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Degradation of '*C-Glyphosate in Saskatchewan Soils
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Glyphosate (N-(phosphonomethyl)glycine), the active
ingredient in several herbicide formulations, is a non-
selective, post-emergent herbicide used in a variety of
crop and non-crop situations. Field rates of glyphosate
range from 0.34 to 1.2 kg/ha (ai) for control of annual
species and 1.12 to 4.48 kg/ha (ai) for perennials
(Humburg et al. 1989).

Glyphosate is a non-volatile herbicide that is relatively
immobile in so0il, with little potential for 1leaching
(Torstensson 1985). 1Its degradation in soil is due to
microbiological processes (Sprankle et al. 1975; Nomura
and Hilton 1977; Rueppel et al. 1977; Moshier and Penner
1978). The major soil metabolite of glyphosate has been
identified as aminomethylphosphonic acid which also
undergoes breakdown in the soil (Nomura and Hilton 1977;
Rueppel et al. 1977). Chemical analysis of residues in
soils is both complex and time consuming. Consequently,
most laboratory degradation studies have been conducted
with C-glyphosate with the rate of !“CO, evolution being
used as an indication of herbicide breakdown (Torstensson
1985). A summary of such studies has revealed half-life
values ranging from 3 days to 22.8 years (Torstensson
1985)

No information is available on the degradation and fate
of glyphosate in Saskatchewan soils, and with its
increasing use in chemical fallow cropping systems, some
data are necessary. The followin? study was undertaken
to investigate the breakdown of !“C-glyphosate in three
Saskatchewan soils, under laboratory conditions using a
closed system, by measuring amounts of CO, evolved over
a 90-day period. After 90 days, solvent extractable
radioactivity and non-extractable !*C associated with the
soil was also quantified.
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MATERIALS AND METHODS

Soils used in these studies were a clay from the Regina
Research Station, a clay from Indian Head and a loamy
sand from White City, Saskatchewan. The soils were
collected immediately prior to commencement of the
studies from the 0- to 10-cm of field soils when the
moisture was <10% field capacity. After sieving (2-mm
mesh) the soils were stored in plastic sacks at

4 * 1°C. The physical characteristics of these soils
have been previously described (Smith and Aubin 1990).

Glyphosate, labeled with C in the phosphonomethyl
position, and having a specific activity of 2.12 MBg/mg
and a radiochemical purity >95% was obtained from Sigma

Chemical Co., St. Louis, MO. The !“C-herbicide was
dissolved in distilled water (10 mL) to give a solution
containing 185 KBg/mL (0.09 mg glyphosate/mL). An

aqueous solution containing non-radioactive glyphosate (2
mg/mL) was also prepared.

Samples (50 g) of all three soils at 85% of their field
capacities were weighed into 175-mL polystyrene foam
cartons and placed in 2-L Mason jars fitted with spring-
clip lids. The jars were placed in an incubator, in the
dark at 20 + 1°C, for 7 days. After equilibration, the
soils were treated with “C-glyphosate solution (100 uL,
9 ug herbicide) and non-radiocactive glyphosate solution
(25 puL, 50 ug) so that the moist soil treatments
contained 1.2 ug/g herbicide and 18.5 KBg. The soils
were thoroughly stirred to ensure mixing. In each jar
was placed a 50-mL beaker containing a 20-mL glass vial
filled with 0.2M aqueous sodium hydroxide (15 mL) to
absorb !YC-carbon dioxide evolved. After treatment, the
jars were re-incubated at 20 + 1°C in the dark. Samples
(1 mL) of the sodium hydroxide solution were analyzed for
radioactivity at regular intervals, at which time the
absorbing vials were changed. During the 90-day
incubation period there were negligible losses of water
from the soils by evaporation. The cumulative amounts of
Wc-carbon dioxide released were calculated as a
percentage of the total radioactivity originally applied
to the soils. Presence of “C-carbonate in the trapping
vials was confirmed by precipitation as barium C-carb-
onate (Harvey et al. 1985) and at all sampling times
radicactivity in the sodium hydroxide trapping solution
was attributable to *CO,. After 90 days, the soils were
extracted to determine the amounts of solvent extractable
radioactivity present and also the amounts of !¢
associated with the soils in a non-extractable form.

The soil from each carton was transferred to a 250-mL
glass-stoppered flask, to which was added extraction
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solvent containing water (100 mL), o-phosphoric acid
(85%, 4 g) and calcium chloride (1 g) so that the total
volume of extractant together with the water present in
the soil samples was 100 mL. After a 1-hr shake on a
wrist-action shaker, the flask and contents were allowed
to remain in contact for an 18-hr period before being
shaken for a further 1-hr period. Following centrifug-
ation (2000 X g for 5 min), aliquots of the supernatant
(4 mL) were analyzed for radioactivity remaining.

The so0il residues following solvent extraction were
collected and successively washed with the extraction
solvent (100 mL), water (200 mL), methanol (100 mL) and
finally acetone (100 mL). All washings were discarded
since they contained negligible amounts of radioactivity.
After drying for 2 hr at 90°C, aliquots (1.0 g) of the
weighed soils were combusted (see below) to determine
radioactivity remaining.

The "C present in the sodium hydroxide and soil
extraction solvent was measured using a Packard Tri-Carb,
Model 1900TR Liquid Scintillation Spectro- photometer.
Scintillation solution was Scinti-Verse II (15 mL, Fisher
Scientific Co., Fair Lawn, N.J.). Counting efficiences
were determined using a '™Ba external standard.
Radioactivity in the solvent extracted soils was measured
following combustion in a Harvey Biological Material
Oxidizer, Model 0X-500 (Harvey Instrument Corp.,
Hillsdale, N.J.). The evolved “CO, was absorbed in
Harvey Carbon 14 Cocktail (15 mL). “CO, released from
soils fortified with MC-glyphosate immediately before
combustion, was equivalent to over 95% of the applied “cC.

RESULTS AND DISCUSSION

With time there was a steady evolution of *co, from all
three soils (Fig. 1) so that after the 90 days of
incubation between 69 and 75% of the radiocactivity from
the applied C-glyphosate had been released (Fig. 1 and
Table 1). The times for release of 50% of the applied
radiocactivity as "cO, was 30 t+ 2 days from the Indian
Head clay, 37 * 2 days from the White City loamy sand and
40 * 2 days from the Regina clay. As cautioned
(Torstensson 1985), the liberation of !C0, does not
necessarily reflect the actual rate of decomposition of
lYc-glyphosate. In the radioactive herbicide used in the
present studies the “C label was in the phosphonomethyl
carbon atom. This carbon atom is also present in
aminomethylphosphonic acid, the major soil metabolite.
Thus, the O, evolved could have been released both by
the direct metabolism of !c-glyphosate and/or by
metabolism of “C-containing degradation products. Hence
the half-life values for glyphosate in the soils under
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Table 1. Radioactivity recovered after 90 days from
soils treated with 1.2 ug/g “C-glyphosate following
incubation at 20 * 1°C and 85% of field capacity

Recovered *C (% of applied)’

Indian Head Regina White city

(clay) (clay) (loamy sand)
Released as !co, 75 ¢ 1 75 + 2 68 + 1
Solvent extractable 9+t 0 70 16 + 0
Soil non-extractable™ 12 * 1 14 + 2 70
Total radioactivity 96 * 2 96 * 2 91 + 1

Mean and standard deviation from 3 replicates.
* Via soil combustion.

study will be less than the 30 to 40 days indicated
above. Such half-life values are similar to those
reported by others under laboratory conditions (Hance
1976; Rueppel et al. 1977; Nomura and Hilton, 1977;
Moshier and Penner 1978).

After 90 days of incubation, solvent extractable radio-
activity ranged from 7% in the clay from Regina to 16% in
the loamy sand from White City (Table 1). Extraction of
glyphosate from soils using aqueous solutions containing
phosphoric acid have been reported (Roy and Konar 1989).
Unpublished studies from the Regina Research Station have
shown that the aqueous extraction solvent containing
phosphoric acid and calcium chloride is efficient, and
gives reproducible “C-glyphosate recoveries in the range
of 82 to 90%, from air-dried samples of the same soils
used in this study, 28 days after fortification. The
high phosphoric acid content of the extraction solvent
precluded thin-layer, or high pressure 1liquid,
chromatographic analysis of the extracts. It must
therefore be surmized that the solvent extractable
radioactivity contains such compounds as undegraded “c-
glyphosate and *C-containing metabolites.

After 90 days, 7 to 14% of the initial “C remained in the
soil in a non-extractable form (Table 1) but no attempts
were made to further characterize this radio-activity.
At the end of the experiment between 91 and 96% of the
applied radiocactivity could be accounted for (Table 1).

Field persistence studies with glyphosate have been
almost exclusively conducted in forest soils where half-
life values ranged from 29 to 60 days (Newton et al.
1984; Feng and Thompson 1990). Persistence studies with
glyphosate under Canadian boreal forest conditions in
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Ontario indicated that residues were reduced to less than
10% of that applied after 78 days (Roy et al. 1989).
While a study conducted in a coastal B.C. forest
watershed indicated that 13 to 18% of appled glyphosate
residues could be detected after 360 days (Feng and
Thompson 1990). No other Canadian soil persistence data
are available.

Under the present study conditions it was observed that
glyphosate was metabolized in moist non-sterile
Saskatchewan soils with a half-life of less than 30 to 40
days. Since glyphosate shows little herbicide activity
when applied to the soil (Hance 1976; Torstensson 1985)
there is little likelihood of soil bound residues causing
unexpected crop damage.
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