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CONCLUSIONS:

Degradation - Hydrolysis

1. This portion of the study is scientifically valid.

2. [14¢c]G1yphosate (94% glyphosate, 5.9% aminomethylphosphonic acid) and <:\_”
aminomethylphosphonic acid were stable in sterile buffered water at pH 33
6, and 9 during 35 days of incubation in the dark at 5 and 35 C. Slight
degradation of [ 4C]g]yphosate was observed in two of three sterile,
natural waters treated with [14C]glyphosate (94% g]yphosate, 5.9% amino-
methylphosphonic acid), at 0.1 ppm, and incubated in the dark at 30 C for
35 or 49 days. Aminomethylphosphonic acid was detected at maximum concen-
trations of 25.3 and 17.2 % of the applied 35 days posttreatment in the
Cattail Swamp (pH 6.2) and Ballard Pond (pH 7.3) waters, respectively.
No degradation was observed in Sphagnum Bog water (pH 4.2).

3. This portion of the study fulfills EPA Data Requirements for Registering
Pesticides by providing information on the hydrolysis of glyphosate and
the glyphosate degradate aminomethylphosphonic acid in sterile, buffered
water at pH 3, 6, and 9 at 5 and 35 C. _
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STUDY 8

Metabolism - Aerobic Aquatic:

1.
2.

This portion .of the study is scientifically valid.

[14c]G1yphosate (94% glyphosate, 5.9% aminomethylphosphonic acid)

degraded in three natural waters at pH 4.2, 6.2, and 7.3, with 39-49% of
the applied remaining at 49 days, 51-61% at 63 days, and 58-69% at 35 days,
respectively. Respective aminomethylphosphonic acid concentrations in-
creased steadily at each sampling interval, -reaching maximum concentra-
tions in the Sphagnum Bog, Cattail Swamp, and Ba]]ard Pond waters of

26.2, 30.2, and 23.1% of the applied radioactivity. Tﬁ1mum of 29,

14, 6, and 11 4% of the applied radioactivity evolved as in- the pH
4.2 (day 63), pH 6.2 (day 63), and pH 7.3 (day 35) waters, respect1ve1y.
Addition of sediment to the system increased the dissipation of glyphosate
and aminometh¥lphosphonic acid from water via adsorption to sediment.
Evolution of “7C0, was not affected. A1l samples were maintained at 30 C
in the dark. o

This portion of the study does not fulfill EPA Data Requirements for
Registering Pesticides because the test waters were not mixed with
sediment or soil (Experiment 1), complete water characteristics were not
provided, and data on the characterization of radioactivity were not
provided for all sampling intervals. . :

Mobility - Adsorption/Desofption

1'
2.

This portion of the study is scientifically valid.

[14c]G1yphosate (94% glyphosate, 5.9% aminomethylphosphonic acid) was <— .
adsorbed to Drummer silty clay loam, Ray silt, Spinks sandy loam, Lintonia
sandy loam, and Cattail Swamp sediment with Freundlich K values of 62, A
90, 70, 22, and 175, respectively. The maximum percentages of applied fébﬁi :
glyphosate desorbed were 5.3, 3.7, 3.6, 11.5, and 0.9%, respectively. éﬁﬁif'

.This study partially fu]f1115 EPA Data Requ1rements for Registering

Pesticides by providing information on the adsorption/desorption of gly-
phosate in silty clay loam, silt, and two sandy loam soils. Data per- v
taining to the Cattail Swamp sediment do not contribute to data requ1re-.
ments because the characteristics were incompletely provided.

Mobility - Column Leaching

1.

2 - -

This portion of the study is scientifically valid.

[14c]G1yphosate (94% glyphosate, 5.9% aminomethylphosphonic acid) was
slightly mobile to relatively immobile with <7% of the applied 13¢ detected
in the leachate from 30-cm silt, sand, clay, sandy clay loam, silty clay
loam, and sandy loam soil columns eluted with 20 inches of water. Aged

(30 days) [14c]glyphosate residues were relatively immobile in silt, clay,
sandy clay loam soils with <2% of the radioactivity detected in the leach-
ate following elution with 20 inches of water. Both glyphosate and amino-
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methylphosphonic acid were detected in the leachate of aged and un-
aged soil columns. : : ‘

sandy loam soils and on the mobility, of glyphosate residues (aged) in
silt, clay, and sandy clay loam soils, S

MATERIALS AND METHODS :

Degradation - Hydrolysis ' -

Three buffered (pH 3, 6, and 9) waters containing 0.05% formalin as a

mold inhibitor, were -treated with filtered (Mi]]ipore 0.45 ym)
4C]glyphosate (949 glyphosate, 5.99 aminomethy]phosphonic acid; Mon-

santo Co.), at 25 and 250 ppm. Aliquots (1 ml) were transferred to

vials, and incubated in the dark at 5 and 35 C. Samples were taken

at 0, 7, 14, 21, and 35 days posttreatment,

Additiona?]y, water from three field Sites, Cattai]vSwamp, Sphagnum Bog,
and Ballard Pond (pH 6.2, 4.2, and 7.3, respectively), was collected,
treated with [14C]glyphosate (94% glyphosate, 5.9% aminomethy1phosphonic
acid; Monsanto Co.), at 0.1 ppm, sterilized (Millipore filter 0.45

um), and incubated in the dark at 30 C. Aliquots (20 ml) were

taken immediately after treatment and at 7, 21, 35, and 49 days

(Cattail Swamp only) posttreatment.

All samples, in duplicate, were analyzed for radioactivity by LSC.

Samples were analyzed for glyphosate and aminomethylphosphonic acid

by TLC and HpLc. The material balance was >90% for all samples.

Detection limits were not reported, .
Metabolism - Aerobic Aquatic ‘

Experiment 1

Three natural waters (see hydrolysis studx), in 250 ml flasks fitted _
With Ascarite traps, were treated with [1 Clglyphosate (949 glyphosate,
5.9% aminomethy]phosphonic acid; Monsanto Co.), at 0.1 ppm. The flasks
were incubated at 30 ¢ in the dark for 9 weeks. Aliquots (size not v
ecified) were taken at 0, 1, 3, 5, 7, and 9 weeks posttreatment. The-

phosphonic acid, by HPLC and TLC. Total radioactivity recovered ranged
from 92 to 108%. Detection Timits were not reported.
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Experiment 2

Sediments and waters (100 m1:100 ml) from two Wisconsin Sites, the
Cattail Swamp and Sphagnum Bog (see Table 1 and hydrolysis study for
characteristics) wefs added to Erlenmeyer flasks fitted Y'thiAscarite
€0,. Each flask was treated with [“"Clglyphosate
(94% glyphosate, 5.9% aminomethy]phosphonic acid; Monsanto'Co.), at
0.1 ppm, and incubated in the dark at 30 C for 7 weeks. Soil and
water samples were taken at 3, 7, 21; 35, and 49 days posttreatment.
The C02 evolved was trapped, and quantified directly by LSC. The
contents of the flasks were separated by centrifugation. The sediment
fraction was extracted (3x) with 0.5 N NaOH. Water samples and sediment
extracts were analyzed for léc by LSC, and glyphosate and degradate were
determined by column chromatography. Water samples and sediment extracts
from the last sampling interval (49 days) were-also analyzed by HPLC, To
determine the radioactivity in sediment not efzracted,with NaOH, the -
sediment was iyophi]ized, combusted, and the COZ evolved directly
quantified by LSC. Detection limits were not reported. Total radio-
activity recovered ranged from 83 to 102 and 88 to 113% of the applied
: radioactivity in the Sphagnum Bog and Cattaii’Swamp, respectively,

Mobility - Adsorption/Désorption

Silty clay Toam, silt, two sandy loam soils, and a swamp sediment
(Table 1) were air-dried and sieved (0.5 mm). Duplicate 2.5-g portions
of each soil were mixed with 0.01 N CaS04 solutions (10 m1) containing
[14C1g1yphosate (94% glyphosate, 5.9% aminomethylphosphonic acid; Monsanto
Co.), at 0, 0.1, 1.0, 10, and 20 PPm. The samples were shaken on a
vortex mixer and then mixed mechanically for 4 hours at 25 ¢, Samples
were then centrifuged, and the radioactivity in the Supernatant was
~quantified using LSC. ‘ ‘

To measure [14C]g]yphosate desorption, the supernatant volume was replaced
with an equal volume of 0.01 N CaS0y solution, shaken for 4 hours with

the soil/sediment samples, and again centrifuged. The radioactivity in
the supernatant was quantified using LSC. A1l data were fitted to the
Freundlich isotherms. Freundlich k and '1/n values were estimated from
log-log plots of the amount of 14C]g]yphosate adsorbed versus the
equilibrium concentration of [1 Clglyphosate in the solution. In the
Freundlich equation (x/m = KC /”), x/m is the ug of soil adsorbed/g of
soil, C is the equilibrium concentration (ug/m1), and K and 1/n are
constants. ‘

Mobility - Column Leaching

Seven soils (Table 1) were air-dried, sieved (2 mm), and added to glass
columns (1.5 inches in diameter x 30 cm in height). The s0il moisture
contents of three soils (Ray silt, Molokai clay, and Hilo sandy clay
lToam) were adjusted to 15-20% before treatment. A1l soi] column sur-
faces were treated with [14C]giyphosate (94% glyphosate, 5,99 amino-
methylphosphonic acid; Monsanto Co.), at 8 1b ai/A. Following treatment,
the Ray silt, Molokai clay, and Hilo fgndy clay loam soil columns were
fitted with traps to collect evolved COZ, and incubated (incubation
conditions unspecified) for 30 days. The incubated soils were leached
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biweekly for 45 days with a total of 20 inches of water added. The other
soils were rapidly leached with 20 inches of water.

The leachates from all soil columns were analyzed for radioactivity

using LSC. 1In addition, the leachates from the aged soil columns were

combined, concentrated, filtered, and analyzed for glyphosate and amino-

methylphosphonic acid by TLC. After the Teaching periods, the soi] columns
- were divided into Ziﬁm segments. Each segment was frozen, lyophilized,

combusted, and the CO, evolved was trapped and quantified using LSC.

twice with 0.5 N NaOH, the combined extracts concentrated, and analyzed
by TLC. Recovery values were >78% of the appied for all soil columns.
Detectign limits were not reported, ‘ -

REPORTED RESULTS:

Degradation - Hydro]ysis:

Neither [14C]glyphosate nor aminomethylphosphonic acid h drolyzed in
sterile, buffered waters (Table 2). The hydrolysis of [ 4C]glyphosate
and aminomethylphosphonic acid was not affected by treatment rate, pH,

or incubation temperature. S1ight degradation of{[14C]glyphosate was
observed in two of the three sterile, natural waters (Table 3). Amino-
methylphosphonic acid was detected at maximum concentrations of 25.3

and 17.2 percent of the applied 35 days posttreatment in the Cattail
Swamp and Ballard Pond waters, respectively. No degradation was observed
in Sphagnum Bog water, :

Metabolism - Aerobic Aquatic

Experiment 1 .

[14CI61yphosate degradated from the Sphagnum Bog, Cattail Swamp, and
"Ballard. Pond waters with half-lives of 49, >63, and >35 days, respec-
tively (Table 4). Aminomethylphosphonic acid concentrations steadily
increased at each sampling interval, reaching maximum concentrations in
the Sphagnum Bog, Cattail Swamp, and Ballard Pond waters of 26.2, 30.2,
and 23.1% of the applied. ‘ '

Expériment 2

The sum of the glyphosate concentrations in the water, and extract of
the sediment of the Cattail Swamp (pH 6.2), was similiar to that found
in the Sphagnum Swamp (pH 4.2) (Table 5). The partioning of glyphosate
between the water and sediment, however, was quite different. 1In the
Cattail Swamp, glyphosate concentrations in water ranged from 5.9 (day
7) to 3.5% (day 49) of the applied. Glyphosate concentrations in
sediment for the same sampling perijod ranged f{ m 52.1 to 58.7% of the
applied. At day 49 of the incubation period, "C0, and unextractable
radioactivity accounted for 17.1 and 23.0% of the applied. At the end

S



STUDY 8
-6-

of the sampling period (49 days), [14C]glyphosate, in sediment extract
and water from the Sphagnum Bog (pH 4. 2, was detected at 28.3 and
20.0%, respectively, of the applied. €0 and unextractable radio-
activity increased during the 7 weeks to maximum concentrations

of 21.8 and 22.1% of the applied. '

Mobility - Adsorption/Desorption

Freundlich K values ranged from 22 for the Lintonia sandy loam (or-
ganic matter content 0.7%, CEC 5.1 meq/100- g) to 175 for the Cat-
tail Swamp sediment (organic matter content 1.5%) (Table 6). The
percent of applied glyphosate desorbed ranged from 11.5 to 0.9%

for the Lintonia sandy loam and Cattail Swamp sediment, respec-
tively. 7 :

-

Mobility - Column Leaching

After leaching the unaged soil columns with 20 inches of water,

- the percent of recovered radioactivity remaining in the soil columns e
ranged from 93.4 to 100% (Table 7). Of the radioactivity remaining.
in all the soil columns (aged and unaged), >95% of the recovered
remained in the top 14 cm of the columns. After leaching the
aged soil columns with 20 inches of water over a 45-day period,
<2% of the radioactivity was detected in the leachate (Table 8).

The distribution of the radioactivity in the leachate and the top
2-cm segment of the soil columns between glyphosate and the degra-
date aminomethylphosphonic acid is presented in Tables 9 and 10, re-
spectively. ‘ '

DISCUSSION:

Degradation - Hydro]ysfs

Detection limits were not reported,

Metabolism - Aerobic Aquatic

1. Soil/sediment was not included in the experimental design (Experi-
ment 1). : ‘ X
2. Complete water characteristics, including. percent suspended solids

and dissolved oxygen content, were not reported.

3. Data were not collected Tong enough to permit the degradation of
glyphosate and the pattern of formation and decline of the degradate

MON 0453 to be determined.

4. Complete sediment characteristics for the Cattail Swamp, including
textural analysis, pH, and CEC, were not reported. ‘

Mobility - Adsorption/Desorption

1. The soils and sediments were sieved to 0.5 mm, thus removing the -
coarse ‘sand fraction. : -
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The test soil reported to be Ray silt loam is a silt according to
the USDA soil textural classification system. The soil textural

- classifications for the Drummer, Spinks, and Lintonia soils could

not be verified because the textural analyses were <100%.

Mobility .- Column Leaching

1.
2.

Values of soil/water relationships (Kq) were not reported.

The test soil reported to be Ray silt loam is a silt according to
the USDA soil textural classification system. The soil textural
c¢lassifications for the Drummer, Spinks, and Lintonia soils could
not be verified because the textural analyses were <100%.
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Table 1. So0il and sediment characteristics.

‘ o Oéganic
' Sand Silt Clay  matter CEC
Soil type : : % ' pH (meq/lQO'g)
Ray silta 4.6 84.2 10.0 1.2, 8.1 - 10.4
Drummer silty clay Toamd 2.4 68.8 25.3 3.4 6.2 24.6
Spinks sandy loamd 75.1 17.8 4.8 2.4 47 113
Lintonia sandy loamd - 8€.0 11.0 1.8 0.7 6.5 5.1
Leon sand 94.0 5.0 1.0 1.0 4.8 7.2
Hilo sandy clay loam 54.0 20.0 26.0 95 57 60.0
~ Molokai clay 18.0 30.0 52.0 3.0 7.0 ~20.0
Ballard Pond sediment 18.0  54.0 28.0 0.7 6.0 21.0
Cattail Swamp sediment - S - -~ 1.5 -- | --

@ See Discussion #2 under Mobi]ity - Adéorption/Desorption.
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Table 2. - Concentrations (% of applied) of glyphosate and aminomethylphosphonic
~acid in sterile buffered solutions incubated for 35 days in the dark
after treated with L C]g]yphosate,'at 25 and 250 pPpm, as determined by
TLC and HPLC.
emersie et We E—
pH - (C) (ppm) Glyphosate Glyphosate MON 04352
3 35 25 91.6 a6 5.4
250 92.9
5 A 91.8 - 9%.2 . 5.8
- 250 _ 92.0
6 35 25 © 91,9 , 93.7 | 6.3
, i 250 93.3
5 25 %2.9 9%.1 5.9
| 250 92.7
9 35 25 92.7 94.1 5.9
- 250 94.4
5 25 93.3 - 93.7 6.3
250 93.9 |

a Aminomethy]phosphonic acid.
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Table 3. Concentrations (%. of the app11ed) of glyphosate and MON 0435
‘ (am1nomethy1phoghon1c acid) in sterile three natural waters
treated»w1th [ C]g]yphosate, at 0.1 ppm, and determ1ned by HPLC.

Sampling
interval : -
Water : pH (days) Glyphosate MON 0435
Cattail Swamp 6.2 21 . 90.4 9.6
3% T 7a 25.3
A9 80T 19.3
Sphagnum Bog 4.2 A_7f_f£‘”21 : 94.4 5.6
| L B 94.0 6.0
Ballard Pond - 7.3 21 | 83.8 16.2

35 - 82.8 | 17.2
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Table 4, Concentrations (% of applied) of glyphosate and aminomethylphosphonic
acid (MON 0435) in three natural waters treated with [14C]glyphosate,
at 0.1 ppm, and incubated at 30 C in the dark. :

Sampling Radioactivity TLC HPLC
_ interval , ' : :
Water (days) 14C02 H)0  Glyphosate  MON-0435 Glyphosate  MON-0435
Sphagnum Bog 3 1.5 102.5 - P h - --
7 2.3 96.0 -~ ~= - -
21 6.6 87.2 79.4 7.8 -- --
35 13.5 86.1 71.3 . 14.8 -- --
49 22.1 71.7 49.4 22.3 38.9 32.8
63 '29.0 63.1 36.9 26.2 27.9 35.2
Cattail Swamp 3 2.1 95.6 -- -- - o --
: 7 3.2 97.1 83.5 13.6 - L=
21 6.5 - .96.7 73.8 16.7 -- --
35 10.8 91.8 68.8 . 23.0 -- --
49 12.8 91.7 - 65.7  26.2 ‘ 66.9 24.8
63 14,6 91.2 61.0. 30.2 50.9. . 40.3
Ballard Pond 7 4.0 93.7 76.5 17.2 81.4 18.6
21 8.3 100.4 78.1 - 22.3 - 70.6 29.4
35 11.4 92.0 68.9 23.1 58.4 33.6

[}3
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Table 5. Concentrations (% of applied) of g]yphosphate and aminometh&]phosphonjc acid (MON 0435) in
sediment and water treated with [ 4C]g]yphosate, at 0.1 ppm and incubated aerobically at
30 C in the dark.

Radicactivity (% of applied)

Sediment
Sampling Ho0 : Extractable o
. interval 4 E ) )
Water (days) 1 €0, Glyphosate MON 0435 Glyphosate MON 0435 Unextractable Total
Sphagnum Bog 3 0.87 - Cew - - . - -
7 2.67 - -~ -- - 6.52 93.8
21 16.91 32.9 4.9 15.8 6.8 5.92 83.3
35 19.46 19.0 2 2.7 33.6 13.3 7.15 93.8
49 21.84, 20.0 - 2.7 28.3 6.7 T 22.09 102.4
Cattail Swamp 3 0.62 - ~- -- - - -
: 7 1.87 . 5.9 1.0 52.1 10.2 25.0 95,1
21 4,83 4.8 1.1 44.5 18.8 13.8 87.8
35 15.28 3.7 . 0.4 45,0 15.1 18.9 97.8
49 17.11 3.5 0.2 58.7 10.1 23.0 112.6

e

-3
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"~ Table 6. Freundlich K and 1/n for the adsorption of glyphosate on a swamp
sediment and four soils. : * .

g . Percent
Soil type K 1/n desorbedd
Ray silt | 90 | 10.902 3.7
Spinks sandy loam | 700 - -0.944 3.6
Drummer silty clay loam ~ 62 © . 0.951 5.3
Lintonia sandy loam 22 - 0.782 11.5

Cattail Swamp sediment. 175 1.010 3 0.9

2 Maximum g1yphoséte.desorbed from the four different equilibration
concentrations.

4
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Table 7. Distribdtion of radioéctivity (% of ‘recovered) in seven soi]yco1umns

treated wit

h [14¢]glyphosate and rapidly eluted with 20 inches of

water.
Sampling Soil type
depth : &

(inches) Lintonia  Ray Spinks Leon Drummer  Hilo  Molokai
0-2 33.4 24.5 72.1 21.2 80.0 99.5 98.6
2-4 25.3 24.3 24 .6 19.8 14.3 0.2 0.9

. 4-6 17.3 18.0 1.8 15.5 2.4 0.2 0.1
6+8 10.4 14.5 0.4 '15.4 0.8 0.1 0.3
8-10 - 4.8 6.8 0.2 10.4 0.4 0.0 0.0

10-12 2.3 2.4 0.1 6.7 0.3 0.0 0.0
12-14 0.8 1.4 0.1 4.1 0.2 0.0 --
14-16 0.4 0.7 0.1 2.4 0.1 0.0 --
16-18 0.2 0.3 0.1 1.9 0.3 0.0 -
18-20 0.1 0.1 0.0 0.8 0.1 0.0 --
20-22 0.1 0.1 0.0 0.3 0.1 -- --
22-24 0.1 0.1 0.0 0.3 0.1 - --
24-26 0.1 0.1 0.2 0.2 - 0.0 - -
26-28 0.1 0.1 0.0 0.1 0.1 0.0 --
28-30 0.1 0.1 0.1 0.1 0.0 0.0 --
Total recovered :
in soil column 95.6 93.4 99.9 99.0 99.1 100.0  99.9

Total recovered : _ ‘
in Teachate 4.4 6.6 0.1 1.0 0.9 0.0 0.1

Total recovered 100.0 100.0  100.0 - 100.0 100.0 100.0 100.0 -

Percent of

applied 78.7 .90.5 95,5 99.9 89.0 98.7 101.7
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Table 8. Distribution of rad1oact1v1ty (% of recovered) in three soil columns
treated with [14C]glyphosate, incubated for 30 days, and eluted with
20 inches of water over a 45 -day period.

‘Sampling Soil type
depth o ,
(inches) Ray Molokai Hilo
silt clay sandy clay loam

0-2 30 30 -40.39 97.53

2-4 1.07 0.20 0.03

4-6 0.49 0.05 0.03

6-8 0.27 0.07 - 0.01

8-10 0.24 0.07 0.01
10-12 0.17- 0.04 - 0.01
12-14 0.10 0.04 0.01
14-16 0.12 0.02 -
16-18 0.09 0.02 -
18-20 0.11 0.02 --
20-22 0.08 0.02 0.01
22-24 0.05 0.02 0.01
24-26 0.06 0.02 -
26-28 0.08 0.01 -—
28-30 0.04 - 0.01 0.01
Total recovered

in soil column 33.26 41.00 97 .66
Total recovered

in leachate 1.56 0.22 0.02
Tota14ev01ved ‘

65.18 58.78 2.32

Total recovered 100.00 100.00 100.00
Percent of

applied 98.40 84.62 98.94

ez
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Glyphosate and aminomethylphosphonic ‘acid concentration (% of

Teble 3. applied) in the leachate of soils treated with [14C]glyphosate
at 8 1b ai/A and eluted with 20 inches of water. ..
Soil Glyphosate Aminomethy1phosphonic
: acid
Ray? 0.8 0.7
Hilod -- --
Molokaid - --
Ray  5.8 0.8
Liﬁtonia 43.9 0.5
Drummer 0.6 0.3
Spinks -- --
Leon 0.6 0.4
Hilo - --
Molokai - -

@ Incubated 30 days before being leached over a 45-day period.
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Table 10. Distribution of radioactivity (% of extractable) between Gly-

’ _ phosate and aminomethylphosphonic acid in the top 2-cm seg-
ment of soil columns treated with [14C]glyphosate, at 8 1b ai/A,
and leached with 20 inches of water.

Aminomethyl-
phosphonic
Glyphosate acid
Radioactivity .
Soil (% of applied) =~ % extracted " (% of extractable)
Ray? 30,3 52.4 . 26 84
Hilod 977 8.4 ' 94 6
Molokaid ‘ 34.1 C47.0 22 78
Ray 234.5. 2.3 76 24
Lintonia 33.4 78.9 80 20
Drummer -80.0 77.8 86 14
Spinks 72.1 95.7 | 90 10
Leon 21.2 . 99.1 93 ' 7
Hilo ‘ 99.5 . 15.1 94 6
Molokai 98.6 50.3 86 14

a Incubated 30 days before treatment; leaching period was 45 days.

(3



