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INTRODUCTTON

Atrazine is a selective herbicide develop to control broadieaf weeds on
terrestrial food crop, ornamental, terrestrial nonfood, and forestry sites.
Agricultural uses include corn, sorghum, sugarcane, p:meapple, ard macademia
mits. Nonagricultural uses include forest and Christmas tree plantatlons,
turf (warm season only), fence rows, and rights-of-way. Single active in-
gredient formilations consist of 0.42-8% G, 0.46-8% P/T, 12-90% WP, 22.5-
90.1% DF, 2-6 1b/gal and 14.2-43% EC, 1-6.25 lb/gal and 16.3% FI1C, and 2-

4 1b/gal and 40-48% SC/L. Atrazine may be formulated in multiple active
mgred.lent products which contain other herbicides such as alachlor, cyana-
zine, metolachlor, and simazine. Atrazine is applied to food crop sites at
0.3-8 1b ai/A and to nonfood sites at 0.11-40 1b ai/A. Applications may be
made using ground equipment and/or aircraft. Applications include preplant,
preemergence, arﬂpostemergerwebroadcastorbaxﬂtreatments An estimated
78.4-99 million pounds a.i. were used in the U.S. during 1985-1987. Agricul-
tural uses camprise ~93% of the anmual usage, including field corn (83%),
sorghum (10%), sugarcane (1%), sweet corn, popcorn, fallow wheat, macademia
rnuts, miscellaneous fruits, forage grasses, and noncrop agrlcmlttn'al land;
each <1% of the total usage. Turf constitutes the major nonagricultural use,
accounting for 1% of the total annual domestic usage. Treated areas should
not be entered until sprays have dried.
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DATA EVAIUATION RECORD

STUDY 1

CHEM 080803 Atrazine §161-1

FORMULATION-—00—RADIOIABETED ACTIVE INGREDIENT

FICHE/MASTER ID 40431319

Spare, W.C. 1986. Determination of the hydrolysis rate constants of atra-
zine. Conducted by Agrisearch Inc., Frederick, MD. ILaboratory Study No.
1236. Completed December 31, 1986. Sukmitted by Ciba-Geigy Corporation,
Greensboro, NC.

REVIEWED BY: Silvia C.
ORG: EFGWB/EFED/O
TEL: 557-2243

SIGNATURE:

OONCTDSTONS

This study is acceptable and fulfills EPA Data Regquirements for
Registering Pesticides for hydrolysis studies (§161-1).

It was shown that at the envirormentally significant pH 5, 7, and 9,
atrazine did not hydrolyze during the 30-day study. Thus, it was con-
cluded that hydrolysis is not an important degradation mechanism for
atrazine.
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MATERTAIS AND METHODG:

Test material: [U-ring l4c)-atrazine, Ciba—Geigy Code No. GAN- 1X-48,
96.6% purity, specific activity 20.6 uCi/mg.

Buffer solutions:
pH 5, (sodium acetate/acetic acid)
PH 7, (NaH2P04/K2HPO4)
pH 9, (NayB40,/acetic acid)

All glassware and buffer solutions were sterilized.

Stock solutions: The l4c-atrazine (weight unspecified) was dissolved with
10 mL of methanol.

Experimental solutions: 140 mL of the radiocactive solution were removed and
mixed with 40 mL of the desired buffer solution. The theoretical dose was

5 ppom. Each of these solutions were divided into 20-mL duplicates. The -
samples were placed in 25 mL screw-capped glass scintillation vials (w:n.th
Teflon-lined caps).

Experimental procedure: The vials were covered with foil and placed in an
incubator at 25 + 1 deg. C. At sampling time (0, 1, 3, 7, 14, 21, and 30 days
after dosing), duplicate 20 uL aliquots were removed, radloassayed (ISC to
determine volatilization or adsorption losses), and analyzed immediately
after sampling by cochromatography (TIC) of the 20 uL aliquots with standard
sampl&s. Single-dimension TLC was performed in silica-gel precoated plates,

in which the aliquot was spotted (in duplicate plates) at the origin of the
plates and then overspotted with nonlabeled atrazine. One of two solvent
systems (chloroform/methanol/formic acid/water, 80/15/4/2 by volume; toluene/-
acetone 75/25, by volume) was used to develop the plates to a solvent front of
15 cm. The air dried plates were visualized under 254 nm-UV light and scanned
with a TIC linear analyzer. Standards were confirmed by scanning the de-
veloped plate with the analyzer after it had been overspotted with radiocactive
benzoic acid.

Calculations: A pseudo~first order kinetics was assumed to calculate the
hydrolysis half-life of atrazine.

=] .2



REPORTED RESULTS AND CONCIUSIONS

The material balance of total radicactivity is shown in Table I; the
average material balance was greater than 96% at all pH levels. Analysis of
parent atrazine at each sampling period and at each pH showed that atrazine
dldncrthydrolyzedurmgthew-daystudy Figures 1 through 3 show the
cbserved ppm of atrazine at each pH throughout the 30-day experimental period.
Therefore, it was concluded that at envirommentally relevant pH and tempera-
ture value hydrolysis is not an important degradation mechanism for atrazine.

REVIEWER'S OCOMMENTS

The reviewer agrees with the author's conclusion that hydrolysis is not
an important degradation mechanism for atrazine.

=1,3=



PERTINENT DATA TABLES AND FIGURES



Ptrazine

Page is not included in this copy.

- Pages l() through ]Ei are not included.

The material not included contains the following type

information:

Identity of product inert ingredients.

Identity of product impurities.

Description of the product manufacturing process.
Description of quality control érocedures.
Identity of the source of product ingredients.
Sales or other commercial/financial information.
A draft product label.

The product confidential séatement of formula.
Information about a pending registration action.

i/ FIFRA registration data.

The document is a duplicate of page(s) .

The document is not responsive to the request.

of

The information not incl

by product registrants.
the individual who prepared the response to your request.

uded is generally considered confidential
If you have any questions, please contact




DATA EVALUATION RECORD

STUDY 2

CHEM 080803

Atrazine

FORMULATION-—90—FORMULATION NOT IDENTIFIED

§161-2

FICHE/MASTER ID 00024328

Burkhard, N. and Guth, J.A. 1976. Photodegradation of a

in
7(1) :65-71.

solution with acetone as a

i

ytrazine, atraton, and

tizer. Pesti. Sci.

DIRECT REVIEW TIME = 5

REVIEWED BY: T. Colvin-Snyder TITIE: Staff Scientist
EDITED BY: K. Patten TITIE: Task leader

APPROVED BY: . Spangler TITIE: Project Manager

ORG: Dynamac Corporation

Rockville, MD

TEL: 468-2500

APPROVED BY: S. Termes
TITIE: Chemist '

ORG: EFGWB/EFED/OPP , :

TEL: 557-2243 Vs — //
SIGATURE:
CONCTIISTONS ¢

Degradation - Photodegradation in Water

This study, which was previocusly reviewed and found to fulfill data
requirements at the time of the (1983) Registration Standard, is unaccep-
table under current Subdivision N Guidelines because of the follom.ng

reasons:

a) the material balances were not provided (the majority of samples
were analyzed only for atrazine),

b) it could not be determined whether the test solutions were sterile

or nonsterile,

c) the artificial light source was incompletely characterized and was
not campared to natural sxmllght,

d) degradates were analyzed only in the 6-hour sensitized solution

sample,
e) the test solutions were not buffered,

—2 L 1-



f) the purity and specific activity of the test substance were not
reported, ard

g) the test solutions were incubated at 15°C instead of 25°C.

h) One unidentified degradate comprised 10% of the applied dosage.

i) Electronic absorption spectrum of the test material under experimen-
tal conditions was not included in the report.

The reported results indicate, however, that the presence of sensitizers
increased the rate of degradation (reportedly a 3- to 11-fold increase).

SUMMARY OF DATA BY REVIEWER:

Ring-labeled [l4C]atrazine (test substance not further characterized), at
10 ppm, degraded with a registrant-calculated half-life of 25 + 2 hours
in unbuffered aqueous solutions (initial pH 6.8) that were irradiated
with a 125-W mercury vapor lamp at 15°C; in unbuffered aqueous solutions
sensitized with 1% acetone, the half-life decreased to 4.9 + 0.5 hours.
The stated intensity of the light source was 2000 + 600 J/m*s. In the
sensitized solutions after 6 hours of irradiation, atrazine comprised 30%
of the applied radicactivity, . . .

2-amino—4-chloro-6-iscpropylamino-s-triazine (G-30033) com-
prised 16%,

2,4-diamino-6-chloro-s-triazine (G-28273) camprised 15%,

2~-amino—-4-chloro-6-ethylamino~s~triazine (G-28279) comprised
5%, and

one unidentified degradate comprised 10%.

DISCUSSION:

1.

Material balances were not provided or were incamplete. The unsensitized
solution and the majority of samples from the sensitized solution were
analyzed only for atrazine. The 6~hour irradiated sensitized solution
was analyzed for atrazine and its degradates, but only 76% of the applied
radiocactivity was accounted for.

It was not stated whether the test solutions were sterile.

The characterization of the mercury vapor lamp was incamplete. The
spectral energy distribution of the artificial light source was not
provided, and the artificial light source was not campared to natural
sunlight.

The test solutions were not buffered.

The purity and specific activity of the test substance were not reported.

The test solutions were incubated at 15°C instead of 25°C.

=202~
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Data were reported in terms of "§"; it was not specified if "$" referred
to percent of the applied radiocactivity, percent of extractable radioac-
tivity, or percent of the radiocactivity recovered fram the TIC plate.
Since the data do not sum to 100%, the reviewer believes the data are
most probably percent of the applied and has referred to the data as such
in the summary.

Data for the degradation of atrazine during irradiation were presented
in graph form only and the graph was small and of poor quality; no
mmerical data were provided. It may be that the irradiated solutions
were sampled only three or four times during the study. No data were
provided to support the study author's statement that atrazine was stable
during 96 hours of incubation in the dark.

The method detection limit and recovery efficiencies from fortified
samples were not reported.

=203~

b



MATERIAIS AND METHODS
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MATERTALS AND METHODS:

Ring-labeled [14C]atrazine (test substance not further characterized) was
added at 10 ppm to unbuffered (initial pH 6.8) aqueous solutions and to
aqueocus solutions that had been sensitized with 1% acetone. The solu-
tions were placed inside a Sondex glass "cooler" to filter wavelengths
<290 Mm and irradiated using a Philips HPK 125-W mercury vapor lamp
(intensity 2000 + 600 J/m*s, spectral energy distribution not provided)
at 15°C. As a control, sensitized and unsensitized solutions were
incubated in the dark at 15°C. The solutions were sampled at intervals
up to 96 hours posttreatment.

A portion of each solution was extracted with ethyl acetate. An aliquot
of each ethyl acetate extract was analyzed for atrazine by GC with alkali
flame ionization detection. The remainder of the ethyl acetate extract
from the sensitized solution sampled after 6 ha.:rs of irradiation was
concentrated by rotary evaporation, and then [ C]resldues were separated
by TIC on silica gel plates developed in acetonitrile:water:formic acid
(94:5:1). Radioactive areas on the TIC plate were scraped off of the
plates, dissolved in acetone, and analyzed by GC.

=25~
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Photodegradation of Atrazme. Atraton and Ametryne
in Aqueous Solution with Acctone as a Photosensitiser

Niklaus Bur nard and Johann A, Guth ) !

CboGegy Lid, 4greenemcal Division, Basie, Swrzerliond *
(Manuscript recetved '3 July (975

The use of as a ph 1ser on the rate of photodegradation of atrazine.
atreton and ameteyne in hiuted ajueous ncredsed degradation J-to 11-toid.
The machanesm of ihe senstsed photoreaction was studed. Tt - photochemwal
stadility sredaed o the order  mcthyithio- < chlorg- < methoay-1.3.f-irazines.
Sensitised 200t NS Of Arane, smetryAe and Jratdn vickded the 4NAOYOUS (WS
de-Neaikyle ang e Se-v N <hatkvie précucts 2s weil 13 i€ torrespooneing My 3Ry
I22I0es ] TragIINOn of smnetryre 130 fesulieq 1 the formation of Jermethy it
LiS-tnapnes. \With The e33e00:0n of JetMethyitRioNAAZINE [0rMAZIon. wnsitised
photodecomponition of these tranne teranides niehls 10 other Sreakiown 2POQUCTS
than thowe dotiined Sy eATyMatlk and cnemicul cesctions. .

.

1. Iatroduction

Since symmeinical trianines e among the most widely used herbicides. their behaviour .a the

eavironment i3 s wady ‘Mperint. PAODIcIomoosition 13 anown (0 be an important [:ctor infuenc.
" ing the periormance a5 weil 18 tne dte of Searicides in the field. First observations on changes
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were descr:bec 9y Comres and Timmons- and Jordan o2 af.5* A {irst sasight 1nto the mecSaninm
of phototyiw Srezhdownn of L 3. 5-tazimes was grovided by Phmmer er 0.4 Latzr, P20e and Zaimk b *
studicd the photourgeaGa:0n Of Naid- Methyithio-, metnovv. and Avcrosy-i.3. S-tr:azeines in sarious
alsohols and water saused » inght o wavelengihs 232 and 30 nm. Ruzo er a/.” sesvried 9n the
kinetics OF photoscameosion of selecied 1.3 5-(nanines 1a methanol. Sutan-1-0Pand, 0 2 luned
extent, 1 waler on (Tadiation with igat M 300 nm.

The ab0.¢ Tenuones it extiyaniony on :he mechamsm 9 Inazine photolysis were Sarred out
without photosenstisers and at relaunely high Joncentrations whicn are unbibeiy :0 osur snder
enviconmental tomiitions. [t .5 well \aown that many >urface waters oatn dissohed organe
materiais, SUCh s hunic suostances, thad sirongly absord ultriviotet and visibie fight and taererore
€30 act as phOtoErsitsTs [Or Other ton-absorbing 3. The nrucnce of ph
chermicals on the rate and e rouie of Sreakdowa of various CESticides Nas Deen Aoted. -t

The present pacer Jeals =uh ine inducnce of sustone a3 3 photusensitiner VR the rate of sa0to-
decomponiiion and -aith he mechadism of e seanined PRNOIvHIS using strazine [, R=C),
ametryne o1, R = CHiS) and stracon of. R s CH,O) a5 mouei vome The exper were

carmred out in Gilute 2Quoous solutuns using 3 <lowed PROIOCNEMICA] reaCIOr, e useruINgss of
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DATA EVAIUATION RECORD

STUDY 3

CHEM 080803 Atrazine §161-3

FORMULATION-——00-—RADIOLABELED ACTIVE INGREDIENT

FICHE/MASTER ID 40431320

Spare, W.C. 1987. Photodeqgradation of atrazine on soil surfaces exposed to
artificial and natural sunlicht. Conducted by Agrisearch Inc., Frederick, MD.
Iaboratory Study No. 1237. Completed April 6, 1987. Submitted by Ciba-Geigy
Corporation, Greensboro, NC.

REVIEWED BY: Silvia C. Termes
ORG: EFGWB/EFED/OPP
TEL: 557-2243

SIGNATURE: /2, 74
CONCIUSTONS::

This study is not acceptable for the following reasons: 1) significant
amounts (19-28%) of radicactivity were left unidentified at the origin of TIC
plates (for both natural and artificial sunlight exposures); 2) no other
methodology was used to confirm the identity of the photodegradation products;
3) distribution of radicactivity in plates was not expressed as percent of
applied dose.
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MATERTATS AND METHODS:

Test material: [U-ring l4c]-atrazine, Ciba-Geigy Code No. GAN-1X-48, speci-
fic activity 20.6 uCi/mg and 96% purity.

Soil: California sandy loam soil (58.0% sand, 32% silt, 10% clay, 3.0%
organic matter, pH 6.1, 30% field capacity and a cation exchange
capacity of 6.0), which was oven dried at 90 deg. C (24 hours) and
sieved through a 60-mesh U.S. Standard sieve.

Soil film preparation:
a) soil plates: a 1-cm wide strip of coating was removed from a pre-
coated TIC plate (silica gel), replaced with a slurry of soil/de-
ionized water (1:1 volume), and then dried overnight in an oven at 35
+ 1 deg. C.

b) soil dishes: 2.0 g of prepared soil (soil slurried with 2 mL of
water)wasspreadoverthebcttcxnofpyrexglasspetrldlshes(IOOX
15 mm) and then dried overnight in an oven at 35 + 1 deg. C.

Dose preparation and dosing: The atrazine radiolabeled material was dissolved
with 10 mL of methanol. An aliquot (425 ul) of this solution was diluted to
3 mL with methanol (dilution contained 620 ug of atrazine). This solution
was spotted on the soil strips (two identical 2.1 ug doses, 2 cm apart for
each strip; each dose was 10 ppm). The methanol was allowed to evaporate at
roam temperature. Plates were prepared in duplicate (one of them was covered
with foil and used as dark control).

For dosing the petri dishes, 100 uL of the dosing solution were applled
(20- to 30-, 2- to 4-uL addition each) to each plate. The methanol was
allm:edtoevaporateatmntemperamre Dark control dishes were
covered with foil.

Light exposure:

a. Artificial sunlight: The soil strips (TIC plates) were placed
in an all glass (9" W x 12" L x 4" D) vsselsmthapyrex
top, with inlet and outlet ports placed in opposite ends of
the chamber (which allowed air to pass through the vessel).
The artificial light source (450-watt mercury arc lamp) was
fitted over the reaction vessel, where the pyrex top served
to filter radiation below 290 rm. The emission spectra of
the lamp is shown in Table I; the measured (UV meter with a
reduction grid) intensity of the lamp ranged from
1800 to 2600 uW/cm®) (natural sunlight on a clear, sunny July
dayatthetestsme in Frederick, MD was 1800 to
2300 uW/c:m2 . ‘The artificial light exposure was continuous
for 72 hours (equivalent to 6 days of 12 hours of light per
day) .

b. Natural sunlight: This portion of the study was conducted on
the roof of the laboratory in Frederick, MD (39 deg. 25°'
North Iatitude and 77 deg. 29' West Iongitude). The samples
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were placed on a rack at a 45-degree angle from the surface.
Measured natural sunlight intensity ranged from 0 to 6000 +
uW/c? during the exposure with a yellow filter and equiva-
lent to 0 to 2300 uW/cm? with the reduction grid. Samples
were exposed to natural sunlight for a 45-day period.

Sampling:
a. Artificial sunlight samples (two exposed and two unexposed spots)
were removed from the reaction vessel at 0, 1, 4, 22, 30, 48, and
72 hours, covered with alumirum foil, and frozen at -20 deg. C
until analyzed.

b. Natural sunlight les were removed (duplicate exposed-petri
dishes and a single dark-control petri dish) at 0, 1/2, 1, 2, 4,
7, 14, 21, 35, and 45 days (except at 35 and 45 days, where only
one exposed sample was removed). All dishes were frozen at
~20 deg. C until analyzed.

Analyses: Samples exposed to natural sunlight. The soil film was scraped
off and transferred into glass scintillation vials. Portions (in
duplicate) of soil were cambusted to determine total radio-
activity. The remaining soil was extracted (acetonitrile/-
methanol/ water, 45/45/10 by volume, 10 mL, shaken and sonicated
for 10 minutes). Duplicate aliquots of the extract were removed
for ISC (with a scintillation cocktail) and TIC. The extracted
soil (in duplicate) was combusted to determined nonextractable
radiocactive residues.

All soil plates were removed from the freezer, allowed to warm to
room temperature, and the origin spots over-spotted with the non-
radiocactive standards [degradates]. Developing solvents were
toluene/ acetone (75/25 by volume) or chloroform/methanol/ formic
acid/water (80/15/4/2 by volume). Developed plates were allowed to
air dry, then viewed under 254 rm UV light, and scanned for radio-
active spots with a linear analyzer fitted with a data acquisition
system.

Calculations: Rate constants and half-lives were calculated assuming pseudo-
first-order kinetics. ~

REPORTED RESULTS AND CONCIUSIONS

Conditions of exposure to artificial and natural sunlight are shown in
Tables II and III, respectively.

Table IV summarizes the results of TIC plates exposed to artificial sun-
light, expressed as percents of total radiocactivity fram the TIC linear
analyzer. After 72 hours, the percent of atrazine decreased from 92.9 to 42.2
while the radicactivity at the origin increased from 3.9 to 42.1 percent; this

radiocactivity at the origin includes the degradation products
G-34048 and G-28273. Also degradates at the Rg of G-28279 ard G~30033 in-
creased from 0.80 percent (at time 0) up to 8 percent (after 72 hours). The

=3¢ 3=



calculated half-life was 64 to 88 hours (5 to 7 days) and the rate constant,
0.01086 to 0.00786 (Table V).

A material balance for the samples exposed to natural sunlight is shown in
Table VI and Table VII shows the distribution of radicactivity in extracts (as
percents from the TIC linear analyzer).

In Table VIII, the photodegradation products under natural sunlight (ex-
pressed as percent of dose) are shown. Soil-bound products increased from
10.3 percent (0 hour) to 28 percent after 540 hours; the photoproduct present
in the highest amount after 540 hours was G-30033 (18.3%), followed by G-28273
(6.8%) andG~-28279 (6.0%). The calculated half-life and rate constant were
143.7 hours (12 days) and 0.00482, respectively (Table IX).

Tt is the author's conclusion that in both natural and artificial sunlight
atrazine degraded rapidly on soil films and that the same photodegradation
products were cbserved from both light sources, but with varying degrees of
production.

Figure 1 shows the structures of the main photodegradation products.
REVIFWER'S COMMENTS

In Table IV (artificial sunlight) and Tables VII (natural sunlight,
toluene/acetone solvent system) and VIII (natural sunlight, percents of
photoproducts), it was noticed that significant amounts of radicactivity (ca.
28% Table IV; ca. 19% Table VII; ca. 21% Table VIII) were left unidentified at
the origin of TIC plates. Also, in Tables IV and VII, the distribution of
radiocactivity in plates was not expressed as percent of applied dose.

No other methodology was used to confirm the identity of the photodegrada-
tion products.
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Ptrazine

Page is not included in this copy.

- Pages 531 through E£ZL-are not included.

The material not included contains the following type

information:

Identity of product inert ingredients.

Identity of product impurities.

Description of the product manufacturing process.
Description of quality control procedures.
Identity of the source of product ingredients.
Sales or other commercial/financial information.
A draft product label.

The product confidential statement of formula.

Information about a pending registration action.

e

|~ FIFRA registration data.

The document is a duplicate of page(s) : .

The document is not responsive to the request.

of

The information not included is generally considered confidential

by product registrants.
the individual who prepared the response to your request.

If you have any questions, please contact




METABOL.ISM STUDIES
( LABORATORY )

x5



DATA EVALUATION RECORD

STUDY 4

CHEM 080803 Atrazine §1l62-1
§162-2

FORMULATTON—00—RADIOIABEIED ACTIVE INGREDIENT

FICHE/MASTER ID 40431321

Rustum, A.M. 1987. Aercbic, aercbic/anaercbic, and sterile soil metabolism
of atrazine. Conducted by Hazleton laboratories America, Inc., Madison, WI.
Laboratory Study No. HIA 6015-185. Caompleted Nov. 6, 1987. Submitted by
Ciba-Geigy Corporation, Greensboro, NC.

REVIEWED BY: Silvia C. Termes 4 TITIE: Chenmist
ORG: EFGWB/EFED/OPP
TEL: 557=2243

SIGNATURE:

CONCTIISTONS

This study is only a preliminary report (94-day study instead of the 12-
month study required by Subdivision N Guidelines). Therefore, this study is
to be considered as a supplemental study to the final report. :

Based on the 94-day data, the half-life for the aercbic metabolism of
atrazine (loam soil) was calculated as 140 days. The main metabolites de-
tected at all sampling times were G-30033 and G-28279, but the metabolite G-
34048 was not detected until days 62 and 94.

The calculated half-life for atrazine under anaercbic conditions was
about 159 days. The metabolites G-30033 and G-28279 were present at all

sampling times in both soil extracts and supernatant water; G-28273 and G-
34048 were also present, but not at all sampling times.
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MATERTAIS AND METHODS:

Test material: l4¢-atrazine (U-ring), specific activity 20.6 uCi/mg (4.57
x 1010 dpn/g) ; 95.4% radio purity.

Soil: California loam soil (51% sand, 37% silt, 12% clay, 1.4% organic
matter, pH 7.6, cation exchange capacity 7, field moisture capacity 12
(0.33 bar)). The soil was sieved through a 2-mn mesh screen.

Fortification solution: a l4c-fortified atrazine solution was prepared in
methanol (103 ug 14C-atraz:me and 100 ug nonlabeled atrazine) to yield 100-uL
aliquots containing 4.73 x 106 dpm and a final specific activity of

10.5 uCi/mg.

Sample preparation and incubation:

a) Biologically active soils. The soil was assayed for microbial activity
before initiation of the study. A;prommately 20 g soil (dry weight)
portions were placed in each of 26 jars. A 100 uL aliquot of the
fortified l4c-atrazine solution was added to each jar (10.2 ppm, dry
weight basis). The solvent was evaporated, the jars were capped, hand-
tumbled (about 2 minutes) to distribute the test material, and water was
added as to achieve a moisture content of 75 percent (0.33 bar).

b) Biologically sterile soils. To each of 16 jars, 20 g of soil (dry
basis) were added. 'Itmwaterwasaddedtoadjustthesollmlsmreto
75 percent (0.33 bar). The jars were capped (silicon sponge lids) and
autoclaved at 120 deg. C (50 mimutes). The fortification solution was
added to 14 of the jars (100 uL aliquots per jar) by injection through
the silicon lids and then the jars were tumbled for 2 minutes. The
concentration of atrazine per jar was 10.2 ppm (dry weight basis). The
other two jars were used to determine the microbial activity at day 0
and 94.

Aerobic incubation and sample collection:
The jars (biologically active and sterile sanpl&s) were placed in the
aercbic incubation chamber shown in Figure la. Air flowed through at a
rate of approximately 100 mly/min and the temperature was kept at
25+1deg C, in a dark room (temperature monitored). The traps for
organic volatlles and C0, contained ethylene glycol (organic volatiles)
and 2-ethoxyethanol:ethanolamine (1:1 by volmne) for CO5. The water trap
served to protect the vacum system fram corrosive solvent vapors. The
moisture content was maintained at 0.33 bar. Biologically active soil
was sanpled (in duplicate) at 0, 3, 7, 14, 32, 62, ard 94 days, and the
C0, and organic volatlle traps at 3, 7, 14, 21, 32, 47,
62, 84, and 94 days. The sterile soil was sampled (in duplicate) at O,
7, 14, 21, 32, 47, 62, 80, and 94 days and the corresponding traps at 3,
7, 14, 21, 32, 47, 62, 80, and 94 days.

Anaercbic incubation and sample collection:
After 32 days, four jars from the biologically active aerobic study were
removed, covered with nitrogen-purged water (2-to-3 cm) and placed in
the incubation chamber (Figure 1b), where nitrogen was continuously
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circulated. The chamber was kept in the dark at 25 + 1 deg. C. Traps
(cormected in series) containing ethylene glycol (to remove organic
volatiles; 2-ethoxyethanol:ethanolamine, 1:1 by volume, to remove COy)
were comnected to the chamber; a water trap placed after the other traps
served to collect potentially harmful solvent vapors. Samples were
assayed (in duplicate) 30 and 62 days after flooding, which corresponded
to 62 and 94 days after fortification, respectively. Traps (CO, and
volatile organics) were sampled at 30, 52, and 62 days after flooding.

Extraction:

a) Aercbic samples: Each soil sample was mixed with solvent (about 30 mL,
acetonitrile: water, 9:1) by shaking and then stirring the mixture for
approximately 15 mimutes (stirring bar), then followed by centrifugation
(extraction was performed twice per sample). Decantates were collected
in a round-bottaom flask and concentrated to the water layer (rotary

evaporation) .

After quantitatively transferring the water layer to a separatory
funnel, the round-bottom flask was rinsed three times with dichloro-
methane (IMC) and the rinses transferred to the funnel (beginning with
Day 80 sterile sampling, the round bottom flask was also rinsed with
Multi-Q water after the IMC rinses and the rinses were then cambined in
the funnel).

The aqueous phase was partitioned twice with IMC (about 30 mL each
time). Duplicate aliquots of the resulting organosoluble and aqueous
fractions were quantitated by ISC.

b) Anaercbic samples: Soil and aqueous phases were separated by centrifug-
ation. Each decanted water layer was partitioned twice with chloroform
(50 mL each time). The organic and aquecus phases were quantified by
ISC. Soil samples were extracted as described for the aercbic samples.

Analysis

a) Trapping media: Radioactivity in traps was determined by ISC (dupli-
cate aliquots).

b) Nonextractable residues: Extracted soil samples (in duplicate) were
oxidized to CO,. The CO, was trapped and
the radio—activity determined by ISC.

c) TIC: Organic phases of aercbic, anaerobic, and sterile samples were
concentrated and aliquots applied to TIC plates along with
nonradiolabeled atrazine and/or available nonradiolabeled
metabolic standards. Two plates were spotted for each sampling
time. One plate was developed in toluene:acetone (75:25, Solvent
System I) and the cther in chloroform:methanol: formic acid: water
(100:20:4:2, Solvent System II). Two-dimensional TIC was
performed on a selected basis, with chloroform: methanol : formic
acid:water (70:25: 4:2) in one direction and toluene:HOAc:water
(50:50:2) in the second direction, with the purpose of quantify-
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ing atrazine and metabolites G-34048, GS-17794, and GS-17792.
Solvent System I was superior in separating (and quantifying)
parent atrazine from metabolites and was used for half-life
determinations. Solvent System II was superior for separating
organosoluble metabolites and was used in their quantification.
The distribution of radiocactivity on each TIC plate was
determined with a linear analyzer. Nonradiolabeled standards
were located under UV light. Quantitation by ISC was done by
scraping the appropriate zone from the plate. The material
balance was determined based on the total radiocactivity applied
to the plates.

REPORTED RESULTS AND CONCIISIONS

a)

b)

Aercbic incubation (active, 94 days incubation; final results after
approximately 1 year aercbic incubation will be reported later). The
overall material balance for the study ranged from 96.6 percent to 101.7
percent. The radio-activity in the organosoluble fraction decreased from
a mean value of 96.9 percent (day 0) to 59.1 percent (day 94) while in
the aquecus fraction it increased fram 0.7 percent (day 0) to 3.9 percent
(day 94). Soil-bound radioactivity continuously increased from 4.1
percent (day 0) to 33.3 percent (day 94).

No radiocactivity associated with volatile organic material was detected
and the amount of 14co, formed during the experiment reached a cumlative
total of 0.3 percent at day 94 (Table I). )

Table II shows the decrease of the mean value of atrazine from day 0
(90.7%) to day 94 (56.5%). Assuming first-order kinetics based on a 94-
day incubation period the degradation of atrazine was calculated as
approximately 140 days (correlation coefficient - 0.952). Table II also
shows the distribution of radicactivity through the 94-day incubation
period. Metabolites G-30033 and G-28279 were present at all sampling
times but G-28273 was absent at days 62 and 94; G-34048, which did not
exceed 1.0%, was not detected until days 62 and 94.

Aerobic incubation (sterile). Table III shows the material balance (mean
values), which ranged from 95.3 to 115.9 percent. The radioactivity in
the organosoluble fraction decreased from 98.6 percent (day 0) to 78.5
percent (day 94); however, it increased to 99.6 and 103.3 percent at days
97 and 62, respectively. In the aqueous fraction, the mean value
increased from 0.5 (day 0) to 1.1% (day 94). Soil-bound residues
increased from 3.6 (day 0) to 16.9 percent (day 94) but no radiocactivity
was detected in the organic volatiles or 14002 traps at the end of the
94~day period. Camparison of the decrease of atrazine from day 0 (93.7%)
to day 94 (77.4%) under sterile conditions with the amounts under active
conditions indicated that degradation of atrazine in soil is primarily a
microbial process. The metabolites G~30033, G-28279, G-28273, G~34048,
and an unidentified one were detected. In all sample points, G-30033,
and G-28279 were detected in amounts less than 2 percent of the total
applied radiocactivity. Table IV summarizes the distribution of atrazine
and its metabolites throughout the 94-day sterile incubation.
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c) Anaercbic incubation. Table V shows the distribution of radioactivity in
the different fractions and the material balance, which ranged from 99.5
to 100.6 percent. In the organosoluble fraction, the radiocactivity
decreased from 70.6 percent (mean value, day 0 of anaercbic incubation)
to a cambined total (water plus soil matrices) after 62 days of anaerocbic
incubation. Soil-bourd residues increased from a mean value of 26.7
percent (day O of anaercbic incubation) to 40.9 percent (day 62 anaercbic
incubation), which is slightly higher than the soil-bound residues after
94 days aercbic incubation. No significant amounts of organic volatiles
of 1400, were detected in the traps. Parent atrazine decreased from 67.0
percerrt (day 0 of anaercbic incubation) to a mean value of 51.2 percerrt
at day 62 of anaercbic incubation.

The calculated half-life for atrazine under anaercbic conditions (assum-
ing first-order kinetics) was approximately 159 days. The identified
metabolic products were G-30033, G-28279, G-28273, and G-34048. Both G-
30033 and G-28279 were identified at all sample points of both the soil-
extracted and water-decanted matrices; G-30033 decreased slightly
throughout the anaercbic incubation periocd. Table VI shows the distribu-
tion of atrazine and metabolites throughout the anaercbic incubation
period.

REVIEWER'S OCCMMENTS

This study is only a preliminary report (94-day study instead of the 12-
month study required by the Subdivision N Guidelines).

Therefore, it is to be considered a supplemental study to the final report.
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CONCIUSTONS ¢
Metabolism - Aercbic Soil

This portion of the study is scientifically sound and provides supplemen-
tal information towards the registration of atrazine. This portion of
the study does not fulfill EPA Data Requirements for Registering Pes-
ticides because degradates camprising up to 7% of the applied (the water-
soluble compounds, and one degradate in the organosoluble fraction) were
not identified. The author reported a calculated half-life of 146 days
under nonsterile aercvbic conditions and to be very slow under sterile
corditions.

Metabolism - Anaercbic Soil
This portion of the study is scientifically sound and provides supplemen-

tal information towards the registration of atrazine. This portion of
the study does not fulfill EPA Data Requirements for Registering Pesti-
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cides because degradates camprising up to 6.8% of the applied (the water-
soluble campounds in soil and water) were not identified. Note, however,
that an acceptable anaercbic aquatic metabolism study (Study 8; MRID
40431323) was submitted. According to Subdivision N Guidelines, an -
acceptable anaercbic aquatic metabolism study may be used to fulfill data
requirements for anaercbic soil metabolism studies.

SUMMARY OF DATA BY REVIEWER:

Metabolism - Aercbic Soil

Uniformly ring-labeled [l4C]atrazine (radiochemical purity 295.4%,
specific activity 20.6 uCi/mg), at 10.2 ppm, degraded with a half-life of
94-181 days in loam soil incubated aercbically in the dark at 25°C and
75% of 0.33 bar moisture; the registrant-calculated half-life was =146
days. [14C]Atrazine decreased fram 90.7% of the applied immediately
posttreatment to 56.5% at 94 days, 33.1% at 181 days, and 21.2% at 300
days. The major organosoluble degradate was . . . :

2-amino-4~-chloro-6-isopropylamino-s-triazine (G-30033), at up
to 4.6% of the applied on day 300.

2-amino~-4-chloro-6-ethylamino-s~triazine (G-28279) at up to
2.0% of the applied (maximum on day 244),

2,4-diamino-6-chloro~triazine (G-28273) at up to 0.7% (day 3),
ard

2-ethylamino-4-hydroxy-6-isopropylamino-s-triazine (G-34048) at
up to 0.7% (days 62 and 94).

One degradate was isolated at 0.2-0.3% of the applied (0.03 ppm) but not
identified. The degradates 2-amino-4-hydroxy-6-isopropylamino-s-triazine
(GS-17794) and 2-amino-4-ethylamino-6-hydroxy-s-triazine (GS-17792) were
not detected at any sampling interval. At 300 days posttreatment, 21.2%
of the applied was [!4C]atrazine, 4.6% was G-30033, 1.8% were other
unidentified organosoluble degradates, 6.7% were water-soluble degrad-
ates, 6.0% had been evolved as 14005, and 62.8% was unextractable. The
material balance ranged from 95.1 to 102.6% of the applied during the

300-day study.

In sterile soil, [14C)Jatrazine was 77.4% of the applied at 94 days
tment. G~30033 was the major degradate (1.7% of the applied at

14 days); G-28279, G-28273, G-34038, and one unknoWn were also detected.

Metabolism -~ Anaercbic Soil

Uniformly ring-labeled (4cjatrazine (radiochemical purity 295.4%,
specific activity 20.6 uCi/mg) decreased from 6.83 to 5.22 ppm (67 to
51.2% of the applied) in anaercbic (flooded plus N; atmosphere) loam soil
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during 62 days_of incubation in the dark at 25°C. The loam soil had been
treated with [l4C]atrazine at 10.2 ppm and incubated for 32 days under
aerobic conditions (in the dark at 25°C and 75% of 0.33 bar moisture)
prior to flooding. Four degradates were isolated from the soil:water
system:

2-amino~4-chloro-6-isopropylamino-s-triazine (G-30033) at <2.1%
of the applied,

2-amino~-4-chloro-6-ethylamino-s~triazine (G-28279) at <0.7% of
the applied,

2,4-diamino-6-chloro-triazine (G-28273) at 0.3% (detected only
on day 0 of anaercbic conditions), and

2-ethylamino-4-hydroxy-6~isopropylamino-s-triazine (G-34048) at
<0.4.

The degradates 2-amino-4-hydroxy-6-isopropylamino-s-triazine (GS-17794)
and 2-amino-4-ethylamino-6-hydroxy-s-triazine (GS-17792) were not
detected at any sampling interval. At 30 and 62 days postflooding (62
and 94 days posttreatment), 26.8 and 21.6% of the applied radicactivity
was in the floodwater rather than the soil phase, respectively. Unex- .
tractable [14Cjresidues in the soil increased from 26.7 to 40.9% of the
applied during the 62 days of anaercbic incubation; no 14(1)2 evolution
was detected (<34 dpm). The material balance ranged from 94.3 to 100.4%
of the applied during the 62-day anaercbic study.

DISCUSSION:

1.

All degradates present at >0.01 ppm were not identified. The aquecus
extracts from the soil, which contained up to 6.7% of the applied radio-
activity, were not analyzed to determine composition. In addition, one
degradate in the organic extract from the aercbic soil was not iden-
tified, although it was present at up to 0.3% of the applied.

[14c)Residues in humic and fulvic acid and humin fractions were deter-
mined for samples containing >10% of the total doge as unextractable
residues following refluxing in acid/methanol. (14c]Residues in the
humic acid fraction accounted for 1.6-4.5% of total applied activity in
soil samples following 64 days of anaercbic incubation or 181 days of
aercbic incubation. [14C]Residues in the fulvic acid fractions from
these samples accounted for 3.7-6.5% of total applied activity. The
humin fractions accounted for 7.6-13% of the applied radiocactivity.
(14cjResidues were not detected in humic/fulvic acid and humin fractions
following 94 days of aerobic incubation. :

A discrepancy is noted in data reporting of the concentration of the

parent following 300 days of incubation under aercbic conditions (27.1%
in the abstract and 21.2% in the results/tables).

—50 3=



MATERTALS AND METHODS

~5.4-



MATERTAIS AND METHODS:

Prelmmaxysttxileﬁmrecommctedfornethodsdevelopnent Mean total
recovery from triplicate samples was 99.4% (94.5% organosoluble, 0.7%
aqueous, and 4.2% unextractable [ C]raldus) TLC methods were devel-
oped for quantification of the parent, chlorotriazine, and hydroxytrl-
azine residues. The following campounds were separated by TIC using
chloroform:methanol : formic acid:water (100:20:4:2): parent, 2-amino—4-
chloro-6-isopropylamino-s-triazine (G-30033); 2-amino-4-chloro-6-ethyl-
amino-s-triazine (G-28279); 2,4-diamino-6-chloro-triazine (G-28273); 2~
eﬂlylam.rp—4—hydroxy-6-1sopropylammo—s-tr1azuxe (G-34048) ; 2—-amino—4-
ethylamino-6-hydroxy-s-triazine (G-17792); and 2-amino~4-hydroxy-6-
1sopmpylam.no—s-tr1azme (G-17794) . Separation of the following com-
pounds was achieved using toluene:acetone (75:25): the parent, G-30033,
G-28279, and G-28273. The ranammg campourds did not migrate from the
origin. Rg values are presented in Table 1. The retention characteris-
tics for these campounds separated by HPIC are presented in Table 2.

Metabolism - Aercbic Soil

Nonsterile and sterile (50 minutes at 120°C), sieved (2 mm), California
loam soil (51% sand, 37% silt, 12% clay; 1.4% organic matter; pH 7. 61
7 meq/100 g) was treabed at 10.2 ppm with a methanolic solution of [ C]-
atrazine (radiopurity >95.4%, specific activity 20.6 uCi/mg, Ciba-Geigy)
plus unlabeled technical atrazine (purity 98.8%) in a 1:1 ratio. The
solventwasevaporated ardthejarswerecappedardttmbled for 2
minutes to insure uniform distrilbution of the pesticide. Water was added
to achieve a moisture content of 75% of 0.33 bar, and the mass of the
jarswasdetemmed Msampl%wexemzbatedatZS+1Cmdarhms
Traps contam:mg ethylene glycol ard 2-ethoxyethanol ethamlamme (1:1)
were connected in series to collect organic volatiles and 1 002, respec-
tively. Waterwasaddedtothejarswhenmasslosswasobsexvedto
maintain the moisture content at 75% of 0.33 bar. Nonsterile aerobic
soils and trapping solvents were sampled at intervals up to 300 days
tment. Sterile soils and traps were sampled at intervals up to
94 days posttreatment.

The [14C]residues in the soil were extracted twice in acetonitrile:water
(9:1) for 15 minutes on a magnetic stirrer. The sample was clarified by
centrifugation, and the supernatant was decanted. The canbined extract
was concentrated by rotary evaporation until an aqueous extract remained.
Partitioning was carried ocut with the aqueous solution and methylene
chloride. [1 C]Residues were partltlon& between aqueous and organic
(methylene chloride) phases. [ C]Res:uiues in the resulting fractions
were quantified by ISC.

The distribution of [l4C]residues in the organic extract was determined
by autoradiography of one-dimensional TIC using toluene:acetone (75:25)
or chloroform:methanol:formic acid:water (100:20:4:2), or by two-dimen-

sional TIC using chloroform:methanol:formic acid:water (100:20:4:2) and
toluene:acetic acid:water (50:50:2). Recoveries fram ISC of TIC spots

were 95-103% from 18 samples fortified at 7535-16,541 dpm/sample.

=55



Unextractable [14Cjresidues were quantlf:l.ed by total cambustion of
extracted soils. The recoveries of l4c-atrazine were 96-101% from four
samples fortified at 2401-15052 dpny/sample and analyzed by total cambus-
tion. Unextractable [ 4cjresidues were released by refluxing the ex-
tracted soil for 2 hours with 1 M HC1 in methanol in a 10:1 ratio of
solvent:soil. The [14C]residues in the extract were quantified by ISC.
The extract was concentrated by rotary evaporation, redissolved in 0.01 M
potassium phosphate solution at pH 2-3, and cerrtrlfu;ed prior to analysis
by HPIC. Humm/fulvn.c acids were dwaracterlzed using standard analytical
procedures in soil samples which contained >10% of the total applied
radicactivity following refluxing.

The [14C]residues in trapping solvents were quantified by ISC.

Metabolism - Anaercbic Soil

A portion of the jars containing treated nonsterile soil were incubated
for 32 days as described above, then flooded with 2-3 cm of water.
Nltmgengaswashtbledthm:ghthestarﬂlrgwatertorenmeanydls-
solved oxygen. 'Itmsanpleswere1rn1batedat25+l€mdarkrmsmﬁer
a nitrogen atmosphere. Traps for volatile organics and 40)2 were
installed as described for the aercbic study. Duplicate samples of soil
and trapping solvents were analyzed 30-62 days postflooding (62-94 days

posttreatment) .

The anaemblc soil samples were centrifuged, and the supernatant was
decanted. [ C]R&ﬂdua in the soil and water were partitioned between
water and two volumes of chloroform and analyzed as described previously.
Unextractable residues in the extracted soil were determined by ISC
following cambustion.
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Metabolism - Aerobic Soil

This study was included in the 1983 Registration Standard. This study is
unacceptable because material balances were not provided (the soils were
analyzed only for atrazine and total extractable triazine residues). In
addition, this study would not fulfill EPA Data Requirements for Regis-
tering Pesticides because the pattern of formation and decline of degra-
dates was not addressed, the soils were not campletely characterized,
and the purity and specific activity of the test substance was not
reported. Although the soils may not be typical of those in the conti-
nental United States, the soils may be typical of those areas where
atrazine is used to control weeds in sugarcane, pineapple, guava, and
macadamia nuts.

SUMMARY OF DATA BY REVIEWER:

Ring~labeled (14cjatrazine (test substance not further characterized), at
10 ppm, degraded with half-lives of %10 days in Kapaa humic ferruginous
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latosol soil (10% organic matter, pH 4.4) and =35 days in Molokai low
humic latosol soil (4% organic matter, pH 4.3) that were incubated at 60%
of water-holding capacity and 30°C. When the soils were incubated at
50°C, the half-life of atrazine decreased to 5 days in both soils. The
degradate 2-ethylamino-4-hydroxy-6-isopropylamino-s-triazine (hydroxy-
atrazine; G-34048) was isolated from the Kapaa soil.

Total methanol-extractable [14C]compounds dissipated with half-lives of
~25 days in Kappa hmic ferruginous latosol soil (10% organic matter, pH
4.4) and Kula reddish prairie soil (22% organic matter, pH 5.9), ~30 days
in Kaipoioi latosolic brown forest soil (29% organic matter, pH 5.4), and
~55 days in Molokai low humic latosol soil (4% organic matter, pH 4.3)
that had been treated with ring-labeled [l4C]atrazine at 10 ppm and in-
cubated at 60% of water-holding capacity and 30°C. It was reported that
similar data were cbtained for soils treated at 5, 50, and 100 ppm and
incubated under these corditions (no data for these temperatures were
provided) .

DISCUSSION:

1.

Material balances were not provided. The majority of soil samples were
analyzed only for atrazine and total methanol-extractable [14C]r§idues.
Total radiocactivity in the soil prior to extraction and radiocactivity
remaining in the soil after extraction were not measured. '

The formation and decline of degradates was not addressed. The study
author identified one degradate, hydroxyatrazine, in the Kappa soil at 11
and 34 days posttreatment and in the Molokai soil at 34 days posttreat-
ment, but did not quantify the degradate. Since the concentration of
atrazine was considerably lower than the total extractable residues at
all sampling intervals and since the detection limit was not reported,
other degradates may have been present. In addition, for Experiment 2,
only total radiocactivity in the methanol extracts was measured; the
radiocactivity was not characterized.

The soils were classified according to the revised 1938 classification
system and the 1955 soil survey of Hawaii. Approximate eguivalents
between the 1938 system and the current taxonamy system are: humic
ferruginous latosols are tropchumilts; low humic latosols are ustropepts;
reddish prairie soils are thermic families of udic subgroups of argiust-
olls and paleustolls, and latosolic brown forest soils are dystrandepts.
The soils were not campletely characterized; the soil textures, textural
analyses, and CECs were not reported. In addition, the soils are Hawai-
ian and contain as much as 29% organic matter; the soils may not be
typical of those in the continental United States.

The purity and specific activity of the test substance was not reported
Tt could not be determined how [14Cjcompounds on the TLC plates were

identified. It was not stated whether reference standards were cochroma-
tographed with the extracts on the TIC plates.

=6, 2™
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Recovery efficiencies from fortified soil samples were not reported.

Dnltﬁedmﬂleonglmldoamentwasanexpermrtdalgnedtodetemme
"the quantities of atrazine and hydroxyatrazine in equilibrium with the
soil maqueo.xssolutlon" 'Iheexpermentwasmtrenewedmthls
report because it is unacceptable as a batch equilibrium study; it was
not demonstrated that atrazine residues reached an eguilibrium at any
time during this experiment.
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MATERTAIS AND METHODS:
Experiment 1

Ring-labeled [14cjatrazine (test substance not further characterized) was
applied at 10 ppm to Kappa humic ferruginous latosol soil (10% organic
matter, pH 4.4) and Molokai low humic latosol soil (4% organic matter,
pH 4.3) (soils were not further characterized). The soils were incubated
at 60% of their water-holding capacity and either 30 or 50°C. The soils
were sampled at 0, 4, 11, and 34 days posttreatment.

The soil samples were shaken with methanol on a wrist-action shaker for 2
hours, then filtered. The methanol extracts were analyzed for total
radiocactivity using ISC ard for specific campounds using TIC on silica
gel plates developed with chloroform:acetone (9:1). Radioactive com-
pourds on the plates were located and quantified using a radiochramato-
gram scanner (the method of identification of radiocactive areas was not
specified).

Experiment 2

Ring-labeled [14C)atrazine was applied at 1, 5, 10, and 50 ppm to Kappa
humic ferruginous latosol soil (10% organic matter, pH 4.4), Kula reddish
prairie soil (22% organic matter, pH 5.9), Kaipoioi latosolic brown '
forest soil (29% organic matter, pH 5.4), and Molokai low humic latosol
soil (4% organic matter, pH 4.3); the Kapaa soil was also treated at 100
prm.  The soils were incubated at 60% of their water-holding capacity and
30°C. The soils were sampled at 0, 10, 30, and 60 days posttreatment.

The soil samples were shaken with methanol on a wrist-action shaker for

two hours; the methanol extracts were analyzed for total radiocactivity by
ISC.

=6.5=
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ORIEN AND GREEN : ATRAZINE IN HAWAIIAN SOILS
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Degradation of Atrazine in Four Hawaiian Soils’
8. R Omux and R. E. Gaeen?

Abstract. The degradation of “C ring-ladeled 2 .chloro-4-cthyl-

i 6-(isopropnl wtranne (atranne) was studred n the
laboratory wath four Hawanan sods sciccted foc thor wide range
of organic matter contents 14 to 2091 ptl ralues (4.4 0 6.3). and
diffccent mneralogus. \tranne coucentravons of 1. 5. 10. 30 3nd
100 ppmsw in soils 1ncutoied 3t 30 C gave sandar “C recoren cunes
Degradation was sapud n all four wls. atranine recomvers at 3
davs (W €) ranged from 13 t0 YT, of the gquantty apphed. Degea.
dation was acielerated by 3 temycsatuie ancrease (eom 30 to W C.
suggesting 2 chenucal rather than 3 olegical process The los of
atranne from smb approachcd 3 fist order reaction 1ate at 30 C.
and dovisted fiom thas at 30 C. lsdroxratrazine was the main
degpadation praziuct with onlv a shght of 3n lontitiod
“Product B™. It was concluded that chemical dugradaten thlroly.

sin) was the major pathimay of auanne low in thew wilv. Thus

procvm vay more closods relatedd 1o pil. i c. faster on low gl snls,
than with orgame matier coment ar admoipuion. The fracuan of
atrazine xhoilid on ol nacawd wath the decrease i todal st
e cansal by demidauen. Extraction of aals with bowh waier
and mothanel and subscquent analiais wl CceRracis W thau-lawr
chiomatography  showed that seume of the wethanol-extitaciable

atranne was unt sexhily desoriual by water. Thoe tewnlts indicate
that sme of the rondual arranne eatracied chemicalily mav not lse
avatlable for upmake by plants and would Le relatncly mmolnic

in il water.

InTrROVLUCTION

uE triazines are some of the most useful herhicides
made available 1o agriculture since the introduction
of (24-dichiutophenoxsacetic acid (2.1-D) in 1945, In

Recervutl for padihcstion Decombacr 23, 1968, Jostenal Sctivs No.

1060 of the Flaman Aguudingal Expounnat Matus,

Hunuw Agronvunst atd Asenigte Mol of Nunl Scwnee re-
spwrtivels, Doepartent of Agroowmy and Notl Sewe. Unneruny of

Hawaii, Honoluie, Hawan.

-v ' | -"...-.‘6‘7'“:»,"__'_ i ig

B

Hawaii, 2chioro-4.6-bis(cthylamino)-s-triazine (simazioe)
and 2-chloro-4-(cthy lamino) 6-{i~oprapylamine)-s-triazine
(atracine) are o of the wmore anporiant herhicides for
sugarcane [Sacchaium officinaswn” L) and pineapple

(Angnas coamouns (1.) Merr). \nother triazine, 2-(ethyl

amino)-i-(isoprups lamino)-G-(uethy lthio)-s-triazine  (ame-
trine). used extcmvisely a sugurcane and pineapple,
recently has been found uselul for weed control
bananas (Musa spp ) (12). Other newer triazines are he-
ing 1ested for vaneus crops in Hawaii.

Triadne selcctivity depends laigely on the ability of
some plant species 10 degrade e compound o the bio-
logiaily mactive hadgeavanalog. In swne caws, even a
sensitive trop such as bananas may be protectec from
triasine damage il the swil-applied herbicide iy afficient.
iv adsorbed on the soil to presenit movement to the roots
(3). With a given rate of application, the amount in the
soil solution s deciermined to a sreat extent by the capac:
ity of the soil to uborh the compound and by tle rate
o subsequent herbicide release into solution. Results of
adsorptioi-desorption studies wich oil-appliesd herbicides
have helped 10 expliin the sarable quantities of herb.
ciddes required for etfective weed control on dditlerent Ha-
waiian sils (13). Herbuidal activitics of atrazing and
simaane on 10 sugarcane plantations were reduced by
the high adsorption associated with high otgamc mauer
comtents but were ncrcased in high rainfall (146). The
period of eifective weed convol rangad from 40 to 10 vy
with single applications of thewe herbicides, This rela-
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tively short perid of weed control and the alnence of
rosiddue accumulation after repeated applications indicaite
rapid degradaaon by cithier biotugical ur chemical means.

The relatively high year-roumd temperacures and high
orgnic watter contents of many Hawaiian wils sugaest
that both chemival and wmicrubiological degradations
may be more rapid in Hawaii than in temperite-region
soils. Measurements of HCO. evolution from YC-labeled
triazine applied 10 a Kapaa soil indicated thar microbial
degradution was onlv a smll fraction of total degrada-
tion (11). These results are consistent with ocher recencly
published research on triazine degradation (I, 14).

The objectives of (he study reported here were 1o de-
termine atrarine degradation in some widely different
Hawaiian soils and o analyze the extent of chemical
hydrolysis of atrazine at two temperatures.

MATYERIALS AND METHODS

Sails. The surface souls used vary widely in organic matter
content and pH: chey are from lour different Hawaiian
greac soil groups sampled on che islands of Kauai, Oahw,
and Maui (Table 1). Suchis (13) reported a postive
relationship beww een orgunic carbon content and utradine
adsorption coefficient (K. for a group of Hawaiian soils
including those used in this studv. This relationship was
confirmed in this study as 1ndicated by a comparison of
the Ky values and organic matter contents Table 1.

Table 1. Characteristics of Hawaiian souls weexk 0 atratin

{ ¢ degrada.
1100 experiicing.

- Organee
Banl matter oH Atfanae
(percest) [{EY] L ¥]
Madowas tLHULS [ od 63 (S
K.ru tHFL) . 19 s 19
Kola (kP L. .. .. 2 $.9 (X}
Kapma (LEF) . 3 ®3

Hivaran grear wnl =roups Low Humw Lawnasi (1 LY. Hume Feirngraom
Lateasi (HFL: Reddioh Prawse (B Pr. omn Larmdic Brown Forews 14.05)
- s by B M Swehaaa, 1 eavermty of Haw o

‘Adwmrynana cormerent (K.) was wirained frmem an qruhlnuam rtoces 10 mi
srsane wlutdn (10 pose) 2eg 1-g snl wenple

The soils were screened through 2 2.mm sicve wnd main.
tained at the original wnoisture content wntil sl

dAtrazine applications and temn pevature variablesam\tza.
rine degradation at 30 € vas studied on aft fwug sotls
Jwith applications of 1. 3, I and 30 pprew of atrazine
with an additional 100 ppmw trewtment for the Kapaa
wil. Treaunents consisted of | ppmw ringdahelad 12C.
atrazine with untabeled atrazine being added for appli.
cations greater than | ppmw. “ieated soils were main.
tained at 60Y, water in plastic vinls and incuhated ag 30
C for 0, 10, 30, and 60 days belore extsaction.

The twa soils (Maolokai and Kapaa) showing the lurgest
difference in strasine degradition 1 the study gutlined
above were chosen for a subsequent experiment in which
two tempirature varinbles were iuposed. In this second
experiment. 2.4 wil samples were treated wiih 10 ppinw
BC.atrasine, and incubated ac 30 and 30 C for 0, 4, 11,
and 31 days. T Le higher temperature (50 C) was expected
o enhance chemical hydrolysis of atragine amd to attenu-
ate microbial activity.

510

- 6.8~

Extraction of residual 3C-trinzine. In the first experi.
ment, 10 sunples were extracied with 30 ml methanol,
‘The svilmethanol minture was shuken on a wrist-action
shaker fur 2 ir and then was Glrered through Wluitmuy
No. 12 flter paper. .\ 1.l aliquut of the clear filtrage
wis counted by Liquid scintillation. Extraction in the
second experiment was carried out ou 2 samples with
10wl methanol or water. I'he svilextractant mixture
was shikea for 2 hr and then centrifuged for 20 min ag
16,000 rpm. Water extraction was used to deteiniine the
quantities of atrazine and nvdroxyatrazine in equilibrium
with the il in aqueous solution during the measure.
ment periotl. The solugion was centrifuged amnd a 2.
aliquot was counied, Before counting, a 13-ml wintilla.
tion solution [0.3 « l.»l-l:i;~2~(~l~mclh)l~5-uhem!ox.uolyl}
beneene (dimetlis] POPOP), 7.0 g 2.5.diplenyloxazole
(PPO). and 100 g naplithalenc; L of solution with dioxane
as solven(l was ackled to each aliquot. A Packard Model
3101 liquud scintitlation spectrometer with a counting
efliciency of 6097, was used.

'Chromalogm[:hic analyses of mcthanol and wuter cx. -

lractr. Atrazine and its degradation products in water
and methdnol extracts were separatcd by thin-laver chico.
matography (hereinafier referred to as TLC) and meas.
ured with a Packard 7201 radiochromatogram scanner.
Known volumes of methano! and water extracts were
concentrated by evaporation under low heat, then spotted
on precoated silica gel (Eastman Cliromagram Sheet ¢2in,
with Rluorescent indicator) and developed with a hilu-y
form-acetone mixture (9:1, vjv) for 45 min. The propor-
tion of atrazine and hvdroxyatrazine determined by TLC
was used to calculite absolute quantities of each from the
total extractable t¢C activigy. *

Resi:tts Axp Discussion

Degradatina in relation tq soil properties. \trazine con-
cemrations of 1,5, 10, and 50 ppmww zave similar recovery
curves: thus, curves for only the 10-ppmw pplication
are shown in Figure 1. The order nf degradation for alt
atrazine concentrativns in the four souly was Kapaa >
Kula > Kaipoioi > Molokai. An examaation of <ol
characteristics such as pH, Ofgamc matter content, il
atraane K, (Table 1) reveatsthat pH appears to be mure
closely related to thie degree ol atranne degradation than
with the other il propesties. .\ simglar obsertition was
made by Weber ¢t all (17) who found that the phvto-
toxicity ol 2, Huf\u\opropvlmnmu)-h-(m:th}l;!un)a-lru;n-
uune (prometnine) to wheat (Tritecum westivum L. em
Thell) was invenselv related to sonl aculity, e, lower
phytotoxicity was obtained at P L35 dan at pi 6.5 0
the presence of wmonunorillonite clay or arganie muaner
They atributed this result to creased adsorption of
the protonated prometrsne associated with 2 Jectease in
pil of the medunn. Chemical hydeolvsis of the triasines
was catalyzed hy ahorption on ciay and OrgAINIC matter
2. 13)."

In contrast to the above fincdlings of Weber et al. (7.
Day et al. (1) did not obnerve any relutionship between
simavzite pl ylotaxirity to vats (dvena sativum ., var.
Kanota) .mh the ptt and day content for 65 soils of
Culilornia. This latter result on pH-phytotoxiciyy re-

b
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Figure 1. “Cauatme recoscry by nethanol cxiractions of four
lawatian sosls treated with 10 ppmw “Coatranue (o correction
was made lor the presence of 'C degradauon products)
.

“lationship might be explained on the basis of the pH of
soils used and the pK, value of simazine (pK, = 1.65).
The pK, value of a compound is an expression of the
negative logarithm of the dissociation constant, and pro-
vides an estimate of its susceptibility to hydrolysis with
changes in acidits. The pll of soils used by Day et al. (1)
ranged from 5.1 to 7.5, but most were Letween 6 and 7,
much above the pK, of simazine. Simazine protonation
and subscqucm lindrolysis would not be closely related
to pH in this refauvely high pH range.

In the present study, atrazine degradation in the Kai-
poioi soil was less than in the Kula soil, 1n spite of the
lower pH and higher organic matter content aad atrazine
K, of the former. It appears that the adsorption sites in
tiese two soils dilfer in their ability 10 catalvre chemical
hydrolyns. Annstrong and Chesters {2) have shown that
some achorption sites. such as the carboryl groups on a
carboxyl resin, are effective catalysts of atranne hydrol-
ysis while othier sites cause adsosption but have liutle
effect on hydrolysis.

Degradation rates and |noducts in velalion to tempera-
ture. Measurcmient of the quantities of degradation
products avociated with the total 1*C recovery allowed
a determination of revdual atrazine with time. Figure 2
shows the pricent atraane (total *C actuvine from the
eatract minus degralition  precducts) recovered from
Molokai and Kapaa woils from 0 10 31 davs at 30 and 50
C. When the data are plutted on 4 semi-log scale (figure

.

>

ATRAZINE RECOVERY, %

511

9)]
O

H
O

Y

0N
O

o 10 20 30 40
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Figure 2. Atratine tecorery by methanol extracuion ol the Molubai
and Kapaa sosls treated wuls 10 ppanw 'C atianne ankd wcubated
2t 3 ant 30 C (Cosrections mete wmade fue the preence of tna-
tine degradation products in the incthanol extiact))

not presented liere), the loss of atrazine from these soils
appearez to approach a first order reaction rate at 30 C.
However, deviation {rom this reacudn order occurrad at
the high temperature. Other workzr such as Anmstrong
et al. (1) and ZimdahB have concluded that degradation
of atrazing and other similar herbigides folloned the first
order reaction. Zimndahl's data reveal a better haear
relatiouship hetween the log of the recovercd herbiades
(atraztne, smizine, and ametryne) against tnne at 13.2
than at 31.2 C. Treated soils were handled in a sinular
way as in the prescut work, e monune at the end of
the incubation tme being 15 w0 30 of fickl capacity.
In contrast, Armatrong cf al. (1) comiucted their studies
in perfusion systems v which there was apparcntdy com.
plete muning of the »ol and herbrade,  fulfitling a
requitement (or the occurience of first mder Linctic,.
I rhe present studdy (and that of Zimdahl), at1azine was
intubated at 507, woistuse, and the poswilnlity exivs that
adsurption sites were less ac swible in thoxw Jow-water.
content systcms than in the perfusion system. This soul.
herhicide contact is ossential for adsorpuion and subse-
quent hydrolyss of atzanne to take place (1. 13, 7).
When the methanol and water extracts from Molokad
and Kapaa soily were anabyvcd by 1L, theee peaks were
obserieid. namelsattazine (R = 0.92 10 .91, hydione.
atracine (R = 0 to 0.03) and 4 minute amount of an

Mundahl, R 1 1962\ Sinetic andbais of herhicade dogradaton

i sl Ph D flsas, (hogost Siate Laivenity.
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unidentified “Product 8" (Rf = 0.70). There was almost

complete atraszing recovery with meth: -
at zero time.

The occurrence and relative amounts of the dc«r:ula-
tion products obtained Ly methanol and wacer extrac-
tions are strongly influenced by soil Ly pe, temperature,
and lengih ol incubation. Atrazine degradation occurred
{aster in the Kapaa soil than in the Molokai wi! (Figure
2). The increascd degradation at the higher temperature
shown in Figure 2is evident also in the TLC data which
present the relative extent of atrazine hydrolysis wuh
time and temperature (Figures 3, 4, and 5). Swlll

for all soils

100 An?m

KAPAA_ 808,
. HOAS0g |
s 80
-1 80 Atrgring
el ]
H
%2
¥

<]

WeOM Extract H0 Ezlmcl

[ PV S S T R Y PP -

o scaly

Figure J. Radiochromatogram of TLC on mrthanol and nun ex-
tracts froen Kapaa »0il 1§ davs alter teatisent (30 C).

KAPAA SOi|
34 DAYS
MeOH Extroct

Hydroxy-

Alrazine airazine

:ot .
0 m—-—*——/\____ 50 C
20 '

0}

o0 A

f W NS W |

e 30¢

RELATIVE PEAK HEIGHT

| S0 W T W N
cm scale

Figure 4. Rautinchromatogram of TLC on mcthanel extracts from
Kapaa soil 31 days aker treatment (30 and 30 C).

Aeoodosad

amounts of hydroxyatrazine were detected at 4 days but
increascd gradually (Figure 8, 11 dass) unul hydeoxy.
arrazine was the only extracted source of *C in the
Kapaa sail after 34 davs at 30 C (Figure 4). The ten-
perature clfect on d:.gnd:uion which is cvudent in the
recovery curves of Figuie 2, is secn alvo 5 the Kapaa TLC
data of Figure 4. The Molokai soii had a lower rate of

degradavion bhut a temperature response similar to that

" RELATIVE PEAK HEIGHT

2610~

MOLOKA! SOl
34 DAYS (50 C)

Hydroxy-
Alrgzin afrazine
20 . Product
10
0 MeOH
. Extroc_t
10
ot ~\ H20
Extracf
Roaad oot A b L 0 2 2 2 4 3

em scale

f igure J. K:duxhron-ﬂnrun of TLC on methanol and water ex.
tracts {1omn Mowkas wil 31 days alter treaunent (30 C)

of Kapaa soil (Figure 2). Figure 5 shows the presence of
atrazine amd hydroxjyatrazine i approuimately equal
quantities and also an unidentified “Product B in
Molokai soil incubated at 50 C. It is particularly siguifi-
cant that no atrazine was detected in the water eatract
ol the Molokai soil ali.r 34 days, showing that se:.
of the inethanolextractabie atrazine iu this soil was not
readily desorbed by water. Such a lack of reverubality
in adsorption indicates that not all of the chemicailly
extractable atrazine would be pmxoxouc to planus grow:,
ing in_the soil.

A siznificant aspect of thewlata in Figure 1 is (he high
rate of 4C reduction during the frst 10 d.\vs of the 60-day
incubaton period. in contral, data from earlier stuelics
with Kapaa il showed that #CO, crvolution could ac-
count for only abeut 37, of the ioss 1n V'Coatrazine activ-
ity for 1 peruad of 9 days (11), the amount being very low
compared 0 data presented i Figure L Tha low °C
loss as measured by 1CO, avolution might >uggest viher
pathwavy of losy, such as chemical degradation. Wiile
bintogical denradation accurs (9, 11 1), chemuaal deg-
radation .‘ppe.srcd to be mere :xzmﬁc.mt w this stucdy
and in thowe of uiher workers (1, 7, 14).

Degradntionadsorption 1elationship. \n attempt was
made to understand the reduced rate of hvdrolysis with
time which was reflected in response at 50 C deviaung
from first order kinctics. Atrazine recovery data were
luethier analvred by exanuning the relative quantities
of achhorbed amd solutinn atranne with ume. Interest in
the relationip between adsorption and tdegradation has
been stunulated by rerent evudence abtiined bs Arm-
scrong and Clhesters () chie Arst-order rate comtants for
atraane hydrolysis in aqueous suspeisions of a sl and
2 carhaxyl restnt wete shiown to be hingaly relawd w the
percemtage of attaane adhorbed. T hus, changes in ad-
torpuon with time could be icilcctedt in degradation
rates.

The amount of atrazine adsorbzd and apparent .l
sorption coclhicients shown in Table 2 were calculated
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Table 2. Calculated adsorption of atrazine 1n relation 10 atrazine
rd

degradation in Motukay and Kapaa souls*

Toud Arrasine

Mracine toar A Asrasine  Frcuand  Appa eat

8l C  Doye remamiag  wivonn  adoaehen steanne  sdonr s
Q= 1) (Car¢ Sddarwised,  coci..ent
»8/g re/g e/ % )
Melskar X0 4 1 9 3¢ 48 (33 42
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from a partition equation (6) and experimental data.
Since the concentrations of atrazine in aqueous solution
were meastired in a systemn with about nine times as much
water as held by the soil during incubation. the calcu-
lated adsorption percentage is probably less than that
which actually existed in the incubated samples. Relatire
valucs of the various indices of adsorption, howeser,
hould correctly represent adsorption changes with time.
The calculations show that the decrease in total atrazine
with time was accompanied bv an increase in the fraction
of strazine adsorbed. Armstiong and Chesters (2) con
sidered the atrazune adsorption percentage 1o remain
essentially constant with tunc in their svstems. The in-
creased percent adsorption measured in the present study
may be the result of (a) nonlinear adsorption over the
range of salution concentration: evcsuntered as degrada.
tion progressed and/or (b) the presence of irreversibly
adsorbed atrazine (3s indicated by Figure 3) which con-
stituted an increasing percentage of the total atrazine as
degradation progressed. Previous studies (3, 8) of tnazne
adsorption on Hawatian sols hase shown absorption iso-
therms to be loganthmic (Ficundlich t pe) for sunilar
concentrations, i.e., the linear adsorption coeficient or
percent adsorption increascd with decreasing coucentra-
uom. Since the Freundlich equation infers a slope of
infinite magnitude as the concentranon in wlution ap-
proaches zero, the increase in the lincar adworption co-
efficient as degradation progressed is not surprising.
However, if adsorption catalyses hydiolvsis, one might
expect the increase in percent atrazine adsorbed to he
accompanied by an increase in the first-order kinetic
coefficicnt rather than the measured decrcase. As stated
previously, these results i be due in part to the failure
of atrazine molecules in umstirred s0il 10 reach those
adsorpuion sites which would catalvze hydiolsis during
incubation. If s, deviauon from firmirder Linetia
would be a common occurrence in field soils.

The iraction of atrazine remaining in solution is imn.
portant in relutiun to the hivlogical activity of herbicicles
in the soil. Therefore, a seduction in the aniount of
atrazine in solution with time due to adsorpuion and
degradation (Table 2) would result in a shorter period
of weed control in the field. Since percent adsorption
generally increases with lower herbicide concenrations,
the level of phytotoxicity predicred by the pereent total
recovery (Figure 2) actually may be much lower when
adsorption is considered IHowever, if the desorption rate
for a given soil is fast enough to replenish the amount
adsorbed by plants from the soil solution. a low con.
centration of atrazine in solwion might not aitically
affect its biological activity. Thus, evaluations of both
the kinetics of degradation and the Linetics of desorption
are necessary to predict the eflectivencssof a herhicide
quer tige, . ) ’
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CONCIIISTONS::

This study was designed to provide an undisturbed system for studying
degradation in situ and is to be considered supplemental to the laboratory

However, the study is not acceptable because of the following deficien-
cies: 1) no camplete data on soil characteristics were provided; 2) low
material balance for total accounted l4C-radicactivity in the atrazine micro-
cosms study; 3) discrepancies between text and Table for the material balance
of l4c-deisopropylatrazine microcosms.
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MATERTATS AND METHODS:

a. Radioactive naterlals (atrazine and metabolites)
1. [U-rlng— CJ—atrazme, 25.6 uCi/mg, 99% purity
2. [U-r:.ng- C]-hydroxyatrazm, 23.5 uCi/mg, 99% purity
3. [U—ru1g-14C]-delsopropylatrazme, 13.7 uCi/mg,

99% puri tX
4. [U-ring-13c]-deethylatrazine, 21.3 uCi/mg, 99%
purity

b. Reference standards (atrazine and metabolites) (1), (2), (3),
and (4), corresponding purities of 98.2%, 98%, >90%, approxi-
mately 99%, and approximately 95%.

All solvents were of HPIC grade.

'IhesoilusedwasobtainedfrcmthreesiteswithinanlShafieldat
the Agricenter International in Shelby County, TN. The primary soil
is a Falaya silt loam, with organic matter content 0.9% and pH

ranging from 5.0 to 5.5. Soils were characterized according to ASTM
procedures. [hrtmactualresultsoftheanalyﬁweregreﬁentedm
the@rt] 'Ihecperatlonsthathadoccurredmtheezqae.rm\errtal
field prlor to the tests are summarized in Figure 1. Note that

there is a history of atrazine use in the experimental field.

Analysis of atrazine and metabolites in soils: Prior to the start of each

assay, backgrourd atrazine and metabolite concentrations were deter-
mined in the soil samples from each of the three sites. Soil
samples were also analyzed at each sampling date. The extraction
procedure used is outlined in Figure 2.

Soil microcosms: Intact soil cores were cbtained using 125 mL serum bottles,

Dosing

which had the bottoms cut off. This "coring device" provided a
mlcrocosmwl'mensealedatthebottan which could provide an undis-
turbed system for study in situ degradation. Abioctic degradation
rates were determined with irradiated soil samples, in which the
soil was added to 125 mL serum sample (intact), then sealed, and
exposed to 1. 35x105RADove.ra12-hrpenod (0ak Ridge Labora-
tories). All soil microcosms were brought to 80% field hold.mg
capacity and incubated at 25 deg. C.

Microcosms were dosed at rates equivalent to field application rates
of atrazine (2.20 kg/ha) and those dosed with l4¢c metabolites at
05kg/haead1. 'Ihelnmbatlonsystem:.sstmmFlgureB. The
act1v1tles in the various carponents of the microcosms were deter-

mined by oxidation of aliquots in a blologlcnl oxidizer and ISC of
aliquots of the trapping solution used in the oxidizer.

-7.2-



REPORTED RESUITS
a) [u-Ring-l4c]-atrazine microcosm.

Material balances are shown in Table I for days 25, 100, and 180 ard in
the irradiated microcosm. 14c0, and nonextractables increased with time. At
180 days, 14c0, accounted for 12.14% of the total added radioactivity and
nonextractables for 41.17%. Total 1l4cC extractables (organic and aquecus)
decreased fram 72.6% (25 days) to 28.76% (180 days). The organic extracts
decreased from 50.34% (day 25) to 5.43% (day 180); this fraction contains
parent atrazine and the metabolites deethylatrazine and deisopropylatrazine.
The aqueous soluble fraction increased to 15.28% on day 100, but then
decreased to 7.52% on day 180; this fraction would include hydroxylated
metabolites of atrazine. One of these, hydroxyatrazine, increased in
concentration by day 100.

In the irradiated microcosms (determinations only after 180 days) the
maximm 14 C-activity was associated with nonextractables. Extractables were
1.5-fold greater than in nonirradiated microcosms after 180 days. 14C02
evolution was 0.06% coampared to 12.14% for nonirradiated microcosms, which
represents a difference of 200-fold between the two systems and thus, indicate
the importance of the biological contribution.

Table II shows the atrazine and metabolite concentrations at 25, 100, and
180 days after application on a soil dry weight basis; total concentrations of
atrazine and metabolites are shown in Table III. Atrazine decreased from
5.36 ug/g of soil (day 0) to 0.04 ug/g soil after 180 days, with a subsequent
increase in concentration of the three metabolites as shown in Figure 4. The
concentration of hydroxyatrazine was the highest at the conclusion of the
study (0.41 ug/g soil). The half-lives for atrazine at 25, 100, and 180 days
were 18, 19, and 26 days, respectively, with an average half-life value of
21 days. In irradiated microcosms, atrazine concentration decreased from
7.72 ug/g soil (day of application) to 0.11 ug/g soil (180 days) , with concen-
trations of metabolites at day 180 about 2-fold greater than in nonirradiated
microcosms.

b) [U-ring-14c]-hydroxyatrazine microcosm.

Table IV shows the material balances for this metabolite. By day 180,
evolution of 1 CO in nonirradiated microcosms was 20.99% of the total label
added amd nonextractabl&s accounted for 32.90%. Total extractables (organlc
and aqueous phases) were 77.25% after 25 days and 35.61% (day 180), the
aquecus soluble fraction (which contain the parent hydroxyatrazine) decreased
from 58.03% (day 25) to 19.73% (day 180), but the dealkylated metabolites were
not analyzed.

In the irradiated microcosm (determined only after 180 days), extracted
14C-act1v1ty accounted for 44.77% (lost during partitioning). Nonextractables
were 24.50%. 1%cop-activity was 0.87%, compared to the 20.99% found in
nonirradiated microcosms and which is a 24-fold difference.
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The concentrations of hydroxyatrazine in soil microcosms (on a soil dry
weight basis) at sampling days 25, 100, and 180 after application are shown in
Table V and the total concentrations of hydroxyatrazine appear on Table VI.
Concentration of hydroxyatrazine in soil decreased from 1.24 ug/g soil (day 0)
to 0.41 ug/g soil (180 days, Figure 5). The half-lives on the three sampling
days 25, 100, and 180 were 128, 116, and 117 days, respectively, with an
average half-life value of 120 days.

In irradiated microcosms, the concentration of hydroxyatrazine decreased
from 1.75 ug/g soil (day of application) to 0.76 ug/g soil (day 180), which is
a 2-fold greater than in nonirradiated microcosms.

c) [U-rirg-14C] -deisopropylatrazine microcosm

Table VII shows the material balance for 4c-deisopropylatrazine. The
14C02 evolved increased and reached 16.38% at day 180; nonextractables
increased and reached 60.33% of the label after 180 days. The total
extractables decreased from 56.57% (after 30 days) to 10.91% (day 180); the
organic soluble fraction decreased fram 6.59% (day 30) to 0.62% (day 180).
The organic fraction contains the parent deisopropylatrazine and soluble
residues.

In irradiated microcosms (determined only after 180 days), the greatest
percentage of activity (59.91%) was associated with nonextractables. Extract-
able l4c-activity was 28.45% and was about 3-fold greater than extractable
radicactivity in nonirradiated microcosms. Evolution of 14co, was 1.76%,
compared to 16.38% in nonirradiated microcosms (9-fold difference).

Concentrations of deisopropylatrazine on a soil dry weight basis are
presented in Table VIII and total concentrations are shown in Table IX.
Deisopropylatrazine decreased from 1.20 ug/g soil on day 0 to 0.02 ug/g soil
(180 days). The half-lives at sampling dates 30, 60, and 180 were 14, 20, and
32, respectively; the average half-life value is 22 days. In irradiated
soils, deisopropylatrazine concentration decreased from 1.75 ug/g soil (day of
application) to 0.04 ug/g soil (day 180), which is 2-fold greater than in

d) [U-ring-l4c)-deethylatrazine microcosms

Table X shows the material balance for 14c-deethylatrazine determined at
30, 60, and 180 days and 180 days for nonirradiated and irradiated microcosms,
respectively. Evolved 14c0, in nonirradiated microcosms reached 24.72% at day
180 (the highest cbserved) and nonextractables reached 66.92%. Extractables
decreased fram 54.99% (day 30) to 6.30% (day 180). The organic soluble
fraction, which contains the parent deethylatrazine and soluble residues,
decreased from 19.34% (day 30) to 0.43% (day 180).

In irradiated soils, the highest percentage of ldc-activity was fourd in
the nonextractable component (49.16%). Extractables (total) were 46.45% after
180 days. Evolution of 14c0, was only 0.63%, compared to 24.72% in nonir-
radiated microcosms, which is a 39-fold difference between nonirradiated and
irradiated microcosms. :
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The concentrations of deethylatrazine (on a soil dry weight basis) at 30,
60, and 180 days for nonirradiated microcosms, and 180 days for irradiated
microcosms, are shown in Table XI and the total concentrations in Table XII.
In nonirradiated microcosms, l4c-deethylatrazine decreased from 1.22 ug/g soil
(day 0) to 0.02 ug/g soil after 180 days. The half-lives at 30, 60, and 180
days were 26, 26 and 31 days, respectively; the average half-life is 28 days.

In irradiated soil microcosms, the concentration of deethylatrazine
decreased from 1.75 ug/g soil (day 0) to 0.08 ug/g soil on day 180, which was
4-fold greater than in nonirradiated microcosms.

AUTHOR'S OONCIDISTONS

Bictic degradation rates of atrazine and the three metabolites were
significantly ter in nonirradiated microcosms than in irradiated ones.
Although scame 4C02 evolution occurred in irradiated microcosms (thus ques-
tioning sterility), it did not exceed 1% except for microcosms dosed with l4c-
deisopropylatrazine (1.8%). The degradation rates of the phytoxic metabolites
deisopropyl~ and deethylatrazine were similar to the parent compound and
indicate that neither metabolite would persist exceedingly longer than the
parent. The nonphytoxic hydroxyatrazine metabolite exhibited the lowest
degradation rate, but total 14c0, evolved was high, indicating that the
microbial degradation of this metabolite is comparable to the rate of the
chlorinated dealkylatrazines despite its apparent persistence in the
erviromment.

For l4c-atrazine, the concentration decreased from 5.36 to 0.04 ug/g soil
during the 180-day experimental period. After 100 days, concentration of
hydroxyatrazine had increased to 0.50 ug/g soil, with the dealkylated metabo-
lites increasing to 0.02 and 0.11 ug/g soil (deisopropyl and deethylatrazine
metabolites, respectively), but decreased afterwards. At the termination of
the experimental period, the concentration of hydroxyatrazine was the highest
(0.41 ug/g soil). The half-life of atrazine in nonirradiated microcosms was
21 days.

The concentration of metabolite in soil microcosms decreased during the
180-day incubation study (hydroxyatrazine 1.24 to 0.41 ug/g soil; deisopropyl-
atrazine, 1.20 to 0.02 ug/g soil; deethylatrazine, 1.22 to 0.02 ug/g soil) and
half-lives of 120, 22, and 28 days for hydroxyatrazine, deisopropylatrazine,
and deethylatrazine, respectively. '

Nonextractable l4c-activity in nonirradiated soils increased with time
and ranged from 33% (hydroxyatrazine) to 67% (deethylatrazine), but high
levels of nonextractable activity was also observed in irradiated soil micro-
cosms. Total extractables decreased during the incubation period.
Mineralization (i.e., CO, evolution) of atrazine and its metabolites was a
significant degradation path.

It is the author's conclusion that biotic processes can significantly
reduce atrazine and metabolite concentrations.
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REVIEWFR'S COMMENTS

No actual results of the soil analysis were shown in the report. It was
noted that pages 11 and 13 of the report are identical.

The mass balance for the atrazine microcosm study was scxnewhat low (81—
94%) for total accounted 14c activity and high for unaccounted 14¢ activity
(6.5-19%) .

For the 14C—delsopropylatrazme microcosm there is a discrepancy between
the text and table (Table 11 of the report) with respect to the days when
material balances were determined (30, 60, and 180 days in text; 25, 100, and
180 days in the Table).
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Ptrazine

Page is not included in this copy-.

- Pages _LLCL through ]:24é are not included.

The material not included contains the following type of

information:

Identity of product inert ingredients.

Identity of product impurities.

Description of the product manufacturing process.
Description of quality control procedures.
Identity of the source of product ingredients.
Sales or other commercial/financial information.
A draft product label.

The product confidential statement of formula.
Information about a pending registration action.

\/ FIFRA registration data.

The document is a duplicate of page(s) .

The document is not responsive to the request.

The information not included is generally considered confidential
by product registrants. If you have any questions, please contact
the individual who prepared the response to your request.
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CONCLIJSIONS:

This study is acceptable and fulfills data requirements for the anaeroblc
aquatic metabolism of atrazine (162-3).

The cambined water/sediment (sandy clay) half-life was calculated as 608
days (330 days in sediment;.578 days in water). Production of volatile
materials was minimal. Bound residues increased with time, but leveled to
about 10% of applied dose by month 12. About 70% of radicactivity in water
and 4% in sediment was still assoc1atedw1thparentatrazmeafter12morrths
(in sterile samples, above 80% remained as parent atrazine). Metabolites were
present at low levels (G-30033, 4.7%; G-34048, 5%; and G-28279, 1.4%).
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MATERTAIS AND METHODS:

Sediment: The sediment was cbtained from a farm pond in Georgia. The
sediment and pond water were used as received within 24 hours
of receipt. The characteristics of the sediment and water

were:

Texture sandy clay
Percent Sand - 46.8
Percent Silt .
Percent Clay 46.

pH
Cation Exchange Capacity (megq/100 g)
Percent Organic Matter
Percent Field Capacity
Water - Total Alkaline
Total Hardness
Total Suspended Solids (mg/L)
pH

Test material: [U-ring 14c-atrazine], specific activity 20.6 uCi/mg, 96%
purity and analytical standard.

ok N
« ¢ ® »
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Test solutions and dosing of samples. The radiocactive stock solution was
prepared by dissolving l4c-atrazine (1.46 mg/ml) in methanol. The
nonradiocactive stock solution was prepared at a concentration of
9.69 mg/mL in methanol. For the dosing solution, 5 mL of the radio-
active stock solution were cambined with 0.7 mL of the nonradiocactive
stock solution. To sterile pond water (50 mL), 203.6 uL of the dosing
solution were added while for anaerobic incubations 1100 mL of pond water
were dosed with 4.478 mL of the dosing solution. The calculated dose was
10.1 ppn (Zero time analysis performed directly on dosed water).

Metabolism chamber: To each 100 ml~erlermeyer flask containing 25 g (dry
weight) of sediment, 50 mL of the dosed pond water were added.
flasks were covered with foil and stoppered with teflon-coated rubber
stoppers The flasks were connected in series to 4CD2traps as shown
in Figure 1. Aeration was accomplished by bubbling nitrogen (60 mL/min)
for 1 hour four times per day. For sterile incubations, the nitrogen was
purified by bacterial filters. All systems were maintained at 25+ 1
deg. C.

Incubations:

a) Anaercbic chambers: Twenty-four flasks were used (10 for
anaercbic and 2 for sterile sampling periods, each in
repllcate) and connected as indicated above. Anaercbic
conditions were monitored with an anaercbic indicator.

b) Sterile chambers: Flasks (four), prepared as for anaercbic
incubation, were autoclaved for 1 hour at 15 pounds of pressure
at 121 deg. C. Pond water was autoclaved separately under the

~8, 2~
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same conditions. After autoclaving, the flasks were prepared
as described for anaercbic incubation.

Sampling: Zero-time sampling involved analysis of dosed sterile and active

Analyses

water. Active anaercbic test systems were removed fram incubation
at 1, 3, 7, and 14 days amd at 1, 2, 3, 6, 9, and 12 months.
Sterile flasks were analyzed at 6 and 12 months. Replicate test
systems were removed and analyzed at each sampling interval.
Analyses consisted of characterization of residual parent and
metabolites in water and sediment. Trapping solutions were
analyzed for 14c0, and volatile metabolite production.

Carbon-14 radicactivity measurements were done by ISC. Sediment
samples were oxidized to 14c0, and then counted.

Metabolites in water samples were characterized by first
centrifuging the samples to separate the water phase from the
sediment, counting directly the aliquots of the water, and then
spotting a replicate portion on TIC plates. Sediment samples were
extracted with methanol/water, 90/10 (100 mL) by mechanical shaking,
removing the sediment by vacuum filtration, and rinsing the sediment
several times with dichloromethane. Rinses and extract were
evaporated, redissolved in acetone, counted for radicactivity, and
spotted for TIC. Baxﬁrsﬁu&smextractedsed:mrtswere
quantified by combustion to 1 coz

TIC plates (2 per each sampling interval) were spotted with extract
and overspotted with nonradicactive parent. Nonradiocactive metabo-
lite standards were chromatographed in a separate colum. Two
solvent systems were used: chloroform/methanol/formic acid/water
(80/15/4/2 by volume) and toluene/acetone (75/25 by volume),
developed to a 15 cm solvent front. Radiocactive zones were scanned
with a linear analyzer and visualized under 254 mm light.

Calculations: The metabolic rate constant was calculated assuming pseudo-

first order degradation,

InC=-%kt+ 1nCq
k = rate constant
C = chemical concentration
t = time (days)
Co = initial concentration

where t1,, ~ 1n 2 = 0.693
k k

REPORTED RESULTS AND CONCIDSTONS

The radiocarbon balance is shown in Table I. For the active aercbic
incubations, it ranged from 83.8 to 108.1 percent of the original dose. Table
II shows the TIC results. Production of volatile products was minimal (< 1%)
through 6 months of anaercbic aquatic incubation, with some increase noted in

=8, 3=
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the amount of bound residues, which leveled at about 10 percent of dose by
12 months. By 12 months most of the radiocactivity was associated with parent
atrazine (about 70% in the water and 4% in the sediment). Metabolltasmre
present at low levels: G-30033 (4.7%, 0.48 ppm), G-34048 (5%, 0.52 ppm),
G-28279 (1.4%, 0.14 ppm).

Table III shows the half-life and rate constant calculations. The
anaercbic aquatic metabolism of atrazine is depicted in Figures 2 and 3. The
half-lives of atrazine in water and sediment were different (330 days sediment
and 578 days water). A cambined water/sediment calculation showed a half-life
of 608 days.

In sterile samples, above 80% of the radicactivity remained as atrazine
(Table IV).

REVIEWER'S OCOMMENTS

This study was found acceptable. EFGWB concurs with the study author's
conclusions.

-8.4~
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Mcbility - Ieaching and Adsorption/Desorption

This study was included in the 1983 Registration Standard. The study is
scientifically sound and provides supplemental information towards the
registration of atrazine. This study does not fulfill EPA Data Require~
ments for Registering Pesticides because: Effect of soil characteristics
- the test solutions contained a surfactant, the temperature during
equilibration was not reported, only cne concentration of atrazine
instead of at least four concentrations was studied, distribution coeffi-
cients (K3) were calculated instead of Freundlich K values, and desorp-
tion was not addressed; Effect of pesticide concentration - the test
solutions contained a surfactant, concentrations >30 ppm that were
studied exceeded the aquecus solubility of atrazine, the temperature
during equilibration was not reported, and desorption was not addressed;
Effect of equilibration temperature - the test solutions contained a
surfactant, only one concentration of atrazine instead of at least four
concentrations was studied, distribution coefficients (Ky) were calcu~
lated instead of Freundlich K values, and desorption was not addressed.
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SUMMARY OF DATA BY REVIEWER

Based on batch equilibrium experiments, ring-labeled (14cjatrazine
(parity >97%), at 1 ppm, was very mobile in twenty-five soils ranging in
texture from sandy loam to clay, with distribution coefficients (Ki
pesticide adsorbed to soil + pesticide in solution) of 0.6-4.8. [¥%C]-
Atrazine, at 5-70 ppm, was very mcbile in silty clay loam soil mth a
Freurdlich Kygg value of 4.32 and a n value of 0.87. At temperatures
ranging from 3 to 50°C, atrazine was very mobile in silty clay loam soil
with distribution coefficients of %3.5-5.9; adsorption decreased with
increasing temperature.

DISCUSSION:

General

1.

The test solutions contained 1 mL X-100 surfactant/L. The sb.ldy authors
stated that "ttmprasenceoftm.ssmallamomrtsurfactantdldmtaffect
the adsorption of these triazines"; however, no evidence was provided to
support this statement.

The soils were not analyzed after adsorption to confirm adsorption and to
provide a material balance.

Desorption of atrazine was not studied.

Mexpenmermswemmrﬂuctedwhldxweremtpertlnenttoenvmmental
fate data requirements and were therefore not reviewed. One experiment
wasconducbedusmgclayardpeatsuspersmns In another experiment,
the elution of atrazine from soil that had been treated with atrazine,
dried at 50°C, and stored in a desiccator prior to several washings with
distilled water was studied.

Effect of soil characteristics

1.

2.

Theexperinertwascorxiuctedusirgonlymecomermratimofatxazine
instead of at least four concentrations. Since correct calculation of
Freundlich K values require that a range of concentrations bestudled
distribution coefficients (Kd pesticide adsorbed to soil + pestlcme in
solution) were calculated instead of Freundlich K values.

The temperature during equilibration was not reported.

Effect of pesticide concentration

1.

The higher concentrations of atrazine that were studied (5-70 ppm)
exceeded the aquecus solubility of atrazine (30 ppm at 20°C). The test
substance would not have been campletely dissolved in the calcium chlor-
ide solutions at the higher atrazine concentrations.

The temperature during equilibration was not reported.

-9.2-



Effect of equilibration temperature

The experiment was conducted using only one concentration of atrazine
instead of at least four concentrations. Since correct calculation of
Fraundlich K values require that a range of concentrations be studied,
distribution coefficients (Ky; pesticide adsorbed to soil + pesticide in
solution) were calculated instead of Freurdlich K values.

=9, 3=
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MATERTATS AND METHODS:

Aprelmmaxyexpenmentwascorxiuctedmordertodetemmetheammt
of time necessary for equilibration. The concentration of atrazine used
mthlsportlmoftheexpermentwaslppn,ardthetanpemmrewasmt
reported. The data (Figure 1) indicate that equilibrium plateaued by 24
hours posttreatment.

Effect of soil characteristics

Twenty-five soils ranging in texture from sandy loam to clay (Table 1)
were mixed with 0.01 M calc1um chloride:0.1% X~100 surfactant solutions
containing ring-labeled [ C]atrazme (purity >97%, specific activity
4.84 uCi/mg, source unspecified) at 1 ppm; the so:.l solution ratio was
1:10. The soil:solution slurries were shaken for 24 hours and centri-
fuged, and the supernatants were analyzed for total radiocactivity by ISC.

Effect of pesticide concentration

Marshall silty clay loam soil (4% sand, 66% silt, 30% clay, 4.2% organic
matter, CEC 21.3, pH 5.4) wasmncedmtho Olelcmmdalondeo 1% X~
100 surfactant solutions containing [ C]atrazme plus nonradiolabeled
atrazine (purity 98.5%, source unspecified) at 5-70 pmm; the soil:solu-
tion ratio was 1:10. 'Ihe soil:solution slurries were shaken for 24 hours
and centrifuged, and the supernatant was analyzed for total radiocactivity

by 1SC.
Effect of equilibration temperature

Marshall silty clay loam soil was treated w:Lth 0.01 M calcium chloride:~-
0.1% X-100 surfactant solutions containing [ C]atrazme at 1 ppm; the
soil:solution ratio was 1:10. The soil:solution slurries were shaken
for 24 hours at temperatures of 3, 10, 20, 32, 40, and 50°C. After equi-
libration, the soil:solution slurries were centrifuged, and the super-
natants were analyzed for total radiocactivity by ISC.

-9,5-



MATERIALS AND METHODS
STUDY AUTHOR(S) 'S RESULTS AND/OR CONCIUSIONS

PERTINENT DATA TABLES AND FIGURES
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represent the amount of Inrbicide present because inter
fereive may owcur from deviupapition prodicts. Any
decompenition prslnes shonb! be romwoved and  the
amount of rensining  herbicide  determined. This is
ditficult besause of the very swall quantitics used. “The
dpta presemal in Figures 4 5, amtl G reproent relutive

lues, epecially when ar altered spectrum indicatg

he prowiee of other ompands, However, e data 10
prosental may be usd to shuw relative loss of herbi-'der -

different conditions.
all herbivides followed 3 similar pattern,

anuler the
“The kmves ol

" being wost wpid during the initial stages of treatment.

“I'he reason for this in the dark is not easily explained.
During UV irvadiation, the tormation of a tun layer
of breakdown procducta probably protects the herbicide
Leneath frowm Leing decomposed. Thus, a steady state
is reachwl in which further decomposition is not pos-
‘sible until the decompuwition products are removed.
“Fhis ulicates that very little protection is required o
prevent photadecomposition.
The results of these experiments show
velength-higher euergy ultraviolet

that the shote

er light (far UV)

.- - “The Adsorption of Some s-Triazines in Soils'

Rowatp E. Tatsenr? and O. Hate FLETCRALLS

. Abatrset sod
isbeled s-teiati
dethyl

$o.amary. The extent of alsorption of five CV.
2-chlore- 5-bislethy lami h o ziench

rianiae ( ;)
). 2-chloro-
). 2-methoxy-45-bisiso-

2<ht G-isopropyl !
14-istisoprop: -s-Lr1asine - (propati
vlaming)-s-c:1azine fpromeong), and 2.4-bixisopropylamino)-8-
methy!mercapio-s bimine (prometryne) f{rom aqueous solutions by
soél wap esproused as & di buuon contlicient (Rd).
which i the ratw of the amount of hesbucue adsorbed 10 the amounat
in the cquilibruun solutiva. The Kd value for 2 given s-triazine and
hangt ined retatively over 3 range ol conceBUS-
- tipws. The adsorpiion reactwon w23 essentially at cquilibrium within
1 hour. Increasng the wwmpSrature and pH resulted in
adsorption of mmazine and atratine. The orler of increavag 2d-
sorptinn of these compounds by souls was propatine, atrazine, Hms.
sine, tone 3l promeinne. 4 of organi
matter and/or clay ia & sl geversily were anasiated with increased
abory of thee i No ad ion of simazine of atrazine
was deteqwcd with Laolinne. Punam clav, Wlite, andd montmonitlonite
were increaringly adsorptive in that onder. The organic materials

were generaily wuch more adsorptive than the clave. The aisorption -
| ote b i : P

4 P waey
with vaci orgenic ol Filty pe 1
wuveryeleuinin"_mc' ian

was

o«

{rom

1
hicie-5

o

il

soll.
{HTROBUCTION

s is 2’ common ohscrvation that snils high in organic
matter andd clay contont regquire increased races for

Receivedd foe publication April 18, 1961, Contribution {rom Fleld
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was uwmt cifoctive in aticring the cight herbicides. It
should be rememberal that the fae UV tight (2537 my)
wael irere does ot occur i sunlight reaching the carth's
surface, The_ulteaviolet madiation in sunlight begine at
about 250 mye. ‘The light source that is ment vepresentative
of the UV frum e sun is the uear UV Laups. ‘The far
amd micddle: light sources can be uscd to shuw, japidly
the eifect of UV light on herbicides bug are not 18 repee
faguative bl ficld conditions. The wost dosirable light
source for this type of study would be oue with the same
spectral encrgy discribution as sunlight.

: . Lrevearung Civen
Dewoxy, R,

1. 1960. Further cxperimental evidence of the fate of
dw;:gt;ehuhuit Prec. British Woal Coutrel Cunlevones
5:91-47. ! "

2. Jomwan, L. S.. C.\V. Coucins, 8. E. Dav. and W. A Cumax. 1984,
Photodkrompnaitiua 0f substituted phwy lureas. Woeds J2:1-4.

3. . B. E.-Dav, aml W, A, Cuzaz. 1964 Photodcoon posi-
tion of triazines. Weeds 12:5-6.

4 Surgms, T. J. 1963. Photochemical slteration and inactivadion
of amibenn, \Weeds 11:186-190.

3. Wazsow, L. W.and F.L. T 1961. Photochemical deg-
radation of diutos and monuros. Wesds %ill-lie
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a given herbicidal activity h is generally accepted that
ths citect is due to the high adsorptive. capacity of shese
wil constituents for herbicides. Absorption of herbicides,
therefore, is basi¢ to undérstanding the behavior of herbi-
cides in soil. Adsorption in this case is the process in
which the dissolved herbicide becomes physically or
chemically bonded to the colloidal surfaces, thereby caus-
ing a net decrease in the concentration of the herbicide
in the so.ution phase. As soil-applied herbicides are gen-
erally wonsidered to enter-plant roots as solutes with the
soil water, the degree of adsorption inodifies the availabil-
ity of the herbicide to plants or the activity of the herbi-
cide (6). In-addition, it has been shown that the quantity
of orgamic matter and clay reguiatcs leaching (2. 13) and
losses (rom volatilization (3) of herbicides in soils.

Numerous greenhouse studies have been conducted

with various sriazines anl otner herbicides comparing -

their imitisl toxicity in various soil wypes (3, 14, 16, 18).

These studies have shown the high degree of influcnce of

and more specifically. the relationship af organic

soil type
the initial activity of thewe

maticr and clay content, to
herbicides,

sowne warkers have used the more direct 2 ach of
analytically measuring the amount of herbicule adsorp-
tion by vollailal constituents
that 4 hiovo-1 f-bis(ethylamina)-s-1riazine (simazine)
was adsorbed to a cation cxchauger and o activated
charcoud |ml€!m 10 an anion cxdhanger. Frisel (7) fornd
that the adésrpiion of simazing,

y-chioro--dicthylamino-

(7. 11, 17). Sheets (13) found
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1 | ~onocthylaminowsriasine (trietasing) and 2chiorod,
23 8 - sds{diethylaraina)s-triazine (chiorazine) from aguevus
= tions was greatest in monunorillonite; illite was inter-.

mediate; and kaolinite was least adsorptive. Diffcrences
between adsorption of these conpounds by montmoril.
lonite were small. Decreasing adsorption occurred with
increasing

Y,
o

R kit

£ 3 . appea”d to be fully revenible.
& { " The iavestiyations reported herzin were conducted to
pid - L (1) deveiop a simple and ngid testing .. procedure for

determining the extent of herbicide adsorpti y swils,
(2) determine the effects of various factors the adsorp-
tion of five s-triazines, (3) compare the reldtive adsorption
characteristic of simazine, 2-chloro4-ethylaminob-iso-
propylamino-s-triazine (atrazine), 2-chloro-4.6-bis(isopro-
pylamino)s-triazine  (propazine) 2-methoxy-4,6-biyiso-
propylamino)-s-triazine (prometone), and 2.4-bis(iso-

pylamino)-6unethylmercapto-s-triazine (prometryne),
and (4) study some characterintics of the adsurption
veaction.

\F,_A.
,‘f@?‘.:i

530
i

Martzaials avp MrTHODS

Stock solutions containing 2-20 ppm of ring labeled
simazine-C'® (specific activity 5.07 uc/mg). atrazine-Cié
(4.84 pc/r g), propazine-Ci¢ (9.2 pcjmg), prometoneC
(4.57 puc/mg) and prometryne-C¢ (7.16 uc/mg) were pre-
pared, utilizing a Waring Blendor and i mi ot 1% X-100
surfactant/L, and stomed ac 8 C. The presence of this
small amount of surfactant did not affect the adsorption
of these triazines. The purity of the labeled materials
wvas checked by dissolving in 95 percent alco'ol, chron-

graphing (ascénding) on Whauman No. 1 filter paper

.ips using n-butanol-acetic acid-water (4:1:1) 23 2 sol-
vent, eluting »ections of the flter paner strips in the
liquid scintillawr and deiermining rle proportion ot
radioactivity associated with the primary spot af
activity (R¢ berween 090 and 0.33 for all fve
triszines). All the radioactive materials ~apasendy had
a purity of 97 percent or more and were used without
further purificatior. Unlabeled technical.simine and
atrazine (98.5 percent) were also used in some of the
experiments.

Fectors affecting- adsorption. .
The standard procedure wswd Tor thre determinatios of
tion was to weigh 0.3 g of airdry soil in 2 15ml
Elan centrifuge tube and add 5 ml of | pprmw s-triazine-

1 (in 0.0] M calcium chloride). The tube was then
sealed with an_aluminum foil<overed rubber stopper.
No adsorption by glass or aluminum foil was observed.
whereas rubber stoppers and polypropylene were much
more alsorptive. ’

Each sample was allowed to -equilibeate for 24 hours
oo a shaft which rotatcd the centrifuge tubes lengtbwise
at 14 rpm. The samples were then centrifuged amd 8.5 i
of the supernatant removed [or counting. Sampley of the
sriazineCH solution without soil were reated in the
same manner and wsed as 3 standand, The ditfcrence be-
tween the amout of sdriazine-C* foumd in the standard
solution and in the supernatant of the sanple was as-
sumed to have been adsorbend. Each treatiment was run in

wiplicate. Coclficient of variation values for the various

.periments mnged from 1 w 5 percent. "Ihe resuls were

TALBERT AND FLETCHALL : S-TRIAZINES

pH of the systein and the observed adsorption

exprencd as a distribution cacfiicient (Kd) (12) which is
the ratio of the amoxint of striacine-CH adsorbed to the
amount in the equilibrium solution, Rd values may I
culculated directly from the counting data with the {ol-
lowing equation:
cpm standard—cpm eyuilibrinm solution
= b
cpre equilibrium solution
ml solution

g adsorbent
_The lauter factor converts the data to equivalent units
(ppmw adsocbed /ppanw in solution). ‘.

Counting was done on 3 Packard Tri-Carb awtamnatic
liquid scintillation counter. The liguid scintillator con-
sisted of ¢ g of 2.5diphenyloxacole (PO) plus 0.1 g of
1.4-bis-2(5-phenyloxasolyl)-benzene (POPOT) ina liter
of 30% absolute ethanol and 707 tolucne. Oue-half mi

.of the aqueous sample was added 10 19.5 mi of the liguid

scintillasor, dissolved by a slight shaking, and counted for
two ‘10-minute periods. The radioactivity was wsually
quite high and counting errors weee less than 2 percent.
Standards were used to correct for changes in counting
eficiency whenever necesary for comperisons. The count-
ing efficiency was approximately 60%. Differences in
quenching between samples were not a problem except
when counting the radioactivity in solvents other than
water. Standardized toluene-Ct4 was added to samples
when required to correct for quenching.

All five s-triazine-C'¢ herbicides were studied to deter-
mine the length of time required for the triazine to be-
come equilibrated between Aarshall silty clay foam soil
and the aqueous phase of the suspension. The general
procedure was modified in that 5 g of soil and 50 ml of
the herbicide solutions wcre equilibrated in 3-0z pre-
scription bottles, A 3-ml sample was removed [rom each
bottle at 1, 6, 12, 24, 36, 4B, 12 and 96 hr. centrifuger,
2 03 ml 2mple of the supernatent counted, and the re-
mainder of the sample returned w0 the botue for {urther
agitation. .7 ’

Solutions of simazine-C'¢ and atrazine-C'* were equili-
brated with Marshall silty clay loam at various terapera-
tures. The same sampling procedure 35 in the time study
was ured, except the sysiems were-woved to diferent
terapersiure environments and allowed to equilibrate at
fcast 1.5 houns before sampling. A laboratary oven was
died 10 obtain the temperaturey of 40 and 30 C whiic

. temperatues of 3, 10 and 20 C werc obtained with ve-
* -{rigeration and 32 C was room tamperature.

An experiment was comducted with sivaszine and atra-
zine 12 detcrmine the eifece of herbicide concentration on
their adsoeption by Marshall silty clay lam. Solutions of
atracine contining 5 w 70 ppmw were prTful frwwn
unlabeled techuical atrazine and atrazineLY. Lower

_ comcentrations of sinazing amd atrazing were preparal
from the labelcd material only, The standanl procedure™
was usedd 10 determine the adsorprion from the variows
solutions. . .

“The cffect of sl type on the Kd values for the five
triazing herbicides was determined. Samples of top il
from twenty-five gl types roproenting all negions of
Missouri (1) were obiamwal (Lable ). Particles groater
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than 2 mm diaméter were reproved by screening and the method (10) employing 2 mico-stzam dissillatior.

aie<iry samples stored. Organic mateer, phospacrus, cal-
cium, magnesium, iurn, hydrogen. and salt pH (in
0.01 M calcium chloride) were determined by wandard
Missouri soil testing procedures (9). cation exchange
capacity by the ammonium distillauon method (10). par-
ticle distribution by the pipette and sieve method (4),
and Kd values by the standard procedure as previously
described. Simple correlation coefficients of the various
sail propertics among themselves, of Kd values of the five
triazines among themselves, and between soil properties
and Kd valués of the five triatines were calculated using
the experimnental data from the twenty-five wil eypes.
Four clay materials, Georgia kaolinite, 1llinois grundite
(illite}, Wyoming bentonite (montmorillonite), and Put-
aam subsoil clay (predominantly biedellite), and two or-
nic materials, Wisconsin peat and peat moss, were
included in similar studies. The clays were dispersed and
particles of less than 0.002 mm diameter were obuained
sedimicntation techniques, and prepared as hydrogen sy
tens by pawing the suspensions through, an IR-122. H*
form. The Wikonsin peat wis preparcd as a sedium
system; the inorganic impurities, mostly illite, were re-
moved by sedimentation: and the suspension wreated with
the IR-120. “The clays and Wisconsin peat were adjusted
02 pH of 7 with a saturated solution of calcium hydroz.
ide and msinwined as suspensions in the following con-
rentrations: kaolinite 0.35 g/ml, illite 0.29 g/ml. mont-
mocillonite 0.06 g/ml. Putnam clay 0.15 g/ml and Wis-
evmin peat 0.05 g/l The peat maoss was grouml o pass
thromgh a 40-amesh scrcen, wnistened, wdjusted to a pH of
2 with calcium hydroxide solution, the cxces water re-
moved by suction in a Buchner funncl. and the marist
residue stored in 2 relrigerawor until wal. “The cation oz
change capacity of these materials was determined {rem
duplicate 0.5 amples using the ammonium distillio

~4- -

apparatus.

Kd values for the adsorption of simazine and atrazine
by these exchangers were deermined by adding 4 mi of
the clay or peat suspensions and 1 il of the abeled s-
wiazine solution in 13 mi cemtrifuge tubes. With the

t moss, 0.5 g of the moist material, (0.12g dry weight),
35 1l of distilled water and 1 ml of the trizzine solution
were equilibrated. All triazine solutions had 2 concen-
tration of approximately 1 ppmw before equilibration.
Samples were waken and eounted in the usual manner. In
another study, the clay and Wisconsin peat suspensions
were adjusted 10 a pH of 5 with 0.1 N hydvochloric acid
and Kd values determined im a3 similar manner. These
values were compared with those obtained at 2 pH of 7
to indicate the effect-of pH on the adsorption
equilibrium. - . s ]
Elution studies.

“The soil containing labeled s-triazines was prepared by
adding the herbicides in wauer to bring the wil to 30%
nibisture, immediately drying wader 2 50 C air current
with intermittant stirring, ‘asé stored in a3 desiccator.
“Eriplicate 1 samples of Masshall silty clay loam con-
taining simaane il airaziee were washed with succes-
sive 5-ml portions of distillal water by allowing the sys-
tems to eyuilibrate for at least 4 hourm, centrifuging,
sampling (or radioassay, dianding supernatant, weigh-
ing sample, and adding 3 wi of distilied water. The net
amount ol herbicide efuund wish each succesive washing
was detcnmined, aking isee account the amount of
herbicide in Use solution romaining with the exchanger
after the supernatant was disgarded, T procedure was
continucd until no- furthes radioactivity could be “re-
au-veet, 11 anothze study, 2 5 sampl= of simagine-treated

"+ lencivd with 280 5+° of distilled water over a 30
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i

*: ::Jucnul. “I'he amount of simazine cluted was deter- -
% by radio-analysis of the leachate. ®
X ; « another study, 38 ongmic wdvents and mixgu -z of

5 . .cnt: were compared for their cificiency in cxUrACUuR

. simazine from the Masshall wil In each case, $ il of the .

2 solvent were added to duplicite 1+ samples of the treatad

= s0il and altuwel 20 stand {oc § hours at rom temperature.

& “I'he amount of radicactivity in the sclvent at the ond of

this extraction period was determinait. Aquevus etanol
(1:1 v/v) was uscd in a scrics of experiments as the cluent
. o determine the effecus of time, temperature, volume,

concentration and wiw:e on the amount simazine
elutat. The elution zeoccdure developed was then eval-

vated for i e{ﬁcicw_l in eluting atraziue, propasine, and
prometrync from soi

Y

' 2

ek

K4

&

Rusurts axp Discussion !

Facfors affecting adsorption.

The effiect of timne on the adsorption equilibria between -
s0il and water a3 expremed by distribusion coefficients Y
(Kd) for the five sarinzines-C1¢ is shown in Figure 1. Al

% "I ) ) o »
Taspusatarn °C .
) Piguee 2. Eficcs of teraperature on the distribuden cocficient (Xd)
O smazineC* and aurazine-C* b M

Cv be hail silty clay loas
Andtunqmupuuo(mwpmion.

PUNBERPRETRY el

R

Ry

¥

SR AR DI

¢
B

of simazine and atrazine adsorbed decreased with in-
cressing temperature. This is a general phenomenon in .
adsorption reactions. The adsorption of these compounds

] — ' was temperature reversible, because when the soil suspen-
C ad-

&
3

& S sions were removed from 3J 0 20, 10 10 and to 3

= I . : S sorption increased proportionally. Also when the tem-
4 » : ore was increased from 40 10 50 and from 3 to 52 £
: C. adsorption decreased proportionatly. Temperature had BE
i . - . r-_u.an. . a greater effect on the adserption of simagzine than of P
= ..o-n—" = - s atrazine. . : X
4 . [Amamme ©  The amount of simazine-C** angl atrazine-CV* adsorbed &

6 d@ug > — _ at various concentrations by Marshall silty clay loam is -
i shown in Figure 3. Adsorpuion dat floued in this mas- §=
8 Lomosuomd ner are relerred to as adsorption isothermis The slop= at 3
. - exch point of this curve. which is the ratio of adsarbeud 5.
? . v y 7 > striazine o the concentration in the equilibrium solu- ¥

., tonm, is then the Kd value espressing the extent ol ad- :

e

Ren (v N . . .
on at a given concentration. Xs the concentration ol

Figue 1. Eleet of timc on the i’:;":":;‘”m ﬁ"’_‘::: sniazine was increased. the amount adsarbel increased
X in an almost linear fashion with these concentrations.

0
.

R R IR RS T

= . phem of the suspcason. N 3 5 =5
. . : - These data were abso cvaluated in more theoretical i

though the systems approached ecquilibrivm at 1 bour. terms. The generalizcd relationship for the adsorption 52
ion slowly increascd with e as inlicateu by  of solme from solution is given by the anpirial Freun- <

¥d values. This effect was numt noticcable with prome-  dlich isotherm of the form . TE

. the herbicide adsorixd to the greatest cxtent : amke® v -BY

initially. The swall increascs in adsorption with time  where @ is the amount of solute adsorbed by unit mass of v

a after | hour, may be due (o (1) a delay e wetting of  adurbent from a solution ol corcentmtion . and & and 4
) small interior capillaries, (2) the dow dillusion of the ® arC coastants for the given admwhent amd absorliate o

; triazine into these interior sur{aces, (5) 2 slow ireversible (%), By expreuing the adsorption data in logarithmic .
A fixation reaction due o chemical forces. (1) the mechan. forn amd plotting log & against Jog ¢, 4 linear plot shusuld 7B
55 TR ical breakage of solid particles, of {5) the fornation of  result il the duta fic e Freundlich cypration., Athough ® o<
“5‘3 . compilexes - . not shuw, the data plotial in Figure 3 were fonnanal teo ;’,3
i 'l'lle effect of temperature on Kd valucs for simasine.  follow the generalizad form of the almve cvquation. "Thwe. - b
e =18 gaad atradineC i shown Figure L The amount thae ad.mqni«m of sinaging amd atraging by soil dus wt s
.i‘; K ;;"*‘.'
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appear to be different from the typical form which 1s
exemplified by the adsorption of acetic acid by charcoal.

_ The values for k and n for the adsorption of simazine and

atrazine by Macshall silty clay loam soil were determained
a8 described in Glasstone and Lewis (8). These values for
simazine were k = 7.25 and n = 0.88 and atrazine k = 4.32
and n = 0.87, The n valu¢ indicates the degree of line-
arity of the adsorption isotherm with a value of 1'being
completely linear. As these 5 values are close t0 1, the &
values found for the Freundlich equation are very simi-
far to Kd values found for this soil type (Tabie 1 and
Fifuxu 1 and 2)orais approximately equal to ke. Over
a limited range of concentrations the Rd value changes
very slightly. thus justilying its use 2s 2 practical single
numerical expression of herbicidal adsorption for com-
parative purpuses. However, because of this concentration
effect, it is impontant to have similar concentrations of
herbicide ~reseat in the equilibrating solutions where
comparisons are to be made. :
The chemical d{»
30l types and their eflect on adsorpiion as ex
Kd values are given in Table 1. In general, the order of
increasing tion was propaling, atrazine, sirmazine,
tone, amxl prometryne. There were few exceptions
to this generality within the individual soil types. This
order docs not follow the invene relationship between
water solubility and adsormption found by Coggins amd
Cralts (6). The order of decreasing water solubility is
, atrazing, | wyns, propazine and sima.
zine. There wenw to be litle relationship between water
solubility and adsorption of these compounds. The al-
sorption of retone and prowneiryne varied more with
il type than the chioro-s-iriazines as indicated by the
higher coufficient of variation fur Kd values This agrees
with Shects and Shaw (16) whe showed a greater varia-
tion in initial cffective lovels among il types resulting
froww the methexy amd methylmeraplo derivatives tun

o 4

wr e

wEEREDS

Al -

those of corvesponding chloro derivatives. This cffect b

evidendly due to the greater adsorption of thoe corv

pounds as compared to the chion-trizzines

In an attempe to relawe the swil characteristies alfecting
the adsorption of thoe compounds, corrclation cocle
ficients were determined (Table 2). Of the soil charac

Table 2. Corndstion coclicicns (1) hetween soil propertics ad Kd

vaines of five siriszine wwing the exporimental data Truem 25 woll
typee of Mimourl. ¢

Ra velow fen
A % i Prommryes
mn 43 k] "]
-4 ”5 48 A9
-30 LS -43 -®
29 &3 E ] o0
£ 36 K o
K3 &1 e -3
43 Je - 38 A3
£3 » i85 A3
sy 3% - - ol
K. .37 -8l -
48 J - )

"::‘-deq duu!;-mhdﬂ.{lu\,-bdn
teristics determined, adsorption of the wiazines was most
closely related to organic matter content, clay content,
ation exchange capacity and exchangeable mazneaivm
and hydrogen. The relationships between adsor ption of
these triazines and arganic matter and <lay content are

- expected because of ‘he colloidal nature of these con-

gituents. Cation exchange capacity and amou~ts of ex-

ble cations, except potassium, are aiso, ‘A general,

dunfa
closely amociated with organic matier and clay content
(Table 3) which may be responsible for the assokiation

ﬁu. J. Correladon coeficients (t)dnrbﬂ-ﬂlpmw‘lhm
1 teularmd € i ! dats from 25 sodd types

» rom expg
of Mismourl:
N
Mg Ca M CBC Semd & Oy
19 -.g a1 73 4 6 o 3%
36 28 <1 M3 4 -6 -8
a8 =1 W Y3 =61 8 8 «i¢
7 43 -@ 38 19 % %
T e A8 T -§1 - 68
2 I3 -3 =19 9
@ -3 -® 8
=38 -3 N
-l =34
-3

Aw...-—u.d.a.-—-wu.n-ip-—h-l»
iz ngmsfeenct.

associated with pefcen: organic matter thza the chloro-
(ﬁuimCl:Imunxmwbemrdawdmm
adsorption of prometone and prometrync than organic
magter. There was a tendency for pid w0 be negauvely
correlated with Kd values. -

Il earlier assumptions arc cofrect concerning the re-
lationships Letween adsorpton and herbicidal activity,
leaching, and volatilization. it may be ible to make
s prodictions as to herbicidal acuvity, leaching and
calatilization in various suils frony herhicide adsorption
data of the type shuained in these studies. However, any
conclusivns along these lima are beyond the scope of this
wawdy. - .
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( ‘te relationships between

ion of these sriae
« are stiown in Table 4. The.chioro derivatives (sima-
T.bbl.(-:utﬂlﬂumu?)dunh-dz;p‘mdn;
arrciation corfcicnes {r) & siues o rlas
, il types of Misourl.

48 E AR
K. 42 47
48 J2

«Carrelaiiva corliciont of 48 54 3 psssn lovel and .90 41 § puresss brvel o
apuised bor siguibtasen .

gine, atrazingand ine) were apparently adsorbed in
a similar manner a1 indicated by the high correlation co-

eficients of Kd.value -between these herbicides. The. .
relationship between the adsor jon of prometone and
mesryne was much closer than the relationship be-
tween the adsorption of the chioro derivatives and pro-
metone o7 Pmme'ttyhe. Evidently different factors were
important in the adsorption of prometone and prome

tryne than in the adsorption of the chloro+triazines.

Swudies were conducted to determine the influence of
various clay and organic exchangers and their acidity on
the adsorption of simazine and atrazine (Table 5). Neither

chbl.mdqudlyorpatm-pﬂumum"tw
. deurise and sirazisg.

simazine of atrazine was adsarhed by kaolinite. Hlite and
montnorillonite were similar in their capacity to adsorb

these compounds, although montmorilionite had a cation

exchange capacity four timesas large as illite. Perhaps

the triazines were unable to penetrate inw the internal

surfaces of the expanding lattice type montmonrillonite

- clay. The Putnam clay. in spite ol its relatively high asl-
sorptive capacity for cations adsoebed very lintde sima-

sine and atrazine. Putnam abe has an expanding type
fattice. The organic exchangers were generally more -
ive than the clay exchangers, with the peag, moss

having a much greater adsorption capacity than the Wis-

corwin peac. Cation exchange capacity of thoe materials
was not Uy related 10 the adsorptive’ capacity fof
simazine and atrazine. In general, simazing was adsorbesd
ma ier extent than atrazine by the clay exchanges:
but both were adsastl by the organic cxchangers
about the ame degree. Tncreasing the acidity resuluad in
increascd alsorption by the clay systemm, but nnt by Wie
consin rca(. 1t is concludal that the extent of adseeption
is highly dependent o the type of organic maticr and
clay as well as the anwumnts of thewe awstitucnts in 2
m{ This cxplains 1o 2 large cxtent the imperfection of
correlations of amaunts of Uese constituents in svils witl
. their berbicidal acdsat(rtions characteristics.

) \LBERT AND FLETCHALL : STRIAZINES -

¢ 7 8 9 DU 1213 W B
. e 304 suadingd

Fiy 4. Elution of simszineC* and £ trom
. Manhall silty :hyh‘-vhhum:-ive additions of
R,

Elution studies.

Water clution of simazine-C'¢ and atrazineCl¢ from
Marshall silty clay loam is shown in Figure 4. It is ap-
that most of these s-triazines could be eluted grad-’

ually with water, howevez, the adsorption reaction was
not completely sevenible as indicated by the small
amounts of simazine (10%) and strazine (19%%) not re-
leased during the coune of this experiment, When 5 g of
treated soil was leached with 280 ml.of water, 2% of the
iginal radioactivity.added was recovered in the leachate.

i organic solvents were found to be very etfective

in eluting simazine {rom Marshall gilty clay loam, in
cluding methyl cellosolve, N N-dimethylformamide, lig-
uified phenol (88%). pyridine, and mixtures of ethanol
and water. Further studies indicated that 90-1107% ex-
wraction of simazine, atrazine and propuine from variots
s0il types could be obtained with 2 50-30 ethanol-water

" wlvent system within 1 hour ata emperature of 66 C

with 2 parts solvent to | part s0il. Longer extraction time
was necessary at lower temperature. Similar procedures
were not effective in eluting prometryne from soil. Those
elution_tcchniques may be usef’ for the quantitative
determination of chioro-triazines .a wils.
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CHEM 080803 Atrazine §163-1

FORMULATTION-—00——ACTIVE INGREDIENT

FICHE/MASTER ID 00116620
Froelich, L., T. Bixler, C. Peake, et al. 1982. Soil adsorption/desorption
characteristics of FMC 57020:M-4861 .

. Unpublished study received Oct. 1, 1982 under 279-EX-93. Prepared and
submitted by FMC Corp., Philadelphia, PA, CDL:248476-D.

DIRECT REVIEW TIME = 2

REVIEWED BY: J. Harlin TITIE: Staff Scientist
EDITED BY: K. Patten TITLE: Task Leader
APPROVED BY: W. Spangler TITLE: Project Manager

ORG: Dynamac Corporation
Rockville, MD
TEL: 468-2500

APPROVED BY: S. Termes
TITLE: Chenist

ORG: EFGWB/EFED/OPP
TEL: 557-2243
SIGNATURE:
CONCTUSIONS :
Mobility - Ieaching and Adsorption/Desorption

This study is unacceptable because soils were sieved through 250-500 um
mesh screens, which would remove a portion of the sand fraction and thus
cause the test substance to appear less mobile. In addition, this study
would not fulfill EPA Data Requirements for Registering Pesticides
because the study was conducted using only one concentration of the test
substance (at least four concentrations are necessary to accurately
calculate Freundlich K values).

SUMMARY OF DATA BY REVIFWER:
Based on batch equilibrium experiments, uniformly ring-labeled [l4cjatra-
zine (radiochemical purity 94.7%, specific act1v1ty 8.31 mCi/mMol), at
0.558 ug/ml, was very mobile in sand and mobile in sandy loam, silt loam,
and silty clay loam soils. Following 24 hours of equilibration, Freund-

=10.1~



lich Kujg values were 1.65 for the sand, 9.13 for the silty clay loam,
9.37 for the sandy loam, and 30.31 for the silt loam soil. The equili-
brations were conducted in 2.5 g:10 mL soil:solution slurries at 22-23°C.
Ko Values were 217 for the sand, 630 for the silty clay loam, 504 for
the sandy loam, and 2484 for the silt loam soil. Soil desorption co-
efficient (Kgog) values were 6.18, 14.48, 13.52, and 48.97 for the sard,
silty clay loam, sandy loam and silt loam soils, respectively.

Following 48 hours of equilibration, Freundlich Kygg values were 1.60 for
the sand, 8.63 for the silty clay loam, 8.92 for the sandy loam, and
29.12 for the silt loam soil. Ko values were 211, 595, 480, and 2387
for the sand, silty clay loam, sandy loam, and silt loam soils; respec-
tive K3og Values were 12.09, 20.50, 19.19, and 64.00.

DISCUSSION:

1.

The soil was too finely sieved (250 or 500 um; normal is 2000 im), so
that a significant portion of the sand fraction (0.05-2.00 mm) may have
been removed. Since sand content is often correlated with mobility,
reducing the sand content may cause the pesticide to appear less mobile. .

The study was conducted using only one concentration of (14cjatrazine;
therefore the Freundlich K values are of limited value. The study should
have been conducted using four concentrations of the test substance,
which are necessary to accurately calculate Freundlich K values and to

A preliminary study was not submitted to indicate how long it takes
atrazine to reach equilibrium in the test soils; however, data for 24-
and 48-hour samples were similar, so apparently equilibrium had been
reached by 24 hours. No explanation was provided as to why adsorption
was slightly less at 48 hours than at 24 hours.

The soil was not analyzed following desorption to determine the material
balance and to insure that the atrazine not in solution had been adsorbed
to the soil. Only the supernatants were analyzed.

The original study was not designed to determine the mobility of atra-

zine. Rather, atrazine was used as a reference compound to determine the
adsorption/desorption properties of the herbicide, FMC 57020,

=10.2~
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MATERTALS AND METHODS
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Sand, sandy loam, silt loam, and silty clay loam soils were air-dried,
s1eved (250 or 500 um), and mixed with 0.01 M calcium chloride solutions
(2 5-g soil:10-mL solution) containing uniformly ring-labeled [1 Clatra-
zine (radiochemical purity 94.7%, specific activity 8.31 mCi/mMol, Path-
finder Iaboratories) at 0.558 p.g/mL The soil:solution slurries were
shaken for 48 hours at 22-23°C, then centrifuged. Aliquots of the
supernatants were removed at 24 and 48 hours and analyzed for total

To determine desorption, pesticide-free 0.01 M calcium chloride solution
was added to the samples to replace the 10 mL of supernatant removed
after adsorption. Samples were shaken for 48 hours at 22-23°C and .
centrifuged, and duplicate aliquots of the supernatant were sampled at 24
and 48 hours and analyzed for total radioactivity using ISC.

=10.4~
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Dtrazine

Page is not included in this copy.

- Pages !ES@% through | O are not included.

The material not included contains the following type of

information:

Identity of product inert ingredients.

Identity of product impurities.

Description of the product manufacturing process.
Description of quality control procedures.
Identity of the source of product ingredients.
Sales or other commercial/financial information.
A draft product label.

The product confidential sfatement of formula.
Information about a pending registration action.

|/ FIFRA registration data.

The document is a duplicate of page(s) .

The document is not responsive to the request.

The information not included is generally considered confidential
by product registrants. If you have any questions, please contact
the individual who prepared the response to your request.
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Yu, W.C. 1986. Determination of adsorption/desorption constants of atrazine.

Conducted by Cambridge Analytical Associates, Inc., Boston, MA. Iaboratory
Study No. 59-1A. Campleted Feb. 14, 1986. Su}:xnltted by Ciba~Geigy Corpora-
tion, Greensboro, NC.

REVIEWED BY: Silvia C. Termes / TITLE: Chemist
ORG: EFGWB/EFED/OPP
TEL: 557-2243

This study is acceptable and partially contributes to fulfill data
requirements for the mobility of atrazine and its degradates on soils (163-1).

A batch-equilibrium adsorption/desorptlon study was conducted with four
different soils and four different concentrations of l4c-labeled atrazine.
Freundlich sorption constants (Kygg and Kgeg) were calculated for each of the
four different soils.

'meKadsconstantsrangedfrom0427 (sand) to 2.030 (loam soil). The
Kgeg constants ranged from 2.261 (silty loam soil) to 14.90 (sandy loam soil).
Koc ranged from 55.0 (sandy loam soil) to 135 (loam soil) for the adsorption
phase.

These results indicate that atrazine was not strongly adsorbed onto soil
particles and that desorption occurred readily.

=11.1-
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MATERTALS AND METHODS:

Soils:

Four soil types were used (Plainfield sand, California sandy loam,
Mississippi silt loam, and Hagerstown clay loam). Characteristics
of these soils were shown in Table 1. The soils were oven—dried at
90 deg. C (24 hr) and autoclaved at 120 deg. C (30 min) prior to
use.

Test material: [U-ring-l4cj-atrazine, specific activity 30.4 uCi/mgy, purity >

90% and analytical standard (nonradioactive) atrazine.

Test solution: A sterilized stock solution 10 ug/mL of atrazine,

preparedbydlssolvmgo Srgofthe 4c-atrazine and 3. 5 my
of the nonlabeled atrazine in 400 mL of 0.01 N calcium ion.
solution in deionized water was used for the preliminary
experiments. The 10 ug/mL radicactive stock solution for the
definitive study was prepared as before. From this solution,
aqueous dilutions (5 ug/mL, 1 ug/mL, 0.5 ug/mL, 0.2 ug/mL)
were made with sterile 0.01 N calcium ion solution as the
diluent. This calcium ion solution was also used as a blank
solution.

Experimental Method

In order to establish the appropriate ratio of soil to stock solution and
the equlllbratlon time, prelm studies were conducted with the sandy soil
(< 1% organic matter), since it was anticipated that the measured adsorption
cmstantsvmldbesmallermﬂithlssonthanmﬂlthoseofmgaerorganlc
matter content.

a)

b)

Adsorption: Fmrgramsofeadmoftl‘xefcurdlfferentsollswere
placed (in duplicate) in 50 mL Pyrex centrifuge tubes for each test
solution concentration. Twenty mL of test solution (0.00, 0.20,
0.50, 1.0 and 5.0 ug/mL of atrazine) weretransfen:'edtotheappro—-
pnate container, capped and shaken for 24-hrs in a shaker bath (200
agitations/min; 25 deg. C). Then the tubes were centnfuged and the
equilibrium concentration (Cg) of atrazine determined in all the
solutions.

Desorption: The desorption phase of the study was performed on the
atrazine-adsorbed soil samples. The wet soil samples were weighed
(to correct final calculations for any water still remaining with
the soil) prior to the addition of the blank 0.01 N calcium ion
solution (20 mL per tube). The samples were shaken for 24-hr as in
the adsorption phase. Then the samples were centrifuged and the
supernatant was analyzed by ISC to determine the equilibrium concen-
tration (Cg)-

-ll. 2—
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Control samples (l4c-atrazine solution without soil; 0.01 N calcium
ion solution with and without soil) were included to assess any
possible interferences.
Analytical Methods
Actual concentration of 14c-atrazine in stock solutions was determined by
HPIC. All solutions from the adsorption/desorption experiments were analyzed
by ISC (i.e., l4c-atrazine in the aquecus phase)._ Soils were extracted with
methylene chloride and the extracts analyzed for l4c-atrazine by ISC.

Calculations: All calculations were based on the Freundlich equation,
x/m = K3 Co (1/n)
or In (x/m) = In K3 + 1/n In Cg
where, x/m is the soil equilibrium concentration,
ug/g Cg, aquecus phase equilibrium concentration, ug/mL
K3, Freundlich sorption constant
~ 1/n enpirical exponent

Plots of 1n Cg versus 1ln x/m were done for adsorption and desorption and
the values n and K3y were determined by linear regression analysis.

can also be expressed in terms of the soil organic matter content:
Ka
Koc = (K3 x 100)/% organic carbon

The organic carbon content of the soil was calculated by dividing the organic
matter content by 1.7.

REPORTED RESULIS

The actual atrazine concentration in the stock solution (as determined by
HPIC) was 9.70 ug/mL and, thus, the actual test concentrations for the adsorp-
tion study were 0.19, 0.49, 0.97 and 4.85 ug/mL of atrazine.

Logarithmic plots of x/m vs Cg yielded a straight line for all four
soils, for both adsorption and desorption, as shown in Figures 1 and 2. The
results of linear regression analysis for the adsorption and desorption phases
are shown in Tables II and III, respectively. The Ky3- constants ranged from
0.427 (sand) to 2.030 (loam soil). The Kes constants ranged from 2.261
(silty loam) to 14.90 (sandy loam), which indicated that atrazine was not
strongly adsorbed onto soil particles and that it was easily desorbed.

REVIEWER'S COMMENTS

This study is acceptable. EFGWB concurs with the author's results and
conclusions.
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DATA EVAIUATION RECORD

STUDY 12

CHEM 080803 G-28273 (degradate of ATRAZINE) §163~1
2,4-diamino-6~chloro-triazine

FORMUIATTION-—RADIOLABELED MATERIAL

FICHE/MASTER ID 40431327

Yu, W.C. 1986. Determination of adsorption/desorption constants of G-28273.
Conducted by Cambridge Analytical Associates, Inc., Boston, MA. Iaboratory
study No. 59-5A. Campleted Feb. 18, 1986. Submitted by Ciba-Geigy Corpora-
tion, Greensboro, NC.

REVIEWED BY: Silvia C. Termes
ORG: EFGWB/EFED/OFP
TEL: 557~2243

SIGNATURE:
CONCTDSTONS

This study is acceptable and partially contributes to fulfill data
requirements for the mobility of atrazine and its degradates on soils (163-1).

. A batch-equilibrium adsorption/desorption study was conducted with four
different soils and four different concentrations of l4c-labeled G-28273.
Freundlich sorption constants (Kygg and Kjeg) were calculated for each of the
four different soils.

The Kzqg constants ranged from 0.108 (sand) to 0.800 (silty clay loam).
The K3eg Constants ranged from 1.172 (silty clay loam) to 6.620 (sandy loam).

The K, for the adsorption phase ranged from 11.6 (sandy loam) to 59.5 (silt
loam) .

The results indicate that G-~28273 was not strongly adsorbed onto soil
particles and that desorption occurred readily.

=12,1~-



MATERTALS AND METHODS:

Soils: Four types of soil were used: Plainfield sand, California sandy
loam, Mississippi silt loam, and Hagerstown clay loam). Charac-
teristics of these soils are summarized in Table I. The soils were
oven-dried at 90 deg. C (24 hr) and autoclaved at 120 deg. C
(30 min) prior to use.

Test material: [U-ring-14C]-G-28273, specific activity 14.1 uCi/mg, -
radiochemical purity 98% and G-28273 analytical standard.

Test solution: A stock solution of G-28273 of a nominal concentration of
10 ug/mL was prepared by dissolving 2.0 mg of 14c-G-28273 and
4.0 mg of analytical G-28273 in a small amount of dimethylsulf-
oxide, then diluted to 600 mL with a 0.01 N calcium ion
solutlon in deionized, purified water. Dilutions (5 ug/mL,
10.5 ug/mL, and 0.2 ug/mL) of the stock solution were prepared
in sterile 0.01 N calcium ion solution. A blank 0.01 N calcium
ion solution was also used. The actual.concentrations of the
stock solution and of the dilutions were determined by HPIC and
gave the following values: 8.5 ug/mL (stock solution); 0.17,
0.43, 0.85, ard 4.25 ug/mL (dilutions).

Experimental procedure: A preliminary study with the sandy soil was under-
taken in order to establish the appropriate soil-to-stock solution ratio
ard equilibration times.

a) ;;Q';longlja_s_g Four grams of each of the four soils were
placed in 50 mL Pyrex centrifuge tubes (in duplicate) and 20 mL of
each of the 14c-G-28273 solutions and the blank calcium ion
solution were added. The soil-and-solution were shaken for 24-hr
in a shaker bath (200 agitations/min) at 25 deg. C. Then the
tubes were centrifuged, the supernatants removed, and the equili-
brium concentration (Cg) determined.

b) Desorption phase: The soils from the adsorption phase
(weighed wet to correct for any residual solution) were
treated with 20 mL of 0.01 N calcium ion solution. The
samples were shaken for 24-hrs in the shaker bath (200
agitations/ min), then centrifuged, and the supernatants -
analyzed by ISC to determine the eguilibrium concentration.

Control blanks were included for each set of samples to assess any
potential interferences from reagents, soils, and test containers.

Analytical methods and calculations: All solutions were analyzed by ISC of
140.G-28273 in the aquecus phase. Methylene chloride was used to
extract 14c-G-28273 from the soils; the extracts were analyzed by ISC.
The Freundlich equation was used in the calculations,

x/m = Ky Ce (1/n)
-12.2-



or In(x/m) = InKq + (1/n)1nCe

where (x/m) = soil equilibrium concentration in ug/g
Ce = aqueous phase equilibrium cancentration in ug/mL
K3 = Freurdlich sorption coefficient
1/n = empirical exponent

Plots of InCg Vs 1n(x/m) were cbtained for both adsorption and desorp-
tion phases; linear regression analysis of the data yielded n and Ky
from the (1/n) slope and 1nKy intercept, respectively. The sorption
constant was also expressed in terms of the soil organic carbon content
via

Koc=(Kg X 100)/% organic carbon

where the organic carbon content of the soil was calculated by dividing
organic matter content by 1.7.

REPORTED RESUILTS

Iogarithmic plots of (x/m) Vs Cg (shown in Figures 1 through 2 for the

- adsorption and desorption phases, respectively) and linear regression analysis
yielded the Freundlich constants. Tables II and III present the results for
the adsorption and desorption phases, respectively. The Kygg Values were
0.108 (sand), 0.209 (sandy loam), 0.714 (silty loam), and 0.800 (clay loam) .
The Kgeg Values were 5.750 (sand), 6.620 (sandy loam), 4.340 (silty loam), and
1.172 (clay loam). The K (ads) were 23.0 (sand), 11.6 (sandy loam), 59.5
(silty loam), and 53.3 (clay loam). The Ky (des) were 1,220 (sand), 368
(sandy loam), 362 (silty loam), and 78.1 (clay loam). The results showed that

G-28273 was not strongly adsorbed onto soil particles and that was easily
desorbed.

REVIEWER'S OOMMENTS

This study is acceptable. EFGWB concurs with the author's results and
conclusions.
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STUDY 13

CHEM 080803 G-28279 (degradate of ATRAZINE) §163-1
2-amino~-4~-chloro-6-ethylamino-s~triazine

FORMULATTON-—RADIOIABELED MATERTAL

FICHE/MASTER ID 40431325

Yu, W.C. 1986. Determination of adso desorption constants of G-28279.
Conducted by Cambridge Analytical Associates, Inc., Boston, MA. Laboratory
Study No. 59-6A. Campleted Feb. 17, 1986. Submitted by Ciba-Geigy Corpora-
tion, Greensboro, NC.

REVIEWED BY: Silvia C. Termes
ORG: EFGWB/EFED/OFP
H 557=2243

TITIE: Chenmist

1t 4%/

This study is acceptable and partlally contributes to fulfill data
requirements for the mobility of atrazine and its degradates on soils (163-1)

A batch-equilibrium adsorption/desorption study was conducted with four
different soils and four different concentrations of 14c-labeled G-28279.
Freundlich sorption constants (Kygg and Kjeg) Were calculated for each of the
four dlffererrt soils.

‘meKadsconstantsrangedfmozzs (sand) to 1.144 (loamsoll) The
Kges constants ranged from 1.784 (silty loam) to 12.479 (sand). The Ko for
the adsorption phase ranged from 35.1 to 82.3.

. The results indicate that G-28279 was not strongly adsorbed onto soil
particles and that desorption occurred readily.

=13.1=

9l



MATERTAIS AND METHODS:

Soils: The following four types of soil were used: Plainfield sand,
California sandy loam, Mississippi silt loam, and Hagerstown clay
loam. Characteristics of these soils are summarized in Table I.
The soils were oven-dried at 90 deg. C (24 hrs) and autoclaved at
120 deg. C (30 min.) prior to use.

Test material: [U-ring-14c]-G-28279, specific activity 13.7 uCi/mg and radio-
chemical purity 99% and analytical G-28279 standard. were used.

Test solution: A stock solution of G-28279 of a nominal concentration of
10 ug/mL was prepared by dissolving 1.9 mg 14c-G-28279 ard 4.1
mg of analytical G-28279 in a small amount of tetrahydrofuran,
diluted to 600 mL with a 0.01 N calcium ion solution in
deionized, purified water. Dilutions (5 ug/mL, 1 ug/mL, 0.5
ug/mL, and 0.2 ug/mL) of this stock solution were prepared in
sterile 0.01 N calcium ion solution. A blank 0.01 N calcium
ion solution was also used. The actual concentrations of the
stock solution and the dilutions were determined by HPIC and
gave the following values: 9.9 ug/mL (stock solution); 0.02,
0.50, 0.99, and 4.95 ug/mL (dilutions).

Experimental procedure: Aprelimjmxysb.\dywiﬂlthesardysoil{:asunder—
taken in order to establish the appropriate soil-to-stock solution
ratio and equilibration times.

a) Adsorption phase: Four grams of each of the four soils were
placed in 50 mL Pyrex centrifuge tubes (in duplicates) and 20
nL of each of the 14c-G-28279 solutions and blank solution
were added. The soil and solution were shaken for 24~hr in a
shaker bath (200 agitations/min) at 25 deg. C. Then the tubes
were centrifuged and the equilibrium concentration (Cg), the
supernatants removed, and the equilibrium concentration (Cg)
determined.

b) Desorption phase: The soils from the adsorption phase (weighed
wet to correct for any residual solution) were treated with 20
mL of 0.01 N calcium ion solution. The samples were shaken
for 24-hrs in a shaker bath (200 agitations/min), then centri-
fuged, and the supernatant analyzed by ISC to determine the
equilibrium concentration.

Analytical Methods

All solutions were analyzed by ISC of 14c.G-28279 in the aquecus phase.
Methylene chloride was used to extract 14¢-G-28279 for analysis by LSC.

Calculations: The Freundlich equation was used in the calculations,
x/m = Kg Ce (1/n)

-13.2-



or In (x/m) = InKg + 1/n 1n Ce

where x/m = soil equilibrium concentration in ug/g
Ce = aqueous phase equilibrium concentration in ug/mL
K3 = Freundlich sorption coefficient
1/n = empirical exponent

Plots of In Cg Vs 1n x/m were cbtained for both adsorption and desorption
ard linear regression analysis of the data yielded n and K3 from the (1/n)
slope ard 1n K3 intercept, respectively. The sorption constant was also
expressed in terms of the soil organic carbon content via Koo = (Kg % 100)/%
organic carbon, where the organic carbon content of the soil was calculated by
dividing the organic matter content by 1.7.

REPORTED RESUILTS

Logarithmic plots of x/m vs Cg (shown in Figures 2 and 3 for the adsorp-
tion and desorption phases, respectively) and linear regression analysis
yielded the Freundlich constants. Tables II and IIT present the results for
the adsorption and desorption phases, respectively. The adsorption phase Kygg
varied between 0.225 (sand) and 1.144 (loam soil). For the desorption phase,
Kies varied between 1.784 (silty loam) and 12.479 (sand). Thus, these results
indicated that G-28279 was not strongly adsorbed onto soil particles and that
it was easily desorbed.

REVIEWER'S OOMMENTS

This study is acceptable. EFGWB concurs with the author's results and
conclusions. :

=13.3-
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STUDY 14

CHEM 080803 G~30033 (degradate of ATRAZINE) §163~1
2-amino-4~-chloro—-6-isopropyl-s-triazine

FORMULATION—RADIOLABETLED MATERTAL

rd

FICHE/MASTER ID 40431328

Yu, W.C. 1986. Determination of adsorption/desorption constants of G-30033.
Conducted by Cambridge Analytical Associates, Inc., Boston, MA. ILaboratory
Study No. 59-6A. Completed Feb. 26, 1986. Sul:m:.tted by Clba-Ge:Lgy Corpora-
tion, Greensboro, NC.

REVIEWED BY: Silvia C. Termes TITIE: Chemist
ORG: EFGWB/EFED/OPP |
TEL: 557-2243

SIGNATURE:
CONCTUSIONS:

This study is acceptable and’partially contributes to fulflll data
requirements for the mobility of atrazine and its degradates on soils (163-1).

A batch-equilibrium adsorptmn/dasorptlon study was conducted with four
different soils and four different concentrations of l4c-labeled G-30033.
Freundlich sorption constants (Kygg and Kgeg) Were calculated for each of the
four different soils.

The Ky3e constants ranged from 0.116 (sand) to 0.963 (silty clay loam).
The Kgeg constants ranged from 8.104 (silty clay loam) to 12.87 (silt loam).
The Ko for the adsorption phase ranged from 12.8 (sandy loam) to 66.5 (silt
loam).

The results indicate that G-30033 was not strongly adsorbed onto soil
particles and that desorption occurred readily.

=14.1=
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MATERTATS AND METHODS:

Soils: Four types of soil were used: Plainfield sand, California sandy
loam, Mississippi silt loam, and Hagerstown clay loam. Characteris-
tics of these soils are summarized in Table I. The soils were oven-
dried at 90 deg. C (24 hrs) and autoclaved at 120 deg. C (30 min.)
prior to use.

Test material: [U-ring-14C]-G-30033, specific activity 21.3 uCi/mg and radio-
chemical purity 99% and analytical G-30033 standard were used.

Test solution: A stock solution of nominal concentration of 10 ug/ml was
prepared by dissolving 2.0 mg 14c-G-30033 and 4.0 mg of ana-
lytical G-30033 in a small amount of tetrahydrofuran, diluted
to 600 mL with a 0.01 N calcium ion solution in deionized,
purified water. Dilutions (5 ug/mL, 1 ug/mL, 0.5 ug/mL, and
0.2 ug/mL) of this stock solution were prepared in sterile 0.01
N calcium ion solution. A blank 0.01 N calcium ion solution
was also used. The actual concentrations of the stock solution
and the dilutions were determined by HPIC and gave the follow-
ing values: 11.1 ug/mL (stock solution); 0.02, 0.56, 1.1, and
5.6 ug/mL (dilutions). .

Experimental procedure: A preliminary study with the sandy soil was under-
taken in order to establish the appropriate soil-to-stock solution
ratio and equilibration times.

a) Adsorption phase: Four grams of each of the four soils were
placed in 50 mL Pyrex centrifuge tubes (in duplicates) and
20 mL of each of the 14c-G-30033 solutions and of the blank
solution were added. The soil and solution were shaken for 24~
hrs in a shaker bath (200 agitations/min) at 25 deg. C. Then
the tubes were centrifuged, the supernatants removed, and the
equilibrium concentration (Cg), determined (by 1SC).

b) Desorption phase: The soils from the adsorption phase (weighed

wet to correct for any residual solution) were treated with
20 mL of 0.01 N calcium ion solution. The samples were shaken
for 24-hrs in a shaker bath (200 agitations/min), then centri-
fuged, and the supernatant analyzed by ISC to determine the
equilibrium concentration.
Control blanks were included for each set of samples to assess
potential interferences from the reagent, soil, and test
container.

Analytical methods and calculations: All solutions were analyzed by ISC of

140.6-30033 in the aqueous phase. Methylene chloride was used to extract
140-G-30033 from soils; the extracts were analyzed by ISC.

=14 .2~
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The Freundlich eguation was used in the calculations,
x/m = K3 Cg (/M)
or In(x/m) = InKg + 1/n InCe
where x/m = soil equilibrium concentration in ug/g
Ce=aqueouspl'xaseequilibri1mconcentratxatiminug/mL
K3 = Freundlich sorption coefficient
1/n = empirical exponent

Plots of InCg Vs In(x/m) were cbtained for both adsorption and desorption
and linear regression analysis of the data yielded n and K3 from the
(1/n) slope and 1nKy intercept, respectively. The sorption constant was
expressed in terms of the soil organic carbon content via

Koc = (K3 X 100)/% oxgax;ic carbon

where the organic carbon content of the soil was calculated by dividing
the organic matter content by 1.7.

REPORTED RESULTS

Iogarithmic plots of (x/m) Vs Ce (shown in Figures 1 through 2 for the
adsorption and desorption phases, respectively) and linear regression analysis
yielded the Freundlich constants. Tables II and IIT present the results for
the adsorption and desorption phases, respectively. The adsorption constants
(Kags) were 0.116 (sard), 0.231 (sandy loam), 0.798 (silty loam), and 1.007
(clay loam). The desorption constants (K3eg) were 7.900 (sand), 10.51 (sandy
loam), 12.87 (silty loam), and 8.104 (clay loam). The Ky-(ads) were 24.7
(sand), 12.8 (sandy loam), 66.5 (silty loam), and 64.2 (clay loam). The

(des) were 1681 (sand), 584 (sandy loam), 1073 (silty loam), and 540 (clay
loam). The results indicated that G-30033 was not strongly adsorbed onto
soil particles and that it was easily desorbed.

REVIEWER'S COMMENTS

This study is acceptable. EFGWB concurs with the author's results and
conclusions. v
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Yu, W.C. 1986. Determination of adsorption/desorption constants of G=34048.
Conducted by Cambridge Analytical Associates, Inc., Boston, MA. Iaboratory
Study No. 59-7A. Completed Feb. 26, 1986. Submitted by Ciba-Geigy Corpora-
tion, Greensboro, NC.

REVIEWED BY: Silvia C. Termes TITLE: Chenmist
ORG: EFGWB/EFED/OPP

TEL 557-2243
SIGNATURE:
CONCTIJSIONS

This study is acceptable and/partially contributes to fulfill data
requlranem:s for the mobility of atrazine and its degradates on soils (163-1).

A batch-equilibrium adsorptlon/desorptmn study was conducted with four
different soils and four different concentrations of ldc-labeled G-34048.
Freundlich sorption constants (Kpgg and Kgeg) Were calculated for each of the
four different soils.

The Kyqe constants ranged from 1.643 (sand) to 8.165 (silt clay loam).
The K3eg Constants ranged from 5.518 (sand) to 22.26 (silty clay loam). The
Koc for the adsorption phase ranged from 350 (sand) to 680 (silt loam).

The results indicate that of all of the atrazine degradates, G-34048 was
the strongest adsorbed.
«]5, 1=



MATERTAIS AND METHODS:

Soils: Four types of soil were used: Plainfield sand, California sandy
loam, Mississippi silt loam, and Hagerstown clay loam. Characteris-
tics of these soils are summarized in Table I. The soils were oven-
dried at 90 deg. C (24 hrs) and autoclaved at 120 deg. C (30 min)
prior to use.

Test material: [U-ring-14c]-G-34048, specific activity 52.2 uCi/mg, 98% radio-
chemical purity and G-28279 analytical standard were used.

Test solution: A stock solution of G-34048 of a nominal_concentration of 10
ug/mL was prepared by dissolving 2.0 mg 14c-G~34048 and 4.0 my
of analytical G-34048 in a small amount of acetic acid and then
a small amount of methanol, diluting to 600 mL with a 0.01 N
calcium ion solution in deionized, purified water. Dilutions
(5 ug/mL, 1 ug/mL, 0.5 ug/mL, and 0.2 ug/mL) of the stock
solution were prepared in sterile 0.01 N calcium ion solution.
The actual concentrations of the stock solution and the dilu-
tions were determined by HPLC and gave the following values:
10.3 ug/mL (stock solution) and 0.21, 0.52, 1.03, and 5.2 ug/mL
(dilutions).

Experimental procedure: A preliminary study with the sandy soil was under-
taken in order to establish the appropriate soil-to-
stock solution ratio and equilibration times.

a) Adsorption phase: Four grams of each of the four soils
were placed in 50 mL Pyrex centrifuge tubes (in dupli-
cates) and 20 mL of each of the 14c-G-34048 dilutions and
of the blank calcium ion solution were added. The soil-
and-solution were shaken for 24-hr in a shaker bath (200
agitations/min) at 25 deg. C. Then the tubes were
centrifuged, the supernatants removed, and the equilibrium
concentration (Cg), determined.

b) Desorption phase: The soils fram the adsorption phase
(weighed wet to correct for any residual solution) were
treated with 20 mL of 0.01 N calcium ion solution. The
samples were shaken for 24-hr in a shaker bath (200
agitations/min), then centrifuged, and the supernatant
analyzed by ISC to determine the equilibrium concentra-
tion.

Control blanks were included for each set of samples to assess
potential interferences from reagents, soils, and test
containers.

Analytical methods and calculations: All solutions were analyzed by ISC of
140.G-34048 in the aqueocus phase. Methylene chloride was used
to extract 14c-G-34048 from soils; the extracts were analyzed
by 1ISC. .

=15,2~=



"]he Freundlich equation was used in the calculations,

%/m = Kg Cg (/D)
or In(x/m) = InKg + (1/n)1inCe
where (x/m) = soil equilibrium concentration in ug/g
Ce = aquecus phase equilibrium concentra-

tion in ug/mL
K4 = Freundlich sorption coefficient
1/n = empirical exponent

Plots of InCg vs 1n(x/m) were obtained for both adsorption and
desorption; linear regression analysis of the data yielded n
ardefranthe (1/n) slopeanitheandmtercept respec-
tively. 'mesorptmncorst:arrtwasexpressedmternsofthe
soil organic carbon content via,

" Koe = (K X 100)/% organic carbon

where the organic carbon content of the soil was calculated by
dividing the organic matter content by 1.7.

REPORTED RESUITS

Logarithmic plots of (x/m) vs Cg (shown in Figures 1 through 2 for the
adsorption and desorption phases, respectively) and linear regression analysis
yielded the Freundlich constants. Tables IT and III present the results for
the adsorption and desorption phases, respectively. The Kygg values were
1.643 (sard), 6.482 (sandy loam), 8.165 (silty loam), and 5.867 (clay loam).
The Kgog Values were 5.518 (sand), 13.08 (sandy loam), 16.26 (silty loam), and
22.294 (clay loam). The K, for the adsorption phase were 350 (sand), 360
(sandy loam), 680 (silty loam), and 391 (clay loam). The Koq: for the
desorption phase were 1,174 (sand), 72 (sandy loam), 1355 (silty loam), and
1486 (clay loam). The results show that G-34048 was adsorbed onto soil
particles, indicating that the test material has a polar substituent that
binds to the soil.

REVIEWER'S OOMMENTS
This study is acceptable. EFGWB concurs with the author's results and

conclusions. G-34048 is "hydroxy atrazine", in which the —Cl1 has been
replaced by an -OH.
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APPROVED BY: - S. Termes
TITIE: Chemist
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SIGNATURE:
CONCLUSIONS:

Mobility - Ieaching and Adsorption/Desorption

This study has been previcusly reviewed and included in the 1983 Regis-
tration Standard. Portions of this study are scientifically sound and
provide supplemental information towards the registration of atrazine,
but do not fulfill EPA Data Requirements for Registering Pesticides
because the test substance was inadequately characterized, the method for
detecting the pesticide on the TIC plate was uncertain, and the soils
were incompletely characterized (sand and silt content were not re-
ported). Portions of this study are unacceptable because it was impos-
sible to confidently determine how the experiments had been conducted.
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SUMMARY OF DATA BY REVIEWER:

Using soil TIC methods, zadlolabeled atrazine (test substance uncharac-
terized) was detemmed to be intermediately mobile (Class 3) to mobile
(Class 4) with Rg values of 0.34-0.74 in thirteen soils ranging in

" texture from sandy loam to clay (CECs ranging from 0.2-33.7 meg/100 g).

DISCUSSION:

1. ‘These papers are summaries of numerous experiments. The study author
cambined the experiments mordertomakeqeneralcornlusmnsandto
compare and contrast the behavior of different pesticides. The most
useful document, in terms of the needs of the envirormental fate data
requirement, is part III. Most information that was provided was too
general to permit an accurate critique. For exanple, the analytical
methods include allusions to radiochromatogram scanning, autoradiography,
and biocassay methods.

2. The atrazine was not adequately characterized. The test substance was
‘ stated to be radicactive. The label position, radiochemical purity,
. specific activity, and source were not reported.
.4. Much of the data are marginally legible; some data are illegible.
5. The sand and silt content of the soils were not reported, so the

classification according to the USDA Soil Textural Classification System
could not be confirmed.

-16.2-



MATERTALS AND METHODS
STUDY AUTHOR'S RESULTS AND/OR CONCIISIONS

PERTINENT DATA TABLES AND FIGURES
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2 is also suitable for nonlabeled compounds; for
. it is ruther tedious, however, -

-« summary, the three methods gave essentially iden.
ptures of fenac movement on Hagersiown sicl soil

+ plates. Autoradiography is comidered the most
..cnient method,
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Pesticide Mobility in Soils II.. Applications of Seil Thin-Layer Chiromatography®

Chanres S. Hertine?

Dicambe and fense Ry vahues were directly related te soil
pIl ia the renge of pil 5.0 te 8.5-85. Other snil modifiestions
included i site exidation of 1oil evganic matter and the use

of model elays. Chlorpropham and propham mebilities were in-

ereased by remeval of organic matter. Diphenamid was less

mebile in exidized soil, immoblle in Camostmerilionite, and

mederately mebile in backinite. .

Additionsl Rey Words for Indexing: herbicide, insecticide,

lesching, diffusion, clays, sdsorption, surfactamts, dioxiug.

s paper, the second in & tripantite series, deals with
the use of soil thin-layer chromatography (seil TLC)

o determine pesticide mobility and the influence of some

‘edaphic and other factors oa this movement. Parameters of
the soil TLC technique per s¢ were discussed earlier (20).

The third paper describes the influence of soil parameters

on pesticide movemend, usiog statistical analyses of soil
TLC data (21). ’

Since its introduction (22), soif TLC has been used to
compare movement of several triaging (10), weea, and
ueacil herbicides (33) and 1o study factors imfluencing 2,
4-DP moverment (15). Maay nonradioactive berbicides
snd fungicides may now be iavestigated using s6il TLC a3
algae,® grass (10), and fueg® bloasssy techniques are
reporied.

Seil TLC is an inheremtly versatile technique, partly

b4

1317

95 -

S

-

Pd
¥
s

kY

§
3
>
)ﬁ:l
=
%
%
L
;3
?::
£

%



o

4
- gt

B R P e AR AN

z I T ” Y -

St
L ]

—

.. s ToT e e,

Qoo [/0-23 82 !

BEST DOCUMENT AVAILABLE |

—

2ol (/257
738
001 ROAOBDM  ATEAZING MICLORAM  DICANSA g,
.Q. 9
-
-
- of .5
° L
N -
L
K <
® s 3 ® ) de
] 2 3 ° L $

Fig. 1—Movement of five pesticides in Hazerstown siel soil
TLC plates, S00 u by 10 cm. Number below cach pesticide
sefers to the mobility class (22; see also Table 1%

because results from many samples are quickly and repro-
ducibly attainable, and partly because of certain unique
properties. For example, 18 soil columns would be re-
quired to rcpeat the soil plate depicied in Fig. 3. Many
applications of soil TLC scem feasible, and an introduction
10 some of these follows, -

MATERIALS AND METHODS
Properties of fmost soils used are tgiven elsewhere (21).

Hagerstown sicl, the most freauen.ly vsed soil, was also de-
scribed earlier (20). Celeryville ~-es, an UmMo o1l, containe.

90.4% orgamic matter, has a gli of 5.0, and nas a ficld mois- -

ture capacity of 113%.

The technique of soil thin-layer chromatography has beea
described in detail (20). Elaboration on special methods of
modifications occurs ia the Results and Discassion section.

RESULTS AND DISCUSSION -
Pesticide Mobility -

The most important application of the soil TLC method
1s for evaluation of pesticide mobility per se. In the original
publication Helling and Turner (22) tabulated Ry vale
ues of 16 herbicides on three soils. They also devised
a general classification scheme of five categories based oa
relative movement on tiagerstown sicl plates. Figure | is
a repesentative soil TLC plate showing pesticides~in
each of the five categories. Each is distinctly different in

SO1L SCI. SOC. AMER. PROC., VOL. 35, 1971

movement on the plate, and 2 conscnsus of mubnlyy |
ture suggests that the distinctions Jre indecd valyg |
lobenil 15 faint because of diffusion and volatilig,.

The mobilities, as Ry values, of 40 posticides 3 s
erstown sicl soil TLC plates arc listed in Table 1
ously published data (22) are included for compar
usg, the group represents 34 herbicides, 4 mnsect. -
insecticide “acaricide, and 1 fungicrde/ acancide. W,
exceptions (amitrele, bromacs!, and Nortron), 3l ¢
4 and § pesticides a'¢ organic acids, and only onc a, -

4, 5.-T) falls below tnesc mobinity categories. The |
zines, phenylureas, and some misccllancous compous..
generally of intermediate (Class 3) 10 low {Class 2
bility. Immobile (Class 1) pesticades include o,
cations (diquat, paraquat), chiorinated hydrocarbon o
ticides, etc. Dijeldtin is ranhed above other Ry = v,
pounds, since it appeared to diffuse very slighth. =
wends indicated here by soil TLC are consistent wauh ;
tished observations of ficld and laboratory studiey
prior mobility informaticn wa» found for the folhs
compounds: trictazine, propanil, chiorphenamidine, .
Morestaa.

Soil TLC should be applicable to screening of poter
pesticides for their mobility characterisiics. Chem .
found 10 Jeach readily, for example, might be excle.
from fucther trials if bioactivity is required at the sei
face. For comparison with Jdata {rom other soils and los -,
ratories, inclusion of a commwnly used pesticule as .
internal standard is advisable. Monurdn has been used
Belteville, in part because it has intermediate mebiay. F
sumably in such a screening program. 3 range of « i
would be included. Chemicais undergomg prefimis.
screening are nat radioisotopically labeled. Forunak
bioassays using altaed and fungi®® can now be used
many unlabelct herbicides or fungicides. Recently, Ch.
man, Gabbott, and Osgerby (10) utilized soit TLC !
routine screening of herbicides. They used browntop §°-
(Agrostis tenuis) as theic bicassay.

Pesticide Combinations

Increased use of pesticide combinations warrants stud
of the soil behavior of the components ‘when setc’
applied together. Persistence, and therefore cffccines
of one component may be altered; ¢ 2. addition of the 7
phytotoxic carbamate PPG-124 to .pplications of <&

Table §—Pesticide mobility on “lagerstown siel soil TLC plates
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. e 8--Mobility of herbicides applied In combination, oa

¢ soil TLC plates
et LI3
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Sum prolongs the latter’s herbicidal activity (13).
. wbinations may also be used to control 2 wider range
warget organisms.
Table 2 summarizes several experiments with promising
-mcidal combinations. For six soils encompassing a wide
.»p¢ in texture and organic-matter content, PPG-124 had
+ effect on movement of chlorpropham. In additional
~riments using Hagerstown soil, neither compound

.wected the movement of the other when applied at 1:1 or

*1 molar ratios. Propham movement alsg jeems un-
.icted by combinations with PPG-123. The mobilities
stopham and PPG-124 are similar for many soils; when
7licd in combination they would thus be expected to
:man together in the soil. PPG-124 should be highly
‘sctive in prolonging the persistence of prophani. Chlor-
s . toss mobils, hovever, and eventuaily scparaiion
:m PPG- 24 may occur in the soil profile. ’
Combinadons of atrazine and propachlor (Table 2)
:+¢ also tested. Again, the R, values of each component
¢ mutually independent. When pesticides are applied
relatively normal rates, this observation may be gener-
» characteristic of combinations. These data represent
“erent elfects on mobility; biclogical iateractions (which
« alter movement patterns in the field) are not reflected.

Formulation

Porticides are often applied in chemically modified form

* sith other ingredients, usually to facilitate handling 20d

¥ into the target organisms. Literature or the influence

* {umulation on pesticide mobility in soils has recently

:a summarized _£19). Esterification of organic acids

- sally reduces vertical leaching, although loss by surface
-~ and/or volatilization may be amplified.

Muthyl esters of various C-labeled acids were synthe-

-3 uiing diszomethone in diethyl ether. Movement of

N derivative (Fig. 1) relative 10 the free acid was

- <y retarded ard was oficn accompanied by 3 marked

e3¢ in diffuson as with Jicamba and fenae. A trace

* sareacted amiben may have been preseat as the mobile

stay i the methyl amiben chromatogram. Movement

amuben and its methyl ester was essentially identical to

T Muldes reported by Talken, kunyan, and Baker (35)

© 7 keaching in slotted 30il columns, and to observations

Liavcons, Burnside, and Lavy (25). The esters are rap-

. Mrdrolyzed to free acids in moist soil (12, 30, 33),

* movement patterns in the ficld will reflect this conver-

.
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Fig. 2=-Movement of acidic herbicides and their methyl esters
ia # Hagerstown sicl plate.

sion. The more common “low volatile™ or long-chain ester
detivatives would probably exhibit even ficss solutien and
vape. plase movement than the csters in Fig. 2.

sdjuvants may, at least temporaridy, influence the move-
m.nt of pesticides into the soil. For example, mobuiities of
NPA (14, 34) and EPTC (26) were retarded by a vanety
of c-.criers. Mobility of diuton could be ircrea. o by for-
mulation with 1% solutions of 23 surfastants (6  Sevesal
fungicides weis mobilized by 1 or 105 Tweer 60 solu-
tions, according to soil TLC results.”

A brief survey was made-of the effcct of various sutfact-
ants on movemer: cf feur herveides (Table 3). 2.4-D
mobility may be eni.anwed by leaching with 1¢ Tucen 20
and perhaps with the silicones XF-1-1005 and NF-1-3653.
The silicones also appeared most effective in mobilizing
atrazine, diuron, and diquat. Tween 20 ard PM 4879
caused nearly complete loss of the origin spot of diuron,
suggesting that these surfactants are effective solubiluzers.
Diquat transferred was always slight, relative to that re-
maining immobile. Higher concentrations of cach surfact-
ant may have produced a more obvious effect on Ry values
(cf. 0.5 and 1% Tween 20), but rainfail would soon dilute
the solutions t0 < 0.5% in the field. Water penctramlity,
k, was slightly reduced by soil- or sowent-incorporated
surfactants other than XF-1-1005 and XF-1-3653.

Ketabolites

Investigations of the behavior of pesticide metabolites
or impurities in soils are relatively uncommon. The un-
raveling of biochemical pathways leading to breakdown of
the pesticide molecule has often been accomplished: but
the significance and fate (in soil systems) of products in
this sequence is generally less well known.

Several metabolites were comparcd with their parent '

hecbicide using Hagerstown sicl plates. Seil microorgan.
isms can d2grade propanil to 3.4-dichloroaniline (DCA).
DCA can funher condense in soils to 3.3'.4.4"tetrachlo-
roszobenzene (TCAB) and other products, accumulating
in increasing proportion 1o the rate of propanil applied (5,
i1, 24; Kaulman, D. D., and D. E. Miller. 1969. Microbial
degradation of several aniline bascd herbicides. Weed Sci

¥ Stipes, R. 1, and D. R. Oderwnld. 1970 Or. ¢ir.
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Table 3—Influence of Bive surfactents on the mobility of 8,4-D, strazine, diuron, and diquat on Norlolk sl soil TLC nlare,

T -—
Adine 2,
t vee agyited PR
R Bome Claca Cuseristinn . » 3.¢-D Arrasing fRuree Digea
R v} .
— . £ey . ar [ X4 .0 9 0
Pweon 36 y s Salvaat s [ 3] .9 (X4 .
i Tovws 3 - Tk Aviens corbitaa 1.8 Sadvoat am an 8 62 oo
L Towes 20 ¥ laax sorantsn ee fal esn [LX (3 ] (X ]
- Terves 50 hentoce Foh exmethy lvar oordites maaslssw & datvoad 8.8 8.6 6. 02 809
Toers 19 Kosients Tolvor et lons sorelisn Muesobecis [ %] =it [ X ] e $.% o
2 .40229 Neatunic At ) polyesy ity loun olbey s Soleosd [ Y ) on 25 508
KF-1-3858 Kesdoute Httesns (X] Sulvoud an [ Bi} ers [ B3]
XF-3-300% Cattonde Aming Bowidyistios LX) pleel [ 3] 1 0.7% 12

* Averago of & ropilcatoas (dlarve sod |y Twoes . 1 replivaitonst,

Soc. Amer Abstr., S235.). Average R, values for pro-
panil (Table 1), DCA, and TCAB (Tabl2 4) indicate that
. DCA will exhibit only limited movement while TCAB will
be immobile. Any TCAB found below the depth of incor-
poration would have formed w 2te.

Hydroxyatrazine is formed by nydrolysis of atrazine,
ametryne, or airatone in soil. Structurally similar hydroxy-
propazinc and its analogs showed the following decreasing
order of adsorption to montmorillonite: -SCH; > -OCH,
> «OH > -Cl (37). By analogy, hydroxyatrazine may be
more strongly retained by soils than atrazine (3, 17) and
therefore, also be less mobile. Results (Tables 1 and 4)
confirm this hypothesis for atrazine (-Cl), but ametryne
(-SCH;) and atratone (-OCH,) are more, not Tess,

" mobile than hydroxvatrazine. Atratone mobility (Ry =
.55) was evaluated by an algae bioassay technique.® These
mobility data scem reasonable if one assumes adsorption 10
be. in part, a function of basi:™*y; Weoer (38) found the
order 10 be -OH > -OCH, > -SCH,; > -Cl It is clear,
however, that hydroxyatrazine will leach less than its
potentizl precursors.

An carly intermediate in the metabolism of 2,4-D by
many microorganisms is 2,4-dichlorophenol (27). For-
tunately, there is no present evidence of its accumulation
in soils. \When added 1o 30il or soil isolates, the dichloro-
phenol was quickly degraded (1, 7, 8, 28); 2,4,5-trichioro-
phenol, a potential metabolite of 2.4.5-T, was not so
readily degraded. From the mobility data in Table 4, say
free 2.4-dichlorophenol should show intermediate mobility,

. increasing as'soil organic matter decreased. Its high vol-
atility as wel' as the diffuse soil TLC patterns suggest
that vapor phase movement may be substantial. 2.4.5-T is
consistently Jess mobile than 2,4-D (21) and perhaps the
trichlorophenol would also be less mobile than the dichlo-
rophenot™

‘The chlorinated dioxing are highly toxie chemicals asso-
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* Helling, C. S et al. 1971, Op. cit.

Table 4=\obility of herbicide metsbolites 20d irmpurities on
-gil T1.C plates
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" ciated with the hydropericardium factor or chick ¢,

factor (23). They arc sometimes found as impurit..s
comn.ercially processed fats and fatty acids, and have b,
detected in minute quantities in formulated 2,4,5.T .
ples. Study of the mobility of two important diouins, 2 -
dichlorodibenzo-p-dioxin and 23,7 %-.etrachlorodiber,
p-dioxin, was included in a broader ISDA program .
seribing their fate in the seil cavironment. Both dieniee
properly described, on the basis of results from 3 w
range of soils (Table 4), as being immubile. Gas chro-
tographic analysis of segments from Norfolk and Hagos
town soil TLC plates further confirmed the absence
movement. Their very low water solubility (02 ppb -
the 2,3,7,8-dioxin) undoubtedly contributes to this, It
plied indirectlv to soils, they would not move farther v
the soil profile, but as with other immobile pesticile
could be subject 10 runoff or wind erosion transport.

. Soil pH

Solution or soil pH is known to affect adserptien «
many pesticides (4. 29, 39). The dissociation constant. .
pK,, of individual compounds appears 10 be the Ley 1+
their behavior® For example, the organic acids 2.4-D 7.
2,4,5-T cxhibited negative ad.orption when they exm/
primarily as anions (pH > pK,) in a clay suspens
(36). In general, adsorption is stronger at fow than b.
pH values. Weber (39) delincated this more preciseh :
strisunes on montmorillonite:  maximum  adsorpt
oceurred at or near the pK,, with adsorption decliming
very acid as well 35 basic suspensions.

Helling (19) summarized the case tor adsorption I -
an imporiant—perhaps dominant—factor influencing ©-
ticide movement. Thus, pH should influcnce mobiit
cenain acidity levels, and some studies nith umaune e
and dicamba (2) concur, the latter being readily leas’
in soils except at pH < 4.2. Movement of 2,4-D w2t S
in H-saturated Berino sandy loam than i Ca or Vv
saturated soil, using soil TLC plates (15). Thu retis.
measured dif’crences in adsorption and. presumath. '

Soil pH was modified by addition of CaCO, (1) e
soil) or 0.01N H.SO, in increments. Soil piates that [
sessed an in site pH gradient were then prepared. Iafsr
combinaticns of two soils (or other adsorbenw) *
schieved, varying across the plate width, by placing © -
in its wedge-shaped reservoie atop a commernical grad
TLC applicator. pH was measured at 2-cm inten el
2 micro compined glass/calomel electrode. Figure 3 s
the gradation of Hagerstown sicl irom pH 5.00 10 6.5.‘9 8
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+ 3--Effect of soil pli (line) on the mobility of dicambs - & ¢ - <"

¢

spper spots) and fena. (lower spots) in & modified Hoagers-
oun sicl piate. -

. . Fig, 4—Elfect of organic matter ozidation on mobilities of &
-¢ effect of pH on dicamba and fenac mobility. In this ¢ight herbicides in & Hagerstown sicy plate. ' ;};
i region the effect & “lsar and direct; from pH 7 to 8, Hagerstown sicl was also modified by treatment with B3
.- . sgvef, movement is v,nchanged_ Gradieats of. s(gﬂin‘ scidified 30% H,O:. with 85% loss.of scil Df:lni: matter. 1
v vpH 6.32 10 7.76) produced increasing movemcEt of Plates produced from this soil readily slaked in water, and
) -,mba and fenac to ¢a. pH 6.7. Combination of other- water penetration was very slow because the soil was
. < similar soils, Dundee sil (pH 5.83) and Sterling ¢l highly dispersed. Most compounds diffused extensively
. 4 i1 7.72), produced results in accordance with the previ- during the ca. 24-hour development. Simazine and diphen-
: ; . observations. Increasing movement.of both herbicides amid mobilities were slightly reduced: mobilities of otter .
- Chillum sil cceurred from pH 5.05 to ¢3. 6.5, with no compounds were relatively vochanged. Soil plates were -
g. <her change 12 pH 7.20. also sprayed directly with H,0,, but this produced an =
= R I tmenhsurfau. Pesticide movement on sprayed plates was &
bt PSP I e somewhat greater than on ‘untreated plates. By cemipatiton, ]
‘?.' Soil Modifications the dry-ignition method for ~~moving soil organic matter =
2 . iwlation of the properties that in{luence pesticide move- was much simpler and presumnably better than the H,0, ?;
o eat would greatly assist prediction of pesticide behavior method. No knovn method for organic-matter removal can o
o - wils. A logical approach is through the use of modified be guaranteed not to affect the inherent mineralogical z
- « and other model sysiems, as in the preceding study properties, however. >
i " wil pH. . ! o
= hooer Cravs #
= i Oscanic Marven Resovar, Two eommon soil clays, montmorillonite 2ud kaolinite,
gy Grzanic matter was totally removed (analysis by were also used as adsarbent phases in TLC studies. Both : i
: ley-Black method) from Hagerstown ticl by ipwition were of commercial origin: natural calcium mousimorilon- -
o2 -:atively low temperature. Normal soil TLC plates, 300 ite was Panther Creek (Aberdeen, Miss.), the kaolinite F

- 30 ¥ 20 cm, were gradually heated to 400C during was Hydrite RS. The scids dicamba, MCPA, and 24D

13, apain sccompanied by marked diffusion. Picloram -
*'. monuron {0.55). and divron (0.33) were also i
*: mobile in exidized soil. Atrazing was unaffected, sod '

> Mhour period. The soil changed in color from light are highly mobile (Fig. 5), while {:nac is somewhat less '_

. an 10 reddish-brown but ppeated 10 retain its strue- BebtmerHosite {Cad 00p E0 @ "
x "1 integrity. Water penetrability was higher than in e mem———
p ~ified plates. Movement of eight herbicides on a8 Q :
‘*é - ted Hagerstowg-plate is depictel in Fig. 4, and should . ( O 2

% sempared with Ry values in Table 1. A striking io- G : %

£ _¢ in the mobility of chloropropham (CIPC), to Rp (} 4

¥ Y wggests that soil organié matter it quite significant "" e
‘é *renting leaching of this compound. Lateral move- K 3

2 **. presumably diffusion, is noteworthy especially con’ 4 "

= - ag the short (61 min) development time. Movement ! ’ .
. . "¢ rclated herbicide propham (IPC) is alic increased, . H :
# .

.}“ °

e ® e (3] - .

$AMBA [.1<2 BFNINAMID

" e and diphenamid movement was retarded by the :
“ent. Retardation in mobility, though surprising, fimac b suseR - -
*sfleet prefcrential adsorption to active clay sites made Fie. S—Movement of herbicides I o calei renoeiflonits ) -

* ¢ by destruction of associated soil organic matles.
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Fig. 7—=Diflusion of herbiddes in moist snd dry Hagerstown

sicl plates, 500 a.
mobile on montmorillonite. Since the clay is slightly alka-
line and possesses 3 high cation-exchange capacity, it is
not unexpected that the dissociated acids leach readily
(16). Fenac is less acidic than the others (32, 36), which
may account in part for their differential movement. Mobil-
ity of monuron (not shown) »nd diuron is reduced relative
to Hagerstown sicl piates, whin diphenamid is rendered
completely immobile. The latter is especially difficult to
explain, since there was no apparent correlation between
clay content and diphenamid R, on five montmorillonitic
soils (2]). Diphenamid differs from other compounds in
Fip. 5 in that it has two aromatic rings; this may increase
molecular size sufficiently o ircrease Yan der Waals forces
and 10 produce & positive eatropy effect, both of which
favor adsorption ¢18). Chlorpropham was somewbhat mo-
bile (R, = .40).

In contrast to its behavior on montmorillenite, dipheas-
mid is fairly mobile (aversge Ry = 0.54 for tvo plates)
in kaolinite (Fig. 6). There is a tendency for most com-
pounds shown 10 move readily as chromatographic spots
in contrast 1o the streaking pattern often occurring in soils.
Acidic compounds (including the weakly scidic Nortron)
continue t6"be most mobile in both soil and clay TLC sys-
tems. Chlorpropham on another kaolinite plate wes i
mobile to mass transfer movement Lut exhibited limited

- diffusion. Movement of this compound #as negatively coe-
related with clay content in rioe Laolinitic soils, but net
with clay in & group of montmorilionitie soils (21). Diquat

was immobile (R, = 0.01) on kaolinite, as expected from -

sdsorption data (9). The separstion of severai impurities
of 2.4-D suggests that ksolin eluted with waler may be
2 useful system for conveational TLC. -

Diffusisn

From earlier rescarch with soil TLC (22), & was clese
7 that pesticide movement occurred by two processes, mem
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was examined by applying six herbicidzs to 500, x !
20-cm Hagerstown sicl plates. Before autoradiography.
plates were maintained air-dry or at ficld moisture ezp..
for 1, 2, or 3 hou:s (Fig. 7). Only chlorpropham duls.
in dry soil and this movement increascd in the presen.:
water. Diffusion f ali compounds was, as expected, 2
tion of time Tof wralin was immobile. Other compe:
*hat diRus: extens'vely in Hagerstzwn sicl include di.-
benil (Fig. 1), various methyl csters (Fig. 21, Nems;
EPTC, and propham. Soft TLC may p.os 2 uselul &
nique for determining diffusion coefficients of pevw:
in soils.
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: - Pesticide Mobility in Soils IfI. Influence of Soil Properties’

i . ~ Cuamszs S. Herumo? o
] ABSTRACT i dmmwcn-h‘lit_r.man woils snd
! ‘::il parameters influencing pesticide pwvement were [’ b o wes 0.04 Ry

usiag simple correlation and multiple linees regression s 5 . g s .

o shses, Mobilities of 12 pesticides on 14 soils wer= frt Additional Key Words for Indesing: berbicie. imecticide,

- suctcrized by il thindayer chromatography. Mebility of e pesticides, clays, erganic matier,
--imnic compounds was inversely related to adsorptiss of 7.
alag poundi, Beld moi pacity, orgasic metler end :

& " and cati h pecity. Mobility of scidis
¢ ., “eqmueds (dicamba, picloram, fende, and 2,4D) wes direstly TH‘! observation that pesticides applied 1o goarse-textured,

* M ."d?l«l with 'wil il and inversely with picloram ediscption. ssndy soils sre submeet 10 grealer leaching Whan those
. ) i .‘;';"::‘- mobility tended to be diseetly relsted to increased found in soils of higher clay and organic guntent s now
K victually & truism. Numerous references 3 cting this are

o oy hen soils were grouped sccording to their clay mineralogy, lo..nd‘i,n two recent revicws (1, 8) Ad:optp:h;n‘o( :em-
- 1 7w was o tendency for mevement sl scidie pralicides to bo cides to various soils usuall (ollows \he inverse generatua:

‘. B 1 setly selaed o monmerillonitie clay contest snd imversely . N 7 1 vz ge
: § el 15 lomitie clay contest tion, supporting the conication that adsorption .Loverns

o - .?lvndn equations wiually ined Scld msivere mpes .

. .. watey fhee, and often simating or chlorprpham adwrption “"Pr:‘mmd ] nNr;' h{o)n a'; s-ih and OS‘-‘!. SoﬂLSci;m 'S:

“n far predicting wwvewent. These ctevs sre bighly y of America, . 13, 1968 at New Orlearm. La. Reces
% . h . o . Feb. 10, 1571, Apfroved May 14, 1571,
: wolagn with sesl ou:am«mlu: contend, ehich dets =8t 7 Research Sovl Scicatd (Chemint). Plant Scierce Rewarch

Division, ARS, USDA, Beltswille, bid. 20703,
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s mevement. Thus, those soil factor. influercing pesticide methods wised 10 determine them include: ofganic matier
adsorption—especially soil organic matie’, clay, and the Willley-Riack procedure (13): clay content. by ibe -

drometer methad: cation-exchange capacity tCEC) b
Ca saturation and utration method (13): ficld monture ¢.:
ity (FMC), after Jdrainage of excess water i soil columa,

(sometimes) soit pH—have often been relawed to move-
ment. Movement of organophosphorus insceticides (15)

and s-triazine herbicides (3) was inversely related 1o their pH, electrometricalty in 3 k.1 san/swater paste. Minerahe ® 3
- adsorption to four soils. . the clay fraction was determined wing Xoray duffracten . 2
- Statistical analyses are sometimes used to cmfirm and standard preparatory procedures. All soils used. except N,
he si :‘. { soil . town. Lakeland. and Dulfield, were previously chataic: . 3
. measure the significance ¢ 30i yaramel:r'a on p_ropcmes by Harris and Sheets (7). : 9
: . R such as pesticide adsorption (14) and bioactivity (12). Adsorption Experiments—The procedure of Hares .~
b Atrazine? rctention against lcaching in a miscibke displace- irhcelsl {7) was used. Duplicate 1-g (oven-dry baus) sur
8 ment experiment was highly correlated with organic matter soil (sieved at 250 or 500 «) were shaken 2 hours wuh ¢
. ont 'pe ! 1 was g yndc " v h s spacity- mi herbicide solution in 13 by 100 me test tubes haviag w:
9 v :\ ent, surl ac.c area, a i cation cxchange capacily lined screw caps. The herbides and their capwesut
R {CEC), according to Snelling, Hobbs. and Powers (16). (ppm) were: picloram (400). Jwron (25). chlorprep! !
L Adsorption itsell was negatively correlated with move- (80), and simazine (4). all in V01N CaCl,. Suspensiom s §
;, ment of 9 nonionic herbides, althozgh leaching was “h‘“ﬁ‘;"'f"m;i 03:0 n:n atT.";jolO‘cr 2 and lh: decantates. a4
N 2 @, H [ H or 30 man 2t 9 8 simazine decantale sas .
.} performad \ml‘\ ethanol/waier in a paiition thin-layer Iyzed by fiquid scintilauen counung. The others, aomis
W T chromatographic (TLC) system (3). - active. were analyzed using ultravioler spectroscopy ¥ -
- The objctive of the present study was to examine s0il Dugs Of €ach: picloram (221 ma), diuton (252 m. - ;
P 3 from the standpoint of parameters influencing pesticide mﬂ ‘:3: Ms). lkf;m‘ _Aﬂjahm they ::'
g mobility : TS ming " Lor & K, respectinely. sorpiion is the.ctore .
q . ility. mw of sail TLC (9, 10) pe eemitt d e"_: sented (Table o - as Yhe percentage of herbicide res wal .
R tion of pesticide movement in many soils, facilitating the 1he near-taturated solutions. Leagth of shaking, from ixr  °
P . subsequent correlation and regression analyses. ::i: heurs., did not affect picloram adsorption onto Hagets. -
' Soil Thindaver Chromatography=The technique has K
= MATERIALS AND METHODS . described in detail (9. 11). For these experunents 13 duh
3 - " : o s radioactive pesticides were applied in 3 satisucally 38
i B 5o The ot of il wd o e and sl (540, o e e 0 by S s s Monuron 2
= ¥ . standard) occurred once on each plate. Four such fept:
. were made per soil. The desclopment time was recordd
- - s Pesticide chemicals mentioned in thia test are gives in each plate; water flux data {Table 1) is based disecily o2
r Table 1 of & prececding publication (9). . time, an average {rom eight plates
’ . Table 2-Mobility of 13 pesticides om 14 ssils, using soil thin-layer chromatograpby 1
20} . - Ry of ; . '
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3 : RFSYLTS AND DISCUSSION . " rates data obtained for dicamba and fenac by direct mndi.
3 n . - fication of soit pH (10). .
& the 14 surface soils used in this study of mobility versus Pesticide movement is often thought to be governcd

1 propertics were sclected to include a broad range in
:helay (11 to $i%) and organic matter (0.1 to 8.0%)
tents, and in pH (4.3 t0 7.7). Other properties in Table

largely by its adsorption to soil. Adsorption (Table 3} was -
an sccurate single-factor predictor of the movement of
most nonionic compounds. Prediction of movement was

3 . . . )

x wuch as moisture capacity, CEC, and adsorption of vatk- _ gpen pegt for chemically similar pesticides, e.g., simazine

2 ~ pesticides, are usually correlated with chy‘:nd[?r (—885°°) or atrazine (—.870°°) mobility with sima-

v jnic matter. As cxpected, they also vary widely in zine adsorption. Chlorpropham’s adsurption was less well
' -gnitude. . correlated with its own mobility than with the mobility of

The. soils can be grouped broadly into five montmoril-
aic soils (numbers 4, L1, 13, 16/ 29) 3nd nine non-
-atmorilfonitic soils. The latter characieristically contain
i .tinite and vermiculite and are from the eastern USA.
}\ summary of pesticide mobility appears in Table 2.
1

three other herbicides. Perhaps this reflects the exicnsive
diffusion chlorpropham undergoes, a process more likely
subject to variability in soil TLC than the mass transfer
movement that characterizes other compounds. Picléram
adsorption is significantly related oniy 1o fenac mobility,
although moveiacnt of 2 4- and picloram tend also to
be inversely reiated. Picloraia adsorption data (Table 1)
seemed erratic, perhaps because it was always rather low.
It is clear from coreelations of movement with adsorption
and other soil parameters that acidic pesticides behave im
a strikingly different manner than do nonivnic compounds.

Adsorption itselfl was highly correlated with soil organic-
' 2 . H 3 K °o), H . se), .
e e e (0, e e (s L oo 7%
' l‘“ both the “relative mobility :_Iambcl'uon ‘°:“P‘ significantly correlated, however. Adsorption cf “diuron
. ) and the use o! Hagerstown soil to dctme.lhn o458t (.695°°) and chlorpropham (.650°) was related 10 total

wivn, appear justified. . elay content: simazine was less closely related (.534). All
e - - three compounds were correlated with CEC. These trends
Simple Coerelation substantially agree with Harris and Sheets (7), who corte-
y lated adsorption and phytotoxicity with properties of 32 o
soils, many identical 1o those used in this study.

To summarize the sinple corretation resufts of Table 3.
for 14 soils, mobility of nonionic compounds was dircctly
velated to water flux and inversely refated to adsorption
of similar compounds, ficld moisture capacity. organic-
matter and ¢lay contents, and CEC. Mobility was generally

ether soil paramcters. Field rapacity itsell was highiy not related to adsorption of a dissimilar compound (pic-

“unely correlated with movement of nonionie pestie lonm).. fioe chy conle{\(: pH, and moisture content of air-

"N As expected, ficld capacity was also highly correlated dry soil. Mobility of acidic :o.mpounds was directly related
- % moce fundamental parameters—organic matter, elay, 73 wale_r flux and pH, and inversely sclated to pwloram
!CEC There parameters were-gencrally negatively coe- adsorption.

<2 wils are ranked according to increasing organic-matter
<azat, For pesticides from 2,4-D to azinphosmethyl there

| -« senerat trend toward reduced mobility with increased
§  :anic matter. Relative order of pesticide mobility is usu-
. the same among soils. The pesticides, which are
{ “hed (with the exception of diphenamid) by decreasing
on Hagerstown, have average R; values for the 14 soils

1 correspond to the order of Table 2, except that diphe-

Corrclation eoefficients of pesticide mobility and soil
etties are prescnted in Table 3. Trifluralin is omitied;

-t was immobile in all soils. Fine clay content was also

- sted because corrclations were nonsignilicant.

Mubilitics of 10 of the 12 pesticides were directly cor- -
wd with water flux. Flux was ncgatively cosrelated

~ 577} wuh ficld capacity but was act as closely related

*od with movement of nonionic peticides. The relationship of mobility and water flux was um-
.. Mot pH was important only fue movemeat of the acidie expected and thercfore prompied the dircet expenimenta-
rounds, though picloram was significantly corselaied tion reported earlier (9). It was concluded from the latice
* at the 106 level That is. the higher the pH, the that there may be some dircet relationship betwesn Bnstor-’
¥ .o the movement of thess compounds, This corrobo- Ry end flux, or penctrability. Because of continued uncer- 103
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tainty, two soils giving extreme values of ﬂux: Christiana
1 and Lakeland sl, were consecutively omitted, 3nd corre-
Jations were rerun on the 13 and 12 remaining soils. Omis-
sion of thie Joam had little effect, but when Lakeland was

. also removed, water flux was then significantly related

(5% level) only to picloram, 2,4-D and chiorpropham
movement. Flux was correlaced {inverscly) with a single
soil parameter, ficld moistuie capacity. '

The principal changes noted in eliminating Christiane
1 were nearly always increased correlation of picloram

mobility with factors such as organic matte?, {ield capacity, -

and adsorption of pesticides. This acidic (pH 4.4) soil
caused unusual retardation of picloram movement, proba-
bly depressing the 14-soil correlation coefficients. Christi-
ana soil appeared 10 contain 2 relatively high iron content.

Hydrated iron oxides 2nd low pi were both shown to

enhance picloram adsorption (4).

The original 14 soils were subdivided. 23 previously
described, _into montmorilionitic and nonmoatmorillonitic
soils. The rationale behind these distinctions n that :nont-
morillonite is an expandible layer silicate clay with high
catic hange capacity, conditions favorable for positive
adsorption of scutral or cationic pesticides and for negative
aJsorption of anionic species. The nonmonatmorillonitie
«0ils contain kaolinite and/or vermiculite clays that geaer-
ally adsord nonionic pesticides less, but anionic species
more than montmorillonite. Simple correlation coeflficients
for each group appear in Table 4.

The number of significant correlations in the montmoril
lunite group is small, probably because the degrees of free-
dom have been greatly reduced.! Soil organic maiter B8
negatively co-rzlated with chlorpropham Ry and is likely
important in movement of diuron, 2.4-D, monuron, and
perhaps picloram and atrazine. hMontmarillonitic clay was

* For significance st the 10% level, » 3 0.805 and 0.582 faz
the groups of five and nine soils, respactively.

— 16.13-

pearly correlated (5% level) with retardation of dJiq.
movement. in contrast to the effect of nonmontmorilor
clays. This trend is expected, since diquat is more stron,
adsorbed to montmerillonite than to kaolinite or verm.
fite (3, 17). Cizy content had the opposite effect on k -
values for acids, especially dicamba: movement tended t
be direztly related fo montmenllonitic clay, suggea”
probable negative adsorption. Dicamiba was not sdsoti
by montmerillonite, vermiculite, and several soils, but ».
adsorbed by kaolinite in one study (2). Soil pH was ¢
related (.951°) only with dicamba movement. Adwrp
tion of picloram, simazine. and chlorpropham was ovi.
tively correlated with their obsened mobilities and thes
of related compounds. The relationship between piclors
adsorption and chiotpropham movement, and vice ‘it
s not understood. .

Soil organie matter, in a group of nine nonmontmorith

* itie soils, was signilicantly correlated with reductivn

monuron and diuron mosement. Alrazine was just [
significance (—.664 vs. the required 666°). The mem-’
ing nonionic pesticides had r values much higher than L
of ionic compounds. Clay was highly negatwely corrsl.
with monuron and divron movement, and less well. »
movement of other nonionic compounds. Although °-
loram i3 mot signilicantly correlated with clay. the U
(=336) & opposite that in the previous soil ¢
(.394) suggesting that the kaclinite/vermiculitc -
group is leas negatively charged, as expected.

Soit pH was correlated with fenae Ry and again &
tated (5% level) with 2.3-D Ry. This continugs the &
eral observation that pH is primarily related to moret-
of scidic compounds.

in contrast to montmorillonitic soils, water flut *
correlated with movement of ncarly all pestiades n
second seil group. From the previous discussion, this ¢
reficet anificially strong influence ol soils 10 and a0
cially as they are now in 2 group of 9 rather than (LR
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\Jsotption of simazine, diuron, and chldrpropham was
{coreelated with reducen rovemsnt of chemieally simi-
- sompounds. Picloram. adsorption was related only to
-.: mebility (10% level) in tnis soil group. ', .
biultiple Linesr Regression
“t.tiple linear Tegression equations were also developed

Ak §) for prediction of mobility and to determine the
we imporiance of the soil parameters, when considered
“ier. Independent variables wére added only so long
«snificance at the 10% level or belter was indicated
2¢ calculated F. The first parameter sdded is slways
* siving the largest 7 value.

" u significant to note that soil pH appears snly amoog -

- mganic acids as an important parameter alfecting pesti-
: mobility. Although pH is absent from picloram’s eque~
* in Table S, the next variable added to the regression

fonwould have been pH. This, however, is strongly
«med by Christisna loam. By omitting this soil this
amg repression equation was obtained for picloram

- 0.99 - 0.0034K 0 g + 0.0035X 5y, (R? == 0.528)

* mhtiple coefficient of determination, R?, imdicaien
1% of the variation in picloram mobility can be pre-
i from data en chiorpropham (CIPC) adsorplion and
CEC. The improvement is marked over the we of
¢ flug (R? = 0.416) for 14 s0ils. Omission of Chrise
"1 wil had much less effect on regression equations for
¢ compounds. Waler flux semained a significant s
, ¥ equations. :
"¢ indupendent variables that appese ln Table 5 are
always devived parameters; Le., they are correlaied
- the (undamental soil componenis, clay and orgasis

MELLING: PESTICIDE MOBILITY IN SOILS: UL INFLUENCE OF SOIL PRNPFRTIES
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matter, end/or with soil pH. Sinc: measurements of chlor-
propham or simazine adsorpxion'rcﬂect interaction with
several soil parameters, and since adsorption appears (0 be
& key factor affecting pesticide movement, it is aot surpris-
ing that these data are useful predictors of mobility. Of
the more common measurements of soil properties, field
pwisture capacity (FMC) is perhaps the most useful
peedictor of mobility.

When the regression equations of Table S are actually
wsed to predict pesticide Ry, the average absolute devia-
tion from the observed mobility was only 0.04. For ail
pesticides except fenac (deviation was 0.07), estimated
Ry deviated from 0.02—0.05, averaged across 14 soils.
If every independent variable in Table 3 is included, the
average deviation is 0.02, indicating the improved accuracy
of this prediction.

The average relative contribution of each variable to the
Ry of a pesticide is expressed by compating their standard-

- ized partial regression coefficients, b’ For dicamba move-

fment in 14 soils, 5 is 0.85 and —0.45 for pli and clay,
respectively; pH is thus ca. twice a3 important as clay con-
tent. With 2,4-D, the order is chlorpropham adsorption
Sp}S simazine adsorption > water flux. These fisst three
terms account for ca. 75% of soil-to-soil -ariability in
2.4.D mobility. For monuron and atrazine, the relative
contributions were FMC > simazinc adsorption > water
flux. With simazine movement, b values were —0.69
(simazine sdsorprion) and 0.42 (water flux).
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Hardies, D.E. and D.Y. Studer. 1982. Soil thin-layer chromatography of PPG-
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submitted by PPG Industries, Inc., Barberton, OH; CDL:070755-J.
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CONCIISTONS 3

Mobility - Ieaching and Adsorption/Deso

This study is unacceptable because the soils were sieved through a 0.3-mm
sieve, which may have removed a significant portion of the sand fraction
and reduced the apparent mobility of atrazine. In addition, this study
would not fulfill EPA Data Requirements for Registering Pesticides
because the test substance was not completely characterized and the
temperature at which the soil TIC plates were developed was not reported.

SUMMARY OF DATA BY REVIEWER:

Using so:.l TIC techniques and Helling's mobility classification system,
unaged [ 4cjatrazine (radiochemical purity not specified, spec1f1c
activity 8.31 mCi/mmole) was determined to be of low mobility in silt
loam (Rg 0.31) and silty clay loam (Rf 0. 29) soils, intermediately mobile
in sandy loam soil (Rg 0.62), and mobile in sandy clay loam soil (Rg
0.77). Mobility was the lowest in silty clay loam soil, which contained
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the most organlc matter and most clay of the four soils; mobility was
‘greatest in the sandy clay loam and sandy loam soils, which had the least
organic matter and most sand of the four soils.

DISCUSSION:

1. The soils were sieved through a 0.3-mm sieve which may have removed a
significant portion of the sand, thereby reducing the apparent mobility
of atrazine on the soil TIC plates. Since a 2-mm sieve is considered the
standard for soil texture analysis and soil TIC studies, the results of
the texture analyses and the mobility studlesmayhavebeenblased
towards fine-textured soils and lower mobility of atrazine, respectively.

2. The test substance was not completely d:aractenzed. Although informa-
tion coxwenung the specific activity of [ C]atraz:.ne was provided, data
concerning radiochemical purity and location of the [ C]label were not
provided.

3. The témperature at which the TIC plates were developed was not specified.

4. The mobility of aged [}4C]atrazine was not addressed.

-17.2=



MATERTALS AND METHODS

=17.3=



MATERTATS AND METHODS:

In a soil TIC study, four unaged soils (asandyloam, a sandy clay loam,
a silty loam, and a silty clay loam; described in Tables I-IV) were air-
dried and sieved through a 0.3-mm sieve. 'I'I.Cplataswerepreparedfm
eadzsollbymahngaslunyof'"mgofson.laxﬂ"Sgofwaterwhlchwas
layered on glass plates (0.5-mm thick) and allowed to dry. The plates
were spotted with ®0.05 uCi ring-labeled [ C]atrazme (radiochemical
purity not specified, spec:.flc activity 8.31 mCi/mmole; Pathfinder
Laboratories) and =0.05 uCi PRG-1292 (dichloroacetyl-1, 2-14¢), a
reference pesticide (radJ.ocham.@l ‘purity not specified, specific ac-
tivity 4.2 mCi/mmole; California Biomuclear). The soil plates were
developed over a 15-cm ascending path mdlstnledmteratanmspec1—
fied temperature, and the radiocactive areas were visualized in a spark
chamber. The leading edges of the radioactive areas were used for R
value calculations. .

-17.4-
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. A draft product label.
The product confidential séatement of formula.
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'nusstudylsmmacceptablebecausethesonsweresmvedthrougho 25—
or 0.5-mm sieves, which may have removed a significant portion of the
sand fraction and reduced the apparent mobility of atrazine. In addi-
tion, this study would not fulfill EPA Data Requirements for Registering
Pesticides because the soils were not campletely characterized and the

temperature at which the soil TIC plates were developed was not reported.
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SUMMARY OF DATA BY REVIEWER:

Ring-labeled unaged (14cjatrazine (purity 86%, specific activity

19.1 uCi/mg) was found to be intermediate in mobility (Rg 0.54-0.56) by
Helling's classification system when averaged over four sieved soils (a
sand, a sandy loam, a silt loam, and a clay) in two studies employing
soil TIC analysis. The soils in both studies were sieved through a 0.25-
or a 0.5-mm sieve. The mobility of atrazine was the highest in the sand
and lowest in the clay soils that had the lowest and highest, respec-
tively, clay and organic matter content. For the individual soils, the
mobility classifications of atrazine were: sand, mcbile to very mobile
(R¢ 0.91 and 0.95); sandy loam, intermediate (Rg 0.42 and 0.43); silt
loam, intermediate (R¢ 0.49 and 0.50); and clay, intermediate (Rg 0.36
and 0.38).

DISCUSSION:

1.

The soils were improperly sieved; the sandy loam and sand were sieved
throuch a 0.5-mm sieve, and the clay and silt loam soils were sieved
through a 0.25-mm sieve. Since a 2-mm sieve is considered the standard
for soil texture analysis and soil TIC studies, the results of the
texture analyses and the mobility studies may have been biased towards
fine-textured soils and lower mobility of atrazine, respectively.

The soils were not donpletely characterized. The CEC values were not
determined, and the sum of sand, silt, and clay did not add up to 100%
for any of the four soils. Thus, it is not possible to assess the
accuracy of the textural classifications.

The temperature at which the TIC plates were developed was not specified.
The mobility of aged [l4C]atrazine was not addressed.

-
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MATERTALS AND METHODS:

In a soil TIC study, four unaged soils (a sand, a sandy loam, and silt
loam, and a clay; deﬁcm_bedmApperﬂlxI) were air-dried and sieved
through one of two sieves. The clay and silt loam soils were sieved
thm:ghao 25-mm sieve, and the sandy loam and sand were sieved through
a 0.5~-mm sieve. The soil was mixed with water to form a paste and
layered on glass TIC plates at 0.5-mm thickness for the clay and silt
loamsollsardat 1-mm thickness for the sand and sandy loam soils.
Ring-labeled [ C]atraz:.ne (purity 86%, specific activity 19.1 uCi/mg;
Petrochemicals DlVlSlon, Cleveland, UK) was spotted on the plates along
with the followmg 4c-labeled reference campounds: paraquat (purity
95%, specific activity 167 uCi/mg or 242 uCi/mg), NC 21314 (purlty 95%,
specific activity 86.4 uCi/mg), 2,4-D (purity 98%, 242 uCi/mg),

amitraz [1,5-di-(2, 4—d1mthy1pheny1) =3-methyl-1, 3,5~ trlazapa'xta-l 4~
diene; purity 97%, specific activity 9.0 uCi/mg). The plates were
developed in 0.01 M CaCl, at an unspecified temperature, dried, and
exposed to x-ray film to locate the labeled pesticides.

-18.4~
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DATA EVALUATION RECORD

STUDY 19

CHEM 080803 ATRAZINE §163-1

FORMULATTION-—RADIOLABELED ACTIVE INGREDIENT

FICHE/MASTER ID 40431329
Blair, J.E. 1986. Determination of the mobility of atrazine in selected

soils soil thin-layer chroma . Conducted by Hazleton lLaboratories
America, Inc., Madison, WI. ILaboratory Study No. 6015-300. Campleted
March 7, 1986. Submitted by Ciba-Geigy Corporation, Greensboro, NC.

REVIEWED BY: Silvia C. Termes , TITIE: Chemist
ORG: EFGWB/EFED/OPP
TEL:  557-2243

SIGNATURE:
QONCITISTONS :

This study may be acceptable/if the actual "room temperature" at which
the plates were developed can be provided. If the requested data is accep-
table, this study can be considered to fulfill data requirements for the
mobility of atrazine in soils (163-1).

‘Reported Results

Sorption coefficients (K) were calculated from frontal Re values for l4c-
labeled atrazine ran against 14c-labelled reference standards of Amiben,
Prometon, 2,4-D, and Ethion. The calculated K values were used to classify the
mobility of atrazine in the four different soils studied:

Plainfieldsand . . . « . . . highly mobile
Mississippi silt loam . . . . mobile

California sandy loam . . . . intermediate mobility
Hagerstown silty clay loam . intermediate mobility

-19.1~-



MATERTATS AND METHODS

Test material: l4c-atrazine, specific activity 30.4 uCi/my and> 99% radio-
purity. 14c-labeled reference standards of Amiben, Prameton,
2,4~D, and Ethion (the structures of these reference compounds
are shown in Figure 1).

Soils: Four different soils were used: Plainfield sand, California
sandy loam, Mississippi silt loam, and Hagerstown silty clay
loam. Characteristics of these soils are shown in Table I.

Experimental procedure: Soils were sieved through a 1.18-mm screen. The
glass plates (20 x 20 cm) were prepared by placing a tape strip
17 cm away from ane edge of the plate. An area of 20 x 17 cm
was uniformly coated with a slurry of soil (one plate for each
soil type), dried, and then channels were cut in the soil as to
make seven strips 17 cm long and 2.5 cm wide.

A solution containing approximately .0.01 to 0.03 uCi of one of
the following: Atrazine, Amiben 2,4-D, Ethion, or Prometon was
spotted at the origin (about 3 cm from the bottom) of each
chamnel. The solvent was evaporated and each plate developed
in water (room temperature) until the front reached about 14 cm
beyord the origin. After the plate dried, radiocactivity in
each strip was located with a linear analyzer. The frontal Re
values were calculated by measuring the distance from the
origin to the leading edge of the radicactivity and dividing by
the distance from the origin to the solvent front. For each
soil, atrazine was determined in triplicate and each standard
once. Based on frontal Re value, a mobility class was
assigned. A sorption coefficient (K) was calculated from the
relative mobility by

K = 1/Re ~ 02/3
D (f~o2/3)

R¢ = relative migration of the campound compared to water
0 = pore fraction of the soil (assumed to be 0.5)
D = specific gravity of the solids in the soil (assumed to be
2.5)

REPORTED RESULTS

Table IT presents the frontal Re values, mobility classes, and calculated
sorption coefficients (K). Atrazine was of high mobility class (5) in Plain-
field sand, intermediate mobility (3) in California sandy loam and Hagerstown
silty clay loam and mcbile (4) in Mississippi silt loam. Atrazine was in the
same or a lower mobility class than any of the reference standards, except
Ethion. :

=19,.2-



REVIFWER'S OCOMMENTS

This study may be acceptable if the actual "roam temperature" at which
the plates were developed can be provided.

=19,3-
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DATA EVAIUATION RECORD

STUDY 20

CHEM 080803 ATRAZINE §163-1

FORMULATTION-——RADIOIABELED ACTIVE INGREDIENT

FICHE/MASTER ID 40431330

Saxena, A.M. 1987. Determination of the mobility of soil—-aged ed Yc-atrazine
residues by soil thin-layer chromatography. Conducted by Hazleton Labora-
tories America, Inc., Madison, WI. Iaboratory Study No. HIA 6015-186.
Completed Octcber 15, 1987. Sul:xnltted by Ciba-Geigy Corporation, Greensboro,

~ NC.
REVIEWED BY: Silvia C. Termes TITIE: Chemist
ORG: EFGWB/EFED/OFP : :
TEL: 557~2243 5/ K/
g
SIGNATURE: v
CONCTIISTONS 3

This study may be acceptable if the registrant can provide the actual
"roam temperature" at which the plates were developed and if it can be clar,lfy
if there were any attempts to characterize the radicactive zone at the origin
of the linear analyzer profiles (this zone was attributed to soil-bound
radioactivity).

If the requested information is acceptable, this study may fulfill data
requirements for the mobility of atrazine in soils (163-1).

The reported data indicate that the most mobile component of soil-aged
atrazine was the unchanged (parent) atrazine.

=20.1=-



MATERTALS AND METHODS

Test material(s):

[U-ring-14c]atrazine, specific activity 22.0 uCi/mg and
99.4% radiopurity.

2 4-d1d110rophernxy(2-14C) acetic acid, specific activity
55 mCi/mmol and 98% radiopurity (reference standard).
Nonradiolabeled analytical standards of atrazine, and the
degradates G-30033, G-28279, and G-28273.

Soil: California loam soil

Physical Characteristics Value
Sand..cceecscscss cssessssense ceessns 51%
Silt.ccccecscescsssscocosccossssssoseldlt
Clay.ceceaceaecs sesesensescne enssocns 12%
Organic matter....cccccevescsccccssccs 1.4%
PHeeounoo Ceerecennesssesensons ceenes 7.6
Cation exchange capacity..cccecees o7
FMC 0.33 barc.co.s. cvesscsscosccns .0+12%

Microbial characteristics Value
Aercbic plate..cccccscccsccace 12,000,000 count/qg
Anaercbic plate..ccceocccccccsscses 460,000 "
AerobiC SPOre.ccesceccssccsssnsascs 8,800 "
AnaercbiC SPOre..cccescecsccsscssscss 170 "
Yeast.oooececoocsvonosssssnsnosenscns 200 "
Mold..... ceovese esscccsss esssnscss 29,000 "

The soil moisture content was determined to be 8.3%. The soil was
sieved through a 2-mm mesh screen.

Fortification solution: A solution of 14c- atrazine was prepared in methanol

(mean activity 54,890 dpmy/ul). The 2,4-D reference
standard contained 4,712 dpm per microliter.

Experimental procedures
a) Soil fortification: Appmx;mtely 21.7 g of sieved soil (20.0 g on

dq basis) were placed in a biometer flask. ‘Ihen, 200 mL of

C-atrazme fortification solution (11.0 x 105 dpm =

225 ug; theoretical concentration of 11.3 ppm of 14Cfatrazuxe
in dry soil). After the methanol evaporated, the soil was
hand-tumbled to homogenize the soil. Water was added to bring
the moisture content to 75% of the FMC at 0.33 bar.

b) Aercbic incubation: A 10% NaOH solution (10 mL) were added to the
side arm of the bicmeter flask. Both the flask and the side
arm were sealed (rubber stoppers) and incubated in the darkness
at 25 + 1 deg. C for 32 days. The NaCOH solution was removed
(and replaced with fresh solution) after 1, 7, 14, 21, 28, ard
32 days. Radioactivity in dupllcate aliquots was determ:med
by ISC; the measured radioactivity in the NaOH trap was indica-
tive of the amount of 00, or volatile products (or both) that

=20.2~
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formed. After326ays,theagedsonwasrawvedfranthe
blm\eterﬂaskarxigmxﬂardhmogenlzedmthamrtararﬂ
pestle. Five aliquots of the aged soil (aboutOlsgeach)
were oxidized to determine the amount of 14cC-activity remaining
in the soil.

Aged soil (4 g) was extracted with acetonitrile: water (9:1).
The acetonitrile was evaporated (rotary evaporator) and the
aqueous phase was then partition with dichloramethane (DQM).
The IMC extract was analyzed by TIC (silica gel; toluene/
acetone, 75:25) to determine the amount of atrazine remaining.
Ancther plate was spotted with the IMC extract plus solutions
of the metabolites (developed in chloroform/MeCH/formic acid/-
water, in the ratio 100:20:4:2).

The extracted soil (dried and hamogenized) was cambusted to
determine residual radiocactivity.

c) Aged-soil TIC: The soil was sieved (1.18 mesh screen). A strip of
tape was placed approximately 17.5 cm from one edge of a plate
(20 x 20-cm). A slurry of soil and water was applied to a
thickness of approximately 1.0 mm and allowed to dry. The
plate was separated into seven channels (by cutting- grooves),
each approximately 2.5 cm wide.

In three of the seven channels, a zone of soil was scraped from
the proposed application site and the scraped zones were
replaced with the aged soil (each aged soil contained approxi-
mately 0.04 uCi). Mofﬂuemammgduannelswerespotted
with a toluene solution of radlolabeled 2,4-D (0.02 uCi each)
and two with an acetone solution of 1 C-atrazme (0.01 uCi
each) . ‘

d) Sample analysis: The solvents were allowed to evaporate. The soil
plate was developed in an unsaturated tank of water (room
temperature) until the water front reached the top of the TIC
plate. The plate was allowed to dry overnight. The leading
edge of radioactivity in each channel was determined with a
linear analyzer to obtain frontal Rf values (calculated by
measurmgtlmdlstamefmmmeorlglntctheleadzmedgeof
the radicactivity and dividing by the distance from the origin
to the solvent front). The linear analyzer profiles were
verified by autoradiography.

e) Calculations: The equation below was used to calculate the sorption
coefficients from the frontal Rg values:

1/Re - ¢ 2/3

2/3
D(A-0 )

~20,3=



Where, K = sorption coefficient
Re=Relative mobility of the compound compared to
water
O=Pore fraction of the soil (assumed to be 0.5)
D=Specific gravity of the solids in soil (2.5)

REFORTED RESUITS AND DISCUSSION

Aercbic incubation of soil (32 days): Iess than 0.1% of the applied
radiocactivity was trapped in the NaOH solution, which indicated that
metabolism of atrazine to volatile products or (0, was negligible. The soil
was considered to be hamogeneous with respect to distribution of radio-
activity.

Aged-soil TIC plates: Linear analyzer profiles for soil-aged 14c-
atrazine showed two zones of radiocactivity. The zone cbserved at the origin
was attributed to soil-bound radiocactivity; the more mobile component cbserved
beyond the origin was attributed to ldc-atrazine. The leading edge of the
mrenbbllecauponerrtwasusedtodetemmme frcn‘talR; (mean value 0.52).
Unaged l4c-atrazine showed a frontal value of 0.53. C-2,4~D showed one
camponent and a mean Re value of 0.76. The frontal Re valuas, mobility class,
and sorption coefficient (K) are summarized in Table I. l4c-atrazine (soil
aged and unaged) were classified as having intermediate mobility and 2,4-D as
mobile.

Extractions: Acetonitrile:water (9:1) extracted a total of 84.4% of the
applied radiocactivity from the soil. Combustion analysis of the extracted
soil indicated that 17.6% of the applied remained unextractable. Extraction
of the aqueous phase with IMC resulted in 82.3% extraction. The TIC analysis
of the IMC extract showed a single peak corresponding to atrazine,. which
indicated that the most mobile of soil-aged atrazine was
atrazine.

REVIEWER'S OCMMENTS
This study may be acceptable if the actual "room temperature" at which
the plates were developed can be provided ard if it can be clarified if there

were any attempts to characterize the radicactive zone at the origin of the
linear analyzer profiles (attributed to soil-bound radicactivity).

=20,4~
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DATA EVAIUATION RECORD

STUDY 21

CHEM 080803 G-28273 (degradate of ATRAZINE) §163-1
2,4-diamino-6-chlorotriazine -

FORMULATTON-—RADIOIABELED MATERIAL

FICHE/MASTER ID 40431333

Blair, J.E. 1986. Determination of the mobility of G-28273 in selected
soils by soil thin-layer chromatography. Conducted by Hazleton ILaboratories
America, Inc., Madison, WI. ILaboratory Study No. 6015-305. Completed
February 27, 1986. Submitted by Ciba-Geigy Corporation, Greensboro, NC.

REVIEWED BY: Silvia C. Termes
ORG: EFGWB/EFED/OPP
TEL: 557-2243

TITLE: Chenist

This study may be acceptable if /the actual "room temperature" at which
the plates were developed can be provided. If the requested data is accep-
table, this study can be considered to fulfill data requirements for the
mobility of atrazine in soils (163-1).

Sorption coefficients (K) were calculated from frontal Re values for 14c-
labeled G~-28273 ran against l4cojabeled reference standards of Amiben, Prome-
ton, 2,4-D, and Ethion. 'Ihemlc.ﬂatedl(wereusedtoclassﬁythennblhty
of G-28273 in the four different soils studied:

Plainfield sard . . . . . . . highly mobile
Mississippi silt loam . . . . intermediate mobility

California sandy loam . . . . mobile
Hagerstown silty clay loam . intermediate mblllty

-21.1~-
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MATERTAIS AND METHODS

Test material: 14c-G-28273, specific activity 14.1 uCi/mg, radio-purity of

Soils:

98%. 1l4c-labeled reference standards of Amiben, Prameton, 2,4-
D, and Ethion (the structures of these reference campourds are
shown in Figure 1).

Four different soils were used: Plainfield sand, California
sandy loam, Mississippi silt loam, and Hagerstown silty clay
loam. Characteristics of these soils are shown in Table I.

Experimental procedure: Soils were sieved through a 1.18-mm screen. The

glass plates (20 x 20 cm) were prepared by placing a tape strip
17 cm away from one edge of the plate. An area of 20 X 17 cm
was uniformly coated with a slurry of soil (one plate for each
soil type), dried, and then channels were cut in the soil as to
make seven strips 17 cm long and 2.5 cm wide.

A solution containing approximately 0.02 to 0.11 uCi of one of
the following: G-28273, Amiben 2,4-D, Ethion, or Prometon was
spotted at the origin (about 3 cm from the bottom) of each
channel. The solvent was evaporated and each plate developed
in water (room temperature) until the front reached about 14 cn
beyord the origin. After the plate dried, radiocactivity in
each strip was determined by autoradiography. Frontal Re
values were calculated by measuring the distance from the
origin to the leading edge of the radioactivity and dividing by
the distance from the origin to the solvent front. For each
soil type, G-28273 was determined in triplicate, but each
standard was determined once. Based on frontal Rf value, a
mobility class was assigned. A sorption coefficient (K) was
determined by

K = 1/Re = 0243
D ({ - 02/3)

Rf = relative migration of the compound relative to water
0 = pore fraction of the soil (assumed to be 0.5)
D = specific gravity of the solids in the soil (assumed
to be 2.5)

REPORTED RESUITS

Table 2 presents the frontal Re values, mobility classes, and. calculated
sorption coefficients (K) for G-28273 and reference pesticides. G-28273 was
classified of the highest mobility class (5) in the Plainfield sand, inter-
mediate mobility (3) in Hagerstown silty clay loam and Mississippi silt loam,
and mobile (4) in the California sandy loam soil.

=21,2=
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REVIEWER'S COMMENTS

This study may be acceptable if the actual "roam temperature" at which
the plates were developed can be provided.
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DATA EVALUATION RECORD

STUDY 22

CHEM 080803 G-28279 (degradate of ATRAZINE) §163-1
2-amino-4-chloro~-6-ethylamino~s-triazine

FORMUTATTON-——RADIOLABELED MATERTAL

FICHE/MASTER ID 40431331
Blair, J.E. 1986. Determination of mobility of G-28279 in selected

soil soil thin-1 chroma . Conducted by Hazleton laboratories
America, Inc., Madison, WI. ILaboratory Study No. 6015-304. Caompleted
February 27, 1986. Submitted by Ciba—G{eigy Corporation, Greensboro, NC.

REVIEWED BY: Silvia C. Termes : TITIE: Chenist
(0:2.¢ EFGWB/EFED/OPP ‘
TEL: 557=-2243

SIGNATURE:
CONCTIISIONS 2

This study may be acceptable if the actual "room temperature" at which
the plates were developed can be provided. If the requested data is accep-
table, this study can be considered to fulfill data requirements for the
mobility of atrazine degradates in soils (163-1).

Sorption coefficients (K) were calculated from Re values for l4c-labeled
G-28279 ran against 14c-labeled reference standards of Amiben, Prometon, 2,4-
D, and Ethion. The calculated K values were used to classify the mobility of
G-28279 in the four different soils studied:

Plainfield sand . . . . . . . highly mobile
Mississippi silt loam . . . . low mobility
California sandy loam . . . . low mobility

Hagerstown silty clay loam intermediate mobility

-22.1~
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MATERTAIS AND METHODS

Test material: 14C-G-28279, specific activity 13.7 uCi/mg and radiopurity of

Soils:

993, l4c-labeled reference standards of Amiben, Prometon, 2,4-
D, and Ethion (thestructurasofthsseccnpomﬂsareshmmm

Figure 1).

Four different soils were used: Plainfield sand, California
loam, Mississippi silt loam, and Hagerstown silty clay loam.
Characteristics of these soils are shown in Table I.

Experimental procedure: So:.lsweres:.evedthroughalls-mscreen The

glass plates (20 x 20 cm) were prepared by placing a tape strip
17 cm away from one edge of the plate. An area of 20 X 17 cm
was uniformly coated with a slurry of soil (one plate for each
soil type), dried, and then channels were cut in the soil as to
na]esevenstr1psl7anlongarﬂ25cmmde.

A solution containing approximately 0.02 to 0.04 uCi of one of
the following: G-28279, Amiben 2,4-D, Ethion, or Prometon was
spotted at the origin (about 3 cm from the bottam) of each
channel. The solvent was evaporated and each plate developed
in water (room temperature) until the front reached about 14 cm
beyond the origin. After the plate dried, radicactivity in
each strip was determined by autoradiography. Frontal Re
valuaswerew.lculatedbyneasuringthedistancefranthe
origin to the leading edge of the radicactivity and dividing by
the distance from the origin to the solvent front. For each
soil type, G-28279 was determined in triplicate, but each
standard was determined once. Based on the frontal Re value, a
mobility class was assigned. A sorption coefficient (K) was
determined, :

K = 1/Re - 02/3
D ({ - 02/3)

Re = relative migration of the compound relative to water
0 = pore fraction of the soil (assumedtobeOS)
D = specific gravity of the solids in the soil (assumed to
be 2.5)

REPORTED RESULTS

Table 2 presents the frontal Re values, mobility classes, and calculated
sorption coefficients (K) for G-28279 and reference pesticides. G-28279 was
of the highest mobility (5) in Plainfield sand, of intermediate mobility (3)
in Hagerstown silty clay loam, and of low mobility (2) in California sandy
loam and Mississippi silt loam.

=22.2=



REVIEWER'S COMMENTS

This study may be acceptable if the actual "room temperature" at which
the plates were developed can be provided.
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DATA EVALUATION RECORD

STUDY 23

CHEM 080803 G~30033 (degradate of ATRAZINE) §163-1
2~-amino-4-chloro-6-isopropylamino-s-triazine

FORMULATTON-—RADIOLABELED MATERTAL

FICHE/MASTER ID 40431334
Blair, J.E. 1986. Determination of the mobility of G-30033 in selected

soils by soil thin-layer chromatography. Conducted by Hazleton Laboratories
America, Inc., Madison, WI. Iaboratory Study No. 6015-306. Completed .
February 27, 1986. Submitted by Ciba-Geigy Corporation, Greensboro, NC.

REVIEWED BY: Silvia C. Termes
ORG: EFGWB/EFED/OFP
H 557-2243

This study may be acceptable 4if the actual "room temperature" at which
theplatesweredevelcpedcanbepm:.ded If the requested data is accep-
table, this study can be considered to fulfill data requirements for the
mobility of atrazine degradates in soils (163-1).

Sorption coeff1c1em:s (K) were calculated from Re values for ldc-1abeled
G~30033 ran against l4co)abeled reference standards of Amiben, Prometon, 2,4-

D, and Ethion. The calculated K were used to cla551fy the mobility of G-30033

in the four different soils studied:

Plainfield samd . . . . . . & highly mobile
Mississippi silt loam . . . . mobile
California sandy loam . . . . mobile

Hagerstown silty clay loam . intermediate mobility
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MATERTATS AND METHODS

Test material: 14c-G-30033, ‘specific activity 21.3 uCi/mg and 99% radiopurity.
14¢c-1abeled reference standards of Amiben, Prometon, 2,4-D, and
Ethion.

Soils: Four different soils were used: Plainfield sand, California
sandy loam, Mississippi silt loam, and Hagerstown clay loam.
Characteristics of these soils are shown in Table I.

Experimental procedure: Soils were sieved through a 1.18-mm screen. The
glass plates (20 x 20 cm) were prepared by placing a tape strip
17 cm away from one edge of the plate. An area of 20 x 17 cn
was uniformly coated with a slurry of soil (one plate for each
soil type), dried, and then channels were cut in the soil as to
make seven strips 17 cm long and 2.5-cm wide.

A solution containing approximately 0.02 to 0.04 uCi of one of
the following: G-30033, Amiben 2,4-D, Ethion, or Prameton was
spotted at the origin (abmrt3anfranthebottcxn) of each
channel. The solvent was evaporated and each plate developed
in water (rocmtenperature) until the front reached about 14 cm
beyord the origin. After the plate dried, radiocactivity in the
plate was located with a linear analyzer. The frontal Re
valuaswerecalmlatedbyneasurmgthedlstamefrcmthe
origin to the leading edge of the radiocactivity and dividing by
thedlstarx:efrcxntheorlgmtothesolventfmrt For each
soil type, G-30033 was determined in triplicate and each
standard once. Based on frontal Re value, a mobility class was
assigned. A sorption coefficient (K) was calculated from the
relative mobility by ‘

K = 1/Re = 02/3
D (f - 02/3)

= relative migration of the compourd relative to water
O-porefmctlonofthesoz.l (assumedtobeOS)
D = specific gravity of the solids in the soil (assumed to
be 2.5)

REPORTED RESUITS

Table ITI presem:s the frontal Re values, mobility classes, and calculated
sorption coefficients (K). G-30033 was highly mobile (mobility class 5) in
sand, mobile in sandy loam and silt loam soils (mcbility class 4), and of
intermediate mobility in clay loam soil (mobility class 3).
REVIEWER'S COMMENTS

This study may be acceptable if the actual "room temperature" at which
the plates were developed can be provided.
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Ptrazine

is not included in this copy.

Page
- Pages~£§ through.zgfzgz are not included.
The material not included contains the following type of

information:

Identity of product inert ingredients.

Identity of product impurities.

Description of the product manufacturing process.

Description of quality control procedures.

. Identity of the source of product ingredients.

R

Sales or other commercial/financial information.

A draft product label.

The product confidential statement of formula.

b//;nformation about a pending registrafion action.
F

IFRA registration data.

The document is a duplicate of page(s) .

The document is not responsive to the request.

The information not incl
by product registrants.

uded is generally considered confidential
If you have any questions, please contact

the individual who prepared the response to your request.




DATA EVAIUATION RECORD

STUDY 24

CHEM 080803 G-34048 (degradate of ATRAZINE) §163-1
2-ethylamino-4-hydroxy-6-isopropylamino-s-triazine

FORMUTATTON——RADIOIABEIFD MATERTAL

FICHE/MASTER ID 40431332

Blair, J.E. 1986. Determination of the mobilitv of G-34048 in selected
soils by soil thin-layer chromatographv. Conducted by Hazleton Laboratories
America, Inc., Madison, WI. ILaboratory Study No. 6015-302. Campleted March
7, 1986. Submitted by Ciba-Geigy Corporation, Greensboro, NC.

REVIEWED BY: Silvia C. Termes / TITIE: Chemist

ORG: EFGWB/EFED/OPP

TEL: 557-2243 /
SIGNATURE: ,7{
CONCTUSTIONS :

This study may be acceptable if the actual "roam temperature" at which -
the plates were developed can be provided. If the requested data is accep-
table, this study can be considered to fulfill data requirements for the
mobility of atrazine degradates in soils (163-1). _

Sorption coefficients (K) were calculated from Re values for l4c-1abeled
G-34048 ran against 14c-labeled reference standards of Amiben, Prameton, 2,4-
D, ard Ethion. The calculated K were used to classify the mobility of G-34048
in the four different soils studied: :

Plainfield sand . . . « « . & low mobility
Mississippi silt loam . . . . immobile
California sandy loam . . . . immobile
Hagerstown silty clay loam . low mobility

-24.1-



MATERTAIS AND METHODS

Test material: 14c-G-34048, specific activity 52.2 uCi/mg and 98% radiocpurity.

Soils:

14c-1abeled reference standards of Amiben, Prameton, 2,4-D, and
Ethion.

Four different soils were used: Plainfield sand, California
loam, Mississippi silt loam, arnd Hagerstown silty clay loam.
Characteristics of these soils are shown in Table I.

Experimental procedure: So:.lsweres:.evedthmr;halla-mscreen The

glass plates (20 x 20 cm) were prepared by placing a tape strip
17 cm away from one edge of the plate. An area of 20 x 17 cm
was uniformly coated with a slurry of soil (one plate for each
soil type), dried, and then chamnels were cut in the soil as to
make seven strips 17 cm long and 2.5-cm wide.

A solution containing approximately 0.02 to 0.04 uCi of one of
the following: G-34048, Amiben 2,4-D, Ethion, or Prometon was
spotted at the origin (about 3-cm from the bottom) of each
channel. The solvent was evaporated and each plate developed
in water (roam temperature) until the front reached about 14-cm
beyond the origin. After the plate dried, radiocactivity in
each strip was located by autoradiography. The frontal Re
values were calculated from each autoradiography by measuring
thedlstanoefrantheongmtotheleadnxgedgeofthemdlo—
activity and dividing by the distance from the origin to the
solvent front. For each soil, G~34048 was determined in
triplicate and each standard once. Based on frontal Re value,
a mobility class was assigned. A sorption coefficient (K) was
calculated from the relative mobility by

Re = relative migration of the compound compared to water

0 = pore fraction of the soil (assumed to be 0.5)

D = specific gravity of the solids in the soil (assumed
to be 2.5)

REPORTED RESULTS

Table II presents the fromtal Re values, mobility classes, and calculated
sorption coefficients (K). G-34048 was of low mobility in sand and in clay
loam soils (mobility class 2), but immobile in sandy loam and silt loam soils
(mobility class 1).

REVIEWER'S OCOMMENTS

This study may be acceptable if the actual "room temperature” at which
the plates were developed can be provided.
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DATA EVAIUATTON RECORD

STUDY 25

CHEM 080803 Atrazine §163-1

FORMULATION—00-~ACTIVE INGREDIENT

FICHE/MASTER ID 00116619

Kimne, L., J. Reynolds, L. Froelich, et al. 1982. Soil mobility of FMC
57020. M-4862. Unpublished study prepared and submitted by FMC Company,
Philadelphia, PA.

DIRECT REVIEW TIME = 10

REVIEWED BY: W. Hurtt TITLE: Staff Scientist
EDITED BY: K. Patten TITIE: Task Leader
APPROVED BY: W. Spangler TITLE: Project Manager

ORG: Dynamac Corporation
Rockville, MD
TEL: ~ 468-2500

APPROVED BY: S. Termes

TITIE: Chemist gy
"ORG:  EFGWB/EFED/OPP /
TEL: 557-2243 £
SIGNATURE:
CONCIUSIONS:

Mobility - Ieaching and Adsorption/Desorption

This study is unacceptable because the soils were sieved through a 0.25-
or 0.5-mM sieve which may have removed a significant portion of the sand
fraction and reduced the apparent mobility of atrazine. In addition,
this study would not fulfill EPA Data Regquirements for Registering Pesti-
cides because the temperature information was not provided for the column
leaching or soil TIC studies.

SUMMARY OF DATA BY REVIEWER:

Based on soil TIC iments, ring-labeled unaged [1}4C)atrazine (radio-
chemical purity 94.7%) was found to be intermediate in mobility in sandy,
silt, and clay loam soils (R¢ 0.35-0.47) and mobile in a "fine" sand soil
(Rg 0.73) by Helling's classification system. All soils were sieved
through a 0.25~ or 0.5-mm sieve prior to TIC analyses. The mobility of
atrazine was the highest in the "fine" sand which had the lowest organic

"'25 ® 1'-

3>



matter content (1.3%) and clay content (3.6%), and mobility was lowest in
the sandy loam (Rg 0.35) vmldmhadthehlghstorganlcmatterconwm
(3.2%) but only a moderate level of clay (10.8%).

Based on colum leaching experiments, ring-labeled unaged [14C]atrazine
(radiochemical purity 94.7%) was found to be very mobile in soil columns

of "fine" sand. Approximately 65% of the recovered radiocactivity was
found in the leachate and %35% was found to be relatively uniformly
distriluted throughout the 30-cm colum length.

DISCUSSION:
General

1.

Columm

1.

The soils were not sieved with the standard 2-mm sieve. The "fine" sand
and sandy loam soils were sieved through a 0.5-mm sieve and the silt and
clay loam soils were sieved through a 0.25-mm sieve such that a signifi-
cant portion of the sand fraction (0 05-2.00 mm) may have been removed
with a resulting possible decrease in apparent mobility of atrazine.

None of the four soils had an organic matter content <1%. Since the
“fine" sand and sandy loam soils were marginally high to high in organic
matter content for coarse textured soils (1.3 and 3.2%, respectively),
the apparent mobility of atrazine may have been reprasented as too low.

Thetenperatmreat@dmtheﬂﬂardcolmmleamngsmdl%werecon-
ducted was not reported.

One of the four soils was designated as a "fine" sand which is not a
recognized soil classification name on the USDA textural classification
triangle.

The mobility of aged [14C]atrazine was not addressed.

Iea

It could not be determined whether the material balance was complete
because it was not stated whether recovered radioactivity was percent of
that applied or percent of that recovered.

Colum leaching studies were only conducted with the "fine" sand soil.

~25.2=
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MATERTAIS AND METHODS:
Soil TIC

In a soil TIC study, fmrmagedsoﬂswerea:r—dnedfor%hmrsarﬂ
sieved. The "fine" sardarﬂsardyloamsoﬂswemmevedthm.ghaos-
mn sieve, and the silt and clay loam soils were sieved through a 0.25-mm
sieve. The soils were mixed with water to form a slurry and layered on
glass'I'LCplat&satathldmssonmforﬂaesardardsardyloamsoﬁs
and 0.25 mm for the silt and clay loam soils. owmg

overnight, the plates were spotted with rmg-labeled ( C]atraz:.ne
(radiochemical punty 94.7%, specific activity 8.31 mCi/mmol; Pathfinder
Iabs) and three 14c-labeled reference pesticides (FMC-57020, paraquat,
and 2,4-D) and developed at an unspecified temperature to a distance of
10 cm in distilled water. 'meplatasweredrledardexposedtox-my
film for 3-7 days to locate the labeled pesticides.

Column Iea

In a colum leaching study, unaged "fine" sand (prepared for experimental
use as described for soil TIC) was packed to depth of 30 cm in 25-mm
glass colums which were then saturated with water. A glass wool plug
wasplacedontopofﬂxesou ani~6gofso:.ltreatedw1ﬂ110 uCi of
ring-labeled [ C]atrazm or one of the three reference pesticides
(properties as previously described for soil TIC) was added to each
column. The colums were eluted with 250 mL of water (eguivalent to

50.8 cm times area) and the eluate was collected in 5-mL fractions.
After elution, the colums were cut into 6-cm segments and air-dried.
Portions of each soil segment were cambusted for total radioactivity and
those segments having radioactivity 210% of that applied to the column
were solvent-extracted, concentrated, and subjected to HPIC analysis with
ISC. Radioactivity in the eluate fractions was determined by ISC.

~25.4~
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fPages~Ei\E‘ through E?:ZZL@re not included.

The material not included contains the following type of
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Identity of product inert ingredients.
Identity of product impurities.
Description of the product manufacturing process.
Description of quality control procedures.

. Identity of the source of product ingredients.
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A draft product label.
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The information not included is generally considered confidential
by product registrants. If you have any questions, please contact
the individual who prepared the response to your request.




DATA EVAIUATION RECORD

STUDY 26

CHEM 080803 Atrazine §163-1

FORMULATTION-—00-~ACTIVE INGREDIENT

FICHE/MASTER ID 00160292

Davidson, J., P. Rao, L. Ou, et al. 1980. Adsorption, movement, and biologi-
cal tion of 1 tions of sel icides in soils. EPA-

600/2-80-124. Prepared by Soils Science Dept., Univ. of FL in conjunction
with the Municipal Envirormental Research Iab., U.S. Envirormental Protection
Agency, Cincinnati, OH.

DIRECT REVIEW TIME = 8

REVIEWED BY: W. Hurtt TITIE: sStaff Scientist
EDITED BY: K. Patten . ‘ TITIE: Task Leader

- APPROVED BY: W. Spangler ' TITLE: Project Manager

ORG: Dynamac Corporation
Rockville, MD
TEL:  468-2500

APPROVED BY: S. Termes

TITLE: Chenist
ORG: EFGWB/EFED/OPP
TEL: 557=-2243
SIGNATURE:
CONCTUSIONS :
Mobility - Ieaching and Adsorptior ion

This study is unacceptable because insufficient experimental details were
provided to assess the adequacy of the results in fulfilling EPA Data
Requirements for Reglste.rmg Pesticides based upon mobility (batch
equilibrium). It is primarily a sumary of a large rumber of experiments
cancerned with the behavior of high concentrations of pesticides in soil
arnd, as such, does not provide specific details relevant to the batch
equilibrium experments Although methodology for a column leaching
study was included, identifiable results of the experiments were not
provided.

-26.1~



SUMMARY OF DATA BY REVIEWER:

Based on batch equlllbrlum experiments, ring-labeled [14C]atrazme was
mobile to very mobile in silty clay loam, sandy loam, sandy clay loam,
and "fine" sand soils when equilibrated for 48 hours at 23°C at five
concentrations between 10 and 1000 M. The equilibrations were conducted
in soil:solution ratios of 5 or 10 g so0il:10 mL solution. Freundlich
Kads Values were 9.12 (mobile) for the silty clay loam and were 0.69-
0.85 (very mobile) for the remaining three coarser textured soils.

values ranged from 99 (sandy loam) to 156 (silty clay loam). Adsorption
values (Kygs and Koo) were the highest for the silty clay loam soil
having the highest clay and organic carbon content.

DISCUSSTON:

1.

The original document was concerned primarily with the behavior of high
concentrations of five pesticides in soil as affected by a number of
variables; therefore, insufficient specific details concerning the batch
equilibrium experiment were provided to assess the applicability of the
study for fulfilling data requirements based upon soil mobility (batch

equilibrium) .
The mobility of aged (14cjatrazine was not addressed.

' Desorption of atrazine was not determined for any of the soils.

The test substance was not characterized.
The sum of sand, silt, and clay for the "sandy clay loam" was only 90%;
therefore, the textural classification could not be confirmed. Also, one

of the four so:Llswasdﬂs:Lgnatedasa "fine" sand which is not a recog-
nized soil classification name in the USDA Soil Textural Classn.flcatlon

System.

The studies were not conducted in a 0.01 N calcium ion solution.

The soil was not combusted at the end of the experiment to confirm that
the material lostfrcmsolut10nwasadsorbedtotheso11andtopmv1dea
camplete material balance.

The pH of the test solution was not reported.

Methodology was provided for column leaching studies in the original
document, but identifiable results of the experiments were not provided.

-26.2=
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MATERTALS AND METHODS:

In a batch equilibrium study, four soils (a "fine" sand, a sandy loam, a
sandy clay loam, and a silty clay loam) were air-dried and sieved through
a 2-mm screen. Duplicate soil samples were shaken with ring-labeled
[14clatrazine (test substance not further characterized) for 48 hours at
23 + 1°C. 'The soil:solution ratio was 5 or 10 g soil:10 mL solution.
Five unspecified concentrations of atrazine between 10 and 1000 pM were
used in these experiments. After centrifuging at 800x g for 10 mirnutes,
the [14c]-activity in the supernatant was determined by ISC.

=26.4-
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SECTION 4
MATERIALS AND METHODS :

SOILS

Soils used in this study were selected on the basis of their geographic ]
. " and taxonomic representation of major soil orders in the United States.
State Conservationists for the Soil Conservation Service in selected regions

were asked to identify the major soil series in the'r area for a selected |
. soil order and to ship 735 kg (air-dry) of the Ap horizon of that soil. A -
soil profiie description, sample site location, previous crop and managenent
history, ane climatic conditions at the site were provided with each soil
series selected and studied. Soils selected were: Webster silty clay loam
(Typic Haplaquolls) from lows, Cecil sandy loam (Typic Hapludults) from
Geergia, Glendale sandy clay loam (Typic Torrifluvents) from New Mexico,
Fustis fine ssnd (Typic Quartzipsaments) , and Terra Ceiz muck (Typic
Mediasaprista) from Florida. -

L evammes .

The soils were air-dried and sieved to pass a 2-mm screen prior to
being stored. Selected physical and chemical properties of the minersl
soils are given in Table 1, Terra Ceia muck is characterized by 81% orgmnic
patter, 19% total mineral comtent, CEC of 350 meq/10Cg and pH of 6.4,

" PESTICIDES

i whin @ 2t SO0

The pesticides used in this study were selccted based upon their
-present and anticipated usage as well as their different chemical properties. 1
The production and use of herbicides has increased significantly in the '
past few years and at the presert time herbicides represent the largest
group of pesticides on the market. Because of this market shift in pesticide
production, the herbicides were identified as a group of chemicals requiring
major attention. The following description of each pesticide used in the
study illustrates the diversity. in chemical properties and toxicity of the 1
selected compounds. It was believed that this range in chenical properties
(Tabel 2) provided the necessary information needed to evaluate the probleas i
associated with introducing large pesticide concentrations into the soil
environrent.

1) Atrazine jcide) : (2-dxloro~4-ethylmim-6~isopmpylmina-s-
triszine). % solubility in water (Table 2), but hignly soiudle in
chloroforn, methanol, and ether. Losses due tu chemical and microbial
degradation are significant. Leaching from soils may be linmited due
to adsorption on certain svil constituents. Acute oral LDgy to vats

3080 mg/kg.
6 .
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2) Methyl Purathion (Insecticide): (0-0-dimethyl-0-p-nitrophenyl phod=*

tothicate). lechnical gr is & liquid. Low solubility in water
(Table 2), but soluble in most organic solvents. Highly toxic and
degrades readilv in a soil environment producing some metabolites that
sre equally toxic. Acute oral LDsg to rats is 9-25 mg/kg.

3 Terbacil Qk-rbicidez: (3-tert-butyl-5-chloro-6-methyl uracil).
soluble in water (1able 2) and soluble in most organic solvents.
mobile in soils due to relatively low adsorption. Acute oral LDgo for
Trats between 5,000-7,C00 ag/kg.

4) 1rifluralin (Herbicide): (a,0,a-trifluoro-2,6-dinitro-N, N-dipropyl-

. y-toluidine}. Almos® insoluble in water (Table 2) but very soluble:
in most organic solvents, Volatile unless incorporated into the soil
immediately following application. Microbial and photo-degradation
plsy a significant role in dissipation from s0il. Adsorption
on organic matter and clay colloids retards leaching from soils.

Acute orsl LDgy for rats greater than 10,000 mg/kg.

$) 2,4-D (Herbicidel: (2,4-dichlorophenoxyacetic acid). Somewhat soluble
5':' water (120le 2), and very soluble (30-60%) in acetone and alcohols.
Undergoee microbial degradation in soils, but- losses due to photodecon-
position are minimal. Because of low adsorptiom in soils, it is
readily leached. Acute oral 1Dsq for formulations are in the tange of
300-1000 mg/kg rats, guinea pigs, and rabbits.

Formulated and technical grade materials fortified with !"C materials
were used to study mobility, adsorption-desorption, microbial degradation
and accumulation of metabolites in soils at various pesticide concentratioms.
Stock solutions of each pesticide were prepared in 6.0LN CaCl, using the
comaercial stock solution made up to the aqueous solubility limit of
the pesticide. Solutions of lower concentrations were prepared by succes-
sive dilutions of the original stock solution. A mixture of antibiotics
consisting of Penicillin G at 1 ug/ml and Polymixin B sulfate at S ug/ml
(Sigma Chemical Co., St. Louis, M0) was added to all pesticide solutions to
prevent microbial degradation during storage and use, : .

The commercial formulation of 2,4-D was Ded-Weed 40 {Thomson-Hayward
Chemical Co., Kansas City, MD), a dimethylamine salt of 2,4-D (41% =zcid
equivalent). The stock solution of cammercially formulated atrazine was
prepared using AATREX 80W (80% wettable powder; Ciba-Geigy Corp., Greens-
boro, MC). A concentrated xylene solution of methyl parathion (80% solu-
tion: Monsanto Co., Agricultural Division, St. louis, M) was diluted in
0.01N CaCl,- to give the desired stock concentration. The commercial form
of trifluralin was Treflan (Elanco Products Co., a division of Eli Lilly
and Co.,- Indianapolis, IN; 44.5% trifluralin and 55.4% incrt ingredients).
The technical grade to:;= of each pesticide was at least 97% pure. All
guticide solutions were spiked with the appropriate uniformly ving-labeled

o (excent for trifluralin) to give specific activities in the
range of 2-5 nCi/ml. Trifluralin was 1sC.1abeled at the -CF3 position.

ADSORPTION ISOTHERS

Equilibrium adsorption isotherms for all soil-pesticide combinations
were measured using the batch procedure. Equilibrium was achicved by
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9 shaking duplic-te sumles of § or 10 g of soi? with 10 ml of pesticide
solution in Pyrex serew-cap glass test tubes for 48 hrs. Preliminary

esperiments had indicated that there was no measursble increase in pesti-
cide adsorption beywd this time. Following equilibratiom, .the test tubes

~ were centrifuged st 830 g for 10 minutes and the 1“C-activity in 1-nl

i aliquots »f the clear supernatant solution was assayed by liquid scintilla-
tion counting. Decreases in pesticide solution concentration were attri-
puted to adsorption by the soil. All adsorption experiments were performed
at @& constant tusperture (23 ¢ 1 Q). :

PESTICIDE DISPLACEMENT THROUGH SOILS

Pesticide movement through water-saturated colums of Webster, Cecil,
and Eustis soils was studied nsing the miscible displacement technique
described by Davidson et al.(1968). Air-dry soil was packed in small
increments into gless cylinders {15 cm long; 45 am? cross-sectional area).
Medium porosity fritted glass plates served to retain the soil in the
coluzn. The soil was initially saturated with 0.01 N CaCl, solution. A
fmown volume of pesticide solution at a desired concentration was intro-
duced into the soil at & constant flux using a constant-volune peristaitic
: pop. After a specific volune of pesticide solution had been applied, the
i pesticide solution was subsequently displaced through the soil colum with
: 0.01 N CaCl, at the same flux. EfSluent solutions were collected in 5 or

10 ml aliquots using an automatic fraction collector. A pulse of 24,0
(specific activity = 5 nCi/ml) was also displaced through each soil colum
to characterize the transport of non-adsorbed solutes. The activity of 1“C
: and 3H in effluent fractions was assayed by liquid scintillation. The
@. conting efficiencies exceeded 90% for i“C and 50% for 3H in all cases.

o o b . & i 0 oS

The colum experinents consisted of displacing 2,4-D anmine solutions

at two concentrations (S0 and 5,000 pg/ml) through colums of Cecil, custis
and Webster soils, and 5 and S0 ug/ml solutions of atrazine through a
Fustis soil. All displacements wers performed at a Darcy flux of arproxi-
mately 0.22 avhr to ensure near-equilibriun conditions for pesticide
adsorptien during flow. The total volume of water held in the soil colum
was gravimetrically determined at the end of each displacerent by extruding

: the soil from the glass cylinders and oven-drying. The mumber of pore

i . volumes (V/Vo) of sol.tion d splaced through the colum was calculated by

' dividing the cumulative outflow volume (V) by total water volure (V) in
the soil colum. Efflucnt pesticide concentrations are expressed a$ rela-
tive concentrations {C/C ), vhere C and C_ are, respectively, effluent and
input concentrations. plots of C/C_versds V/V  are referred 20 335 break-
through curves (or BIC). ° °

1 -

, Alr-dry soil was packed into 3.2-ca digmeter lucite cylinders composed
; of 1-cm sections supported by a V-shaped container that permitted observa-
, tion of the wetting front position with time. Technical or analytical
; grade pesticide was dissolved in benzene and was spiked with 1. 1abeled
H compound. The benzenc solution was mixed with air-dry soil (to give 200

: or 2,000 vg pf pesticide/g of soil and 10 nCi/g soil) and the benzene
evaporated. In order to simulate a waste disposal site, the pesticide-
spiked soil was packed into the top 1.5 cn of the soil colum. Infiltra-

o 10 . -
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SECTION 2
CONCLUSIONS

Y PR R L T

1. Equilibrium adsorption isothemms for pesticides und soils consider-
ed in this study were nonlinear. The Freundlich equation described the
full range of pesticide solution concentrations (zero to aqueous solubility .
1imit) studied, The adsorption “sites” for the pesticide were apparently }
nover saturated in any soil-pesticide systewm investigated. :

T

2. Desticide wobility was inversely related to the pesticide concen- ' P
tration in the soil solution phase when the adsorption isotherm was non-
linear (N < 1.0). 2,4-D at 5,000 vg/ml was nearly s mobile as the chloride

jon. The dependence of the mobility on pesticide solution concentration
could be predicted and described by the equilibriua adsorption isothera.

3. 1%, evolution rate from a !*C-ring labeled pesticide was a good
indicator of pesticide degradation rate in soils containing large pesticide
concentrations. Total CO; evolution, however, did not always represent the 4

@ actual degradation of s pesticide. For this reason, the biological activity
of soils containing low pesticide coocentrations may, in many cases, be
unrelated to the tehavior and degradation of pesticides at large concentra-
tions in the sobl.

4. Moderately persistent pesticides such as atrazine and trifluralin,
slowly forming a number of metabolites when present in soils at
high and low concentrations. These pesticides and metabolite products have
the potential to become "Mound” to the soil matrix. Bound residue was de-
fined in this study to be the 1“C-labeled material remaining in the soil

after recomended extraction procedures had been enployed. :

§. The less persistent pesticides such as 2,4-D and methyl parathion

may or ray not deprade when applied to a soil at high concentrations.

Factors that detcrmine the degradation rate were pesticide concentration, '

chemical formlation, nutrients in the suil, soil type, soil pH, temperatss, |

. soil-water content, $0il organic matter contert, texture, and the presence

- of a microbial population capable of cegrading the pesticide. If the

pesticids was degraded, the time required for degradation to begin was’

longer for large concentrations (»50 ppm) than for low concentrations.

lag period was directly reluted to pesticide concentratioa.

SR B o .‘?-4-‘-&-

6. Pesticide mobility and degradation were described using adsorption
and biological cegradation paramcters measured during this study. Con-
.ceptual or process based mathcmatical models were used to describe pesticide

Qe et e
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sobility. The models were well suited for estimating the concentration
d.istributiun and mobility of pesticides associated with waste disposal
$ teS. 1 ’

' aomd residues were formed at all concentrations studiced (10 to
20,000 ppm). The percent of binding was higher for low concentrations;

, the maount bound (atrazine or trifluralin) increased as the pesti- - 1

cide concentration increased. The toxicity and chenical nature of the
"sound residues” were not studied in detail.

8. At low pesticide concentrations (<50 pym), micredial activity

(indicated by total 00, cvolution, and bacterial, fimgal and actinamycete

lation) was generally not affected. Microbial activity may be

or inhibitcd when a large smmount of pesticide is applied to 3 soil. khen . :

jon ovcured at large concentrations, microbial activity was

Moreover, formulation chemicals may stimulate microbial activity by serving

as energy Or nutrient sources. 1€ pesticide degradation does not ocCur,
aicrobial sctivity mey be either e hanced or inhibited.

9. Bssed on the results of this study, groudwater contzxination may
be a significant protlem when highly soluble pesticides sre placed in waste
disposal sites subject to considersble leaching. The potential for ground-
water contmmination, on the other hand, is not as great for pesticides with

1low solubilities.
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TARLE S, FREUNDLICH CONSTANTS CALCULATED FRON EQUILIBRIUM FSORPTION i
ISOTHERS ROR VARIQUS SOIL-PESTICIDE COMBINATIONS

o e - Dn G W 8 e 08 -.d-‘
. .

~ate bmn e o wmers

PESTICIDE SOIL :"’ :c; N xocf
. Atrazine Yebster $.12 6.03 0.73 135.8
Cecil 0.84 0.89 1.04 98.9
Glendale 0.69 0.62 0.93 124.0
Bustis 0.85 ~ 0.62 - 3.79 110.7 ‘
. Average : £ CV® 2.87 ¢ 145 2.04 & 131 0.87 ¢ 16 122.3 ¢ 20
Parsthion Vebster 18.67 13.39 8.7% 346.0
Cecil 4.81 3.95 0.85 438,
Glendsie 6.05 - 3.57 0.61 714.5.
Bustis 3.30 2.72 0.8 486.4
Average + Y OV 8.21:86 591285 0.77:15 496.4 ¢ 32
le mtel' zo ” ’20“ 0. ” 63. 6
: Cecil 0.3 .38 0.99 Q.2
Glendale 0.42 t 0.38 0.93 76.0
Bustis 0.15 0.12 0.88 21.4
Averige : $CV  0.98+135 0.832130 0.92:6 50.8:47
Trifluralin Webster 2.49 2.93 1.15 75.7
Cecil 0.43 0.46 1.95 $0.7 ]
Glendale 1.31 1.60 1.18 177.8 i
Bustis 0.23 0.2 1.06 43.2 3
Average s 8OV 1,11:92 131264 1L11:6 86.8:72 !
§
2,4-D Anine Webster 7.27 4.62 0.70 119.4 i
Cecil 0.84 0.65 0.83 72.2
mme so aw - Yy
Eustis 1.14 0.76 0.73 135.7

Aversge ¢ 1 CV  3.08 ¢ 118 2.01 £ 112 0.7+ 9 109.1 ¢ 30

'!" Freundlich constant when solution and adsorbed phase concentrat:ons are
t expressed as wM/1 and W/kg of soil. '
¥; Frewndlich constant for solution ad alsorbed phase concnetrations are

:: d:%”:n mgz‘:g g;:il % * mc-un.afm)‘ .], when MY is the pesti-
ixm Freundlich constant for solution and adsdrbed phase expressed as wg/ml
and ug/g of organic carbon. o4 .
&V igothe coefficient of variation, $ CV = (standard deviation/average x
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Figure 4. Adsorption jsotherms for atrazine and Webster, Cecil, Glendale
and Eustis soils. Freundlich constants (K and N) for each iso-
therm, de'ermined by least-squares fit to the data, are also
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CONCIIISTONS :
Mobility - Ieaching and Adsorption/Desorption’

The batch equilibrium portion of this study is unacceptable because it
could not be determined if the l4-hour equilibration period was long
enough to establish equilibrium between the soil and water phases and
the soil:solution slurries were stored in a refrigerator for 24 hours
prior to analysis of the supernatant for total radiocactivity. The column
leaching portion of this study is unacceptable because material balances
were not provided. In addition, this study does not fulfill EPA Data
Requirements for Registering Pesticides because: Batch equilibrium -
distribution coefficients (Kd) were calculated instead of Freundlich K
values, the CECs of the soils were not reported, the egquilibration
temperature was not specified, the test substance was not completely

~27.1~-
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characterized, the soils were not analyzed after equilibration to confirm
adsorption and to provide a material balance, desorption of atrazine was
not studied, anithestudywasmtcorxiuctedusmgaOMNcalcnmmn
solution; and Colum leaching - the soil colums were only 8 inches in
length instead of 12 inches, the soil columns were leached with only 10
nx:hasofmtermsteadofzo inches, the CECs of the soils were not
reported, and the purity and specific activity of the test substance were
not specified.

SUMMARY OF DATA BY REVIEWER:

Based on batch equilibrium experiments, [14C]atrazine (500 dpm/mL, not
further c'haracterlzed), at 1, 2, 5, and 10 ppm, was very mobile in
gravelly sand soil (Kg values of 0-1.00) and was mobile to very mobile in
sandy loam and silty clay loam soils (Kg values of 1.40-8.70 and 2.00-

11.60, respectively).

Based on column leaching experiments, [14C)jatrazine (90,000 dpm, not
further characterized) was very mobile in gravelly sand, mobile in sandy
loam soil, and slightly mobile in silty clay loam soil columns (8-inches)
leached with 10 inches of water; 95.1%, 18.3% and 1.5% of the applied
radiocactivity, respectively, was present in the leachates.

DISCUSSION:
Batch equilibrium

1. Tt could not be determined if the 14-hour eguilibration period was. long
enouch to establish equilibrium between the soil and water phases.

2. After equilibration and centrifugation, the soil:solution slurries were
stored in a refrigerator for 24 hours prior to analysis of the super-
"natant for total radicactivity. During the storage period, the distribu-
tion of atrazine between the soil and solution phases may have changed
as a result of exposure to lower temperatures.

3. Distribution coefficients (K3) were calculated instead of Freurdlich K
values.

4. The CECs of the soils were not reported.
5. The equilibration temperature was not specified.

6. The test substance was not completely characterized. It was stated that
the solution was 500 dpm/mL, indicating that the test substance was
radiolabeled; in the general methods sectlon, the study author stated
that ring-labeled [ C]atrazme was used in "many of the studies" in the
original report. The purity and specific activity of the test substance
were not reported. In addition, it was not reported whether or not
nonradiolabeled atrazine was also used.

=27 . 2=
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Colimm

1.

2.

The soils were not analyzed after equilibration to confirm adsorption and
to provide a material balance.

Desorption of atrazine was not studied.

The study was not conducted using a 0.01 N calcium ion solution.

lea

Material balances were not provided. Radicactivity in the soil columns
vclzi&u:amedmﬂymtensofpexwtoftherecwemdfmthesou

'IhesoﬂooltmnswereonlyB:ndmmlengﬂumsteadolemches

'Ihesoucoltmmswerelead:edmthonlyloJ.rdmofwatermsteadofzo
inches.

The CECs of the soils were not reported.

The purity and specific act1v1ty of the test substance were not speci-
fied.

Other

Fourexperimentsintheoriginaldoam\entsweremtreviewed. One
expe.rmerrtwasastudyofdegradatmn of atrazine in groundwater samples;
this experiment is unacceptable as a hydrolysis study because the solu-
tions were not sterile and it was not stated whether or not the solutions
were incubated in the dark. A second experiment was not reviewed because
it contains biocassay data only. A third experiment was a study of the
movement of atrazine injected below the soil surface of a field plot and
1smtpertmenttoe1w1mrmerrtalfatedatareqm.renents A fourth
experment was a study of the effectiveness of charcoal and exchange
resins in removing herbicide residues from aquecus solutions and is also
not pertinent to envirormental fate data requirements.

-27.3-
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MATERTAIS AND METHODS:
Batch equilibrium

Sieved (2-mm) silty clay loam, sandy loam, and gravelly sand soils
(Table 1) were treated with aqueous solutions containing [14cjatrazine
(500 dpm/mL, not further characterized) at 1, 2, 5, and 10 ppm (soil:-
solution ratio 1:10). The soil:solution slurries were shaken for 14
hours (equilibration temperature not reported). The soil:solution
slurries were centrifuged, then refrigerated for 24 hours. The superna-
tants were analyzed for total radicactivity by ISC.

Colum leaching

}cjatrazine (90,000 dpm, not further characterized) was added at 1 ppm
to the top half-inch of colums (60-mm diameter, 8-inch length) of silty
clay loam, sandy loam, and gravelly sand soils (Table 1). The soil
columns were leached with 10 inches of distilled water at a rate of 0.5
cm/hour for a total of 50 hours. The leachate fractions were collected
at 90 mimite intervals. After leaching, the soil columns were divided
into 0.5-inch segments. :

The leachate fractions were analyzed for total radiocactivity by ISC. The
soil segments were analyzed by LSC following cambustion.

=27 . 5=
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