ?n days were required for 80% detoxifica-

tion and when the soil was treated again only three days were required for

80% detoxification. Colmer (5) found that 5,000 nun of ?,4-D was at first

inhibitory to a bacterium, but after subculturinf, three times the organism

grew rapidly in the 5,000 pm concentration, ftewman et al. (6) and Rogoff

and Reed (7) discovered that 2,U-D disappeared from soil pore rapidly with

the second application. WaUcer and Newman (8) found in laboratory tests

that three to five days were required for decomposition of 100 ppm 2,»M>,

but when the same soil was treated again with 1,000 ppm then only 10 to 1M

days were required for decomposition. Stojanovie et al. (9) added a mht-

twre of 2,4-D and 2,4,5-T (similar to military formulation of Orange) to

soil at a concentration of 5 tons/A (5,000 ppm in top 6 inches). Seventy-

*ight percent of the herbicide carbon was given off as C02 ̂
n 56 days.

It also appears that mixtures of 2,4-D and 2,4,5-T are more rapidly degraded

than are the single compounds.

R. L. Goulding is presently conducting field research with soil dis-

posal of waste 2,U-D at rates as high as 1,000 Ib/A. Dr. Goulding has

se«n a marked reduction of 2,W} in his plots during a one year period

(personal communication).

There are some microorganisms that are susceptible to pherwxy herbi-

cides (2,H-D and 2,4,5-T) at concentrations of about 50 ppm (U). However,
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time, be degraded by alkaline, acid, or metal catalyst treatment. However,

they'neither presented a time table for destruction nor data to substan-

tiate their statement. Kennedy, Stojanovic, and Shuman (13), subjected the

herbicides 2,H-D and picloram to selected concentrations of five different

chemicals with the objective either to partially degrade or to decompose

the herbicides. Solutions of the herbicides were treated with three dif-

ferent concentrations of hydrogen peroxide, nitric acid, sulfuric acid,

sodium hydroxide, or arrmonium hydroxide. Their results indicated that only

sodium hydroxide had an effect on the herbicides. The herbicide 2,U»D was

hydrolyzed to the sodium salt, while picloram was decarboxylated and the

chlorine present was replaced by a hydroxyl group. The bioactivity of these

products was not evaluated, but presumably, in the case of 2,U-D, the her-

bicidal activity was not altered. They concluded that acid or alkaline

hydrolysis was not complete in any case for the lengths of time studied

(2*» to 36 hours). N. A. Hamme (USAF Armament Laboratory, Eglin AFB,

Florida, unpublished data) determined if the herbicidal effects of Orange

could be chemically destroyed by oxidation and/or hydrolysis. Eight ch«n-

icals (benzyltrimethyl ammonium methoxide, calcium hypochlorite, lithium

hydroxide, potassium permanganate, sodium hydroxide, ammonium hydrosdd*,

sodium bisulfite, and tetranethylammonium hydroxide) were added to separate

solutions of Orange, mixed thoroughly on a mechanical shaker, allowed to

set a minimum of 24 hours, and then bioassayed for herbicidal activity by

spraying tomato plants. Hit results showed, as determim*d by bioassay
*•

techniques, that no apparent degradation of Orange occurred in the presence

of any of the chemicals tested.
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EFFECT /ND PERSISTENCE OF HERBICIDES
APPLIED TO SOIL IN PUERTO RICAM FORISTS

C. C. Dowler, W. Forestier, and F. H. Tschirley
WiM 'WEED SCIENCE 16:45-50. 1963
United States Department of Agriculture

Inseparable from the biological effect of herbicides applied to the soil
are their movement and persistence. Factors such ,: s rainfall, physical and
chemical characteristics of the soil, microorganisms, chemical characteristics
of the herbicides, and method of application may influence herbicidal
movement and persistence.

The soil type at the Guanica Commonwealth Forest is Jacana clay. It
is an alluvial soil normally lefe than 36 inches deep, with very low
permeability. The Vegetation is xerophytic. The annual rainfall is
approximately 30 inches, which occurs largely from July to October.

The soil type at the Maricao Commonwealth Forest site is Nipe da;"-,
a permeable, well-drained, lateritic soil derived from serpentine. The
vegetation on this site is moist tropical forest. Mean annual rainfall is
estimated to be about 90 inbhes and is distributed throughout the year .

The soil type at the Luqmillo Nation Forest site is Low Guineos clay
loam, a plastic clay with poor internal drainage. The vegetation is a
tropical rein forest with a mean annual rainfall of over 100 inches. The
highest rainfall normally occurs from July to October, but droughts are
unknown.

Soils, as described above, were treated with 3, 9, and 2? Ib/A
The downward movement of the herbicide and its persistence in the soil were
studied by sampling 3,6, and 12 months after treatment . Samples were taken
in depth increments of 6 inches to a total depth of 48 inches . . The soil
samples were bioassayed using cucumber.

Results indicated that after ±H£ two years residues of picloram were
detectable. The persistnce of the herbicide W"s greatest in the driest
area (Guanica) and least in Ihe wettest area (Luquillo). One ytar after
application, the residue of picloram in plots treated at 27 lb/A remained
in relatively high concentrations at all test sites, as determined by
the cucumber bioassay test. The presence of picloram in plots treated
at 9 lb/A could be easily detected 1 year after treatment, but the cone entrations
were about 10 times less than in plots treated with 27 lb/A. The residue
data for all locations indicated a tread for all the herbidide to dissipate more
rapidly in the top 12 inches of soil,

There did not appear to '~e g.ny relation between herbicid;.! residue and
invading species. For exampljs, several species such as Psychotria bartcriana
were extremely susceptible to initial application of herbicid es, but
were found on all treated plots IS months after application.



PICLCRAM RESIDUES 12 FONTHS

9 LB/A

d-CGr

Guanica
-Maricao
Lqquillo

FIC1UHE 4. Piclosam residue at various depths in
three forest areas of Puerto Rico 12
months after application.



LOSS OF 2,4-D IN WASHOFF PROM. CULTIVATED FALLOW.LAND

A.P. Barnett, E. W. Hauser, A. W. White, and J. H. Holladay
WEEDS 15:133-137. 196?
trSBA,ARS

Quantitative information eonceoning the movement of herbicides
in washoff from agricultural lands is needed. (The term "washofftt
is used to describe the water-soil mixture as it erodes from the
land and to distinquish it from its separate parts, i.e., runoff
and eroded soil.

Quantitative measurements were made by cucumber root bioassay
of 2,4-D contained in washoff from cultivated fallow Cecil sandy
loam soil. Formulations of 2,4-D included iso-oc#yl and propylene
glycol buty ether esters and an alkanolamine salt of the ethanol
and isopropanol series. The 2,4-D applied at rates of 2.2 and 4.4
Ib/A was assayed inwashoff and as residue in the soil. The
concentrations of 2,4-D in washoff were positively correlated with
the rate applied, were greates early in each storm, and decreased
with duration of the storm. The iso-octyl and butyl ether ester
formulations of 2,4-D were far more susceptible to removal in
washoff than the amine salt. When the amine salt was used, 2,4-D
concentrations were less than 1 ppm in the washoff, even in the
early stages of runoff, whKKaxKanotinifcKKixsKfci!: whereas concentrations
of 4.2 ppm were measured using an iso-octyl ester formulation of
2,4-D. When a direct comparison was made between the butyl KfcKxhx
ether ester and amine salt J9%lms of 2,4-D,ester or amine losses
were respectively, 13 and 4$ following a 1-year frequency storm
and 26 and yfo following a 100-year frequency storm. Soil bioassays
showed that most of the 2,4-D remained in the surface 3 inches of sail.

The differences observed in the susceptibility of the anine and
ester sources of 2,4-D to loss by washoff probably are related to the
physical properties of the applied solutions. Aldrieh and Willard
Uldrich, R. J. and C. J. Willard. 1952. Factors affecting the
preeraergence use of 2,4-D in corn. WEEDS 1:33&»345) pointed out that
the amine forms a true solution with water, wheras the ester is
relatively insoluble and forms an emulsion. They observed that the
amine format leached more readily from soil surfaces than did the ester.
This would suggest that the ester form, by being retained at the
soil surface, would be more subject to losses in washoff.



Research currently in progress by this laboratory

(Harrison c>nd Young) has indicated that activated charcoal is

effective in reducing the biological activity of Orange in sandy

soils. Concentrations up to 8 gal/acre were completely in-

activated by SOOO Ib charcoal/acre in bioassay experiments.

According to these data, charcoal could possibly be used as a

means of holding Orange in the soil without causing biological

damage While it is being degraded by microorganisms. It might

also be used as a barrier beneath the soil to prevent herbicides

from leaching into water supplies.
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