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CONCLUSIONS: 

J4etabolism - Anaerobic Soil 
1. This study is s EPA Data Requirements for Registering 

Pesticides by providing on the anaerobic metabolism of oxazolidine 
ring-labeled [ 4 - 1 4 ~ ] ~ ~ ~  loam and sandy loam soils. No additional 
data on the anaerobic of MON 13900 are required at this time. 

Samples (50 g, dry weight) of air-d ied, sieved (2 mm) Sable silt loam and Sarpy 
sandy loam soils (Table 2) were pla ed in flasks and adjusted to 85% of 0.33 bar 
moisture. The flasks were stoppere with foam plugs, then incubated at 25 & 1 C 
and 30% humidity in the dark for 33 days; soil moisture was maintained at 65-86% 
of 0.33 bar during the incubation. Following the 33-day preincubation period, 
eighteen flasks of each soil type w re treated at 0.42 ppm with oxazolidine ring- i 

2. MON 13900 degraded with applicant-c 
soil and 13.0 days in sandy loam so that were incubated anaerobically (flooding 
plus nitrogen atmosphere) at 25 G i-I 
aerobic fncubation. These calculatsid 
accurate since approximately 91% of 
posttreatment had degraded after 33 
posttreatment). The major nonvolati.le 
dimethyl-3-oxazolidinyl]-2-oxoacetic: 
nonvolatile degradates in the anaercbic 
3-(hydroxyacety1)-2,2-dimethyloxazo:.idine 
2.2-dimethyl-3-(methylthioacetyl)~~ 

the dark for 63 days following 30 days of 
values for half-lives are not necessarily 

the MON 13900 present at 30 days 
days of anaerobic incubation (63 days 

degradate was 2-[S-(2-furany1)-2,2- 
acid (MON 13900 oxamic acid). Other 

soil plus flood water were 5-(2-furany1)- 
(MON 13900 alcohol) and 5-(2-furany1)- 

zolidfne (MON 13900 methyl sulfide). 
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labeled [ 4 - 1 3 ~ / 1 4 ~ ] ~ ~ ~  13900 (radiochemical purity >98%, specific activity 18.13 
mCi/mMol, Monsanto), dissolved in acetonitrile; after treatment, the soil 
moisture was readjusted to 85% of 0.33 bar. Each flask was top ed with a two- 

P4 piece trapping tower (Figure 4) containing foam plugs to trap [ C]volatiles and 
Ascarite I1 to trap evolved 14c02, the samples were then incubated at 25 1 C in 
the dark for 30 days. l%e flasks were weighed at 7- to 9-day intervals and water 
was added, as needed, to maintain the soil moisture at 65-85% of field capacity. 
At 30 days posttreatment, each flask was amended with glucose (500 mg). After 
glucose amendment, anaerobic conditions were established by flooding the soil 
with deionized water (100 mL), sealing the flasks, attaching a "syringe tower" 
containing foam plugs and Ascarite, and purging the flasks with nitrogen for 10 
minutes (Figure 5). The flasks were incubated at 25 f 1 C in the dark. Each 
flask was purged with nitrogen for 10 minutes on days 17, 33, 44, and 63 of the 
anaerobic incubation period. Duplicate flasks of each soil were collected at 0, 
1, 3, 7, 14, and 30 days posttreatment and at 33 and 63 days after anaerobic 
conditions were established (63 and 93 days posttreatment). During the aerobic 
incubation period, foam plugs in the trapping towers were collected and replaced 
at 7, 14, 21, and 30 days posttreatment and Ascarite was collected at 7 and 30 
days posttyeatment; foam plugs and Ascarite were collected on days 17, 33, 44, 
and 63 of the anaerobic incubation period (47, 63, 74, and 93 days posttreatment) 
when the flasks were purged with nitrogen. 

The soil and water fractions were separated using centrifugation. Soil samples 
were extracted three times with 60% aqueous acetonitrile using a wrist-action 
shaker; extracts were separated from the soil by centrifugation, then decanted 
and aliquots of each extract were analyzed for total radioactivity using LSC. 
Selected soil samples were further extracted with various basic and/or acidic 
solvents, including 60% aqueous acetonitrile, 0.1 N ammonium hydroxide, 5% HC1, 
and deionized wacer, as presented in Table A. A pooled aqueous acetonitrile 
extract was prepared for each of the 0- to 30-day soil samples. For each of the 
63- and 93-day soil samples, equal portions (10% by weight) of each aqueous 
acetonitrile extract and the water fraction were combined to produce a pooled 
sample. A portion of each pooled sample was concentrated by rotary evaporation, 
and aliquots were analyzed for total radioactivity using LSC. Additional 
concentrated aliquors were analyzed by reverse phase HPLC using W (254 nm) and 
radioactivity detection on a Brownlee RP-18 precolumn followed by a Beckman'Altex 
Ultrasphere-ODs C-18 column eluted with isocratic and linear gradients of 
acetonitrile and 0.001 M dibasic ammonium phosphate; fractions were collected at 
0.3-minute intervals and analyzed for radioactivity using LSC. To confirm 
degradate identifications, collected HPLC fractions were also analyzed using GC 
with flame ionization and radioactivity detection, GC/MS with chemical 
ionization, fast atom bombardment MS (FAB/MS), and NMR. In addition, 
acetylations were performed on selected fractions using acetic anhydride plus 
pyridine . Unextracted [14c  residues remaining in the extracted soil were 
quantified using LSC following combustion. 

To characterize unextracted (14~]residues, the previously extracted 93-day soil 
samples were fractionated into humin, humic acid, and fulvic acid (Figure 12). A 
subsample of extracted soil was refluxed with N,N-dimethyl formamide:l% oxalic 
acid (ratio unspecified) for 48 hours using a Soxhlet apparatus followed by a 60- 
hour extraction with 0.5 N NaOH using a shaker. Extracts were analyzed for total 
radioactivity using LSC. The NaOH extract was acidified to pH 1 with 
concentrated HC1 to precipitate the humic acid fraction; the supernatant 
containing the fulvic acid fraction was analyzed for total radioactivity using 



LSC. The extracted soil containi g the humin fraction was lyophilized and 
analyzed for residual radioactivi 1 y by LSG~following combustion. 

were placed in-scintillation cocktail and 
LSC. Ascarite from the trapping towers 

was placed in a distilled water. The flask was immersed 
in ice, then from the Ascarite using concentrated 
sulfuric solution; the trapping solution was 

Oxazolidine ring-labeled 13900 (radiochemical purity >98%), at 0.42 
ppm, degraded with lives of 14.7 days in silt loam soil and 13.0 
days in sandy loam anaerobically (flooding plus nitrogen 
atmosphere) at 25 days following 30 days of aerobic 
incubation. In decreased from an average 50.7% of 
the applied just prior to flooding to 4.4% 
after 33 and 2.7% after 63 

MON 13900 
to 5.9% 

* 

acid (MON 13900 
oxamic acid, Fraction B). 

of 8.6% of the 
soil after 33 days 

to 6.7-7.7% 

11 and 14). 

The major nonvolatile degradate in 
was 

Other nonvolatile degradates in the extracts plus flood water of both 
soils after 63 days of 

the extracts plus flood water of both soils 

5-(2-furany1)-3-(hydroxyacetyl -2,2-dimethyloxazolidine (MON 13900 alcohol, 
Fraction Dl), which contribute 1.4-12.4% of the applied radioactivity 
(maximums of 2.3% in the loam soil. and 15.7% in the silt loam soil); 
and 

5- (2 -furanyl) -2.2 -dimethyl- 3 - ( ethylthioacetyl) oxazolidine (MON 13900 .methyl 
sulfide, Fraction D2), represe ting 1.7-3.5%. 

Unidentified polar [14c] residues (F action A) , consisting of two neutral 
[14~]compounds and two acidic [14c]c mpounds, comprised 3.2-7.6% (0.013-0.032 ppm) 
of the applied at 63-93 days posttr atment. i 
At 93 days posttreatment, 14c0 tota ed 9.2-10.3% of the applied radioactivity in 

lt both soils, and unextracted [ Clres dues were 51.9-53.6% of the applied in the 
silt loam soil and 38.0-41.1% in th sandy loam soil (Tables 3 and 4). Based on 
analysis of the unextracted [14c]res dues from the 93-day soil samples, 3.9-7.8% i 



of the applied was in the fulvic acid fraction and 12.2-19.7% was in the humin 
fraction; residues in the humic acid fraction were not quantified (Figure 12). 
During the study, material balances ranged from 84.6 to 102.3% of the applied 
(Tables 3 and 4). 

COMMENTS : 

1. The sampling intervals were too infrequent to accurately establish the half-life 
of the test substance under anaerobic conditions; MON 13900 decreased from 50.0- 
66.0% of the applied radioactivity at 30 days posttreatment just prior to 
flooding to 3.9-6.28 after 33 days of anaerobic incubation (63 days 
posttreatment) and was 2-3-2.8% after 63 days (93 days posttreatment). The study 
authors calculated degradation half-lives using first order linear regression and 
the concentration of MON 13900 at the 300, 63-, and 93-day posttreatment sampling 
intervals. The calculated values for half-lives are not necessarily accurate 
since approximately 91% of the MON 13900 present at 30 days posttreatment had 

* 

degraded after 33 days of anaerobic incubation (63 days posttreatment); however, 
EFGWB requirements specify only four sampling intervals--immediately 
posttreatment, immediately prior to the conversion to anaerobic conditions, 30 
days after conversion to anaerobic conditions, and 60 days after conversion to 
anaerobic conditions. c 

2. Redox potentials measured after 63 days of anaerobic incubation (93 days 
posttreatment) were -185 to -195 mV in the silt loam soil and -230 to -306 mV in 
the sandy loam soil, indicating that the systems were anaerobic. 

3. The methodology used to tentatively characterize the unidentified polar 
[14~]residues in HPLC Fraction A as consisting of two neutral [14~]compounds and 
two acidic [14~]compounds was thoroughly described in the MON 13900 aerobic soil 
metabolism study (STUDY 4, MRID 42019716) included with this data submission. 

4. The pH of the test water was not reported; however, MON 13900 was shown not to 
hydrolyze at pH 5, 7, and 9 in the MON 13900 hydrolysis study (STUDY 1, MRID 
42019713) included with this data submission. 

5. The registrant reported that MON 13900 13-(dichloroacety1)-5-(2-furany1)-2.2- 
dimethyloxazolidine] is a safener intended for use with chloroacetanilide and 
sulfonylurea herbicides in corn and sorghum. The maximum projected use rate for 
MON 13900 is 0.4 lb/A. 

6. The registrant reported that for studies conducted using radiolabeled MON 13900, 
the compound was synthesized with the radiolabel in the carbon atom adjacent to 
the nitrogen in the oxazolidine ring portion of the molecule. Studies were not 
conducted with the compound labeled in the furan ring portion of the molecule 
because degradation of the radiolabeled furan ring would result in radiolabeled 
ring fragments that would be natural products composed of low numbers of carbon, 

- hydrogen, and oxygen atoms. 



Table 3: Total Accountability Appiied 14C-Radioactivity in the MOB 13900 
~nauobic  Soil Metabotim Sable Silt Loam Soil 
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Table 4: Totd Accountability of Applied 14C-Radiorrtti~ity in the MON 13900 
Anaerobic Soil Metabolism Study; Sarpy Sandy Loam Soil 

D P U  = dprn applied. 
For the Day 63 md Day 93 srmpla, this d u e  izltludcr the % DPMA in 

the water lrya (see Section 4.6). 
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Table 1 I: Quantification of MON 18800 and Soil Metaboliter from the Anuccrobic . 
- Soil MttaWism Study by HPLC JRAD; Percent of Applied j4CILdioutivity; Sable 

j Silt Low Soil 
I 

No entry -; a d  d.iccrd. 
Praclinm R -: MON IS900 Qxoraic Acid 
Yraelinn C r: M O N  1SBt11) Mdhy8 Swltoxide Ul 
Yraclion 111 = MON l a g 0  Akmhol JV 
Ruiion Ut = M O N  la000 MCIhyl8wIIde V 
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Talk 14: Quantification of MON 13000 and Soil Metabolitw from the Anaero 
bk Soil Metabdiam Study by HPLC/RAD; Percent d Applied s4GR.db.ctivity; 
Sarpy Sandy b m  Soil 

No encry - nnl &tcci4. 
h c l i o r  11 = MON I 3 M  01amk Acid B I  
Praction C = MON ~SOOD Methyl Sulfoxide lu 
Fraction 0 1  = MON llO(W1 Akohd IY 
Fr.eliolIl2 = MON 1130110 hbihyl8ullde V 
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Figure 4: Apparatus Used in tl 
Aerobic hcub.rioa Ponioo 
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Figure 5: Apparatus Osed in the YON 13900 Anaerobic Soil Jnnaboiism Studies. - 

Anaerobic Incubation Portion 
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Figure 12: Procedure for C acterization of Bound Ruiducs in Day 93 Soil tram 
the MON 13900 -bit Mctabolirm Stady 
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I, MON 13900 

I 

4.1.2 Metabolite Fraction B . 

Metabolite Fraction B was the most abundant metabolite fraction in the soil 
extracts at the end of the study (Day 93), accounting for 7.2 and 11.1% of appiied 

t 

radioactivity in Sable aad Sarpy soils, respectively. This fraction had the same 
retention time by HPLCIRAD as an authentic standard of the MON 13900 oxamic 
acid .II. This fraction was positively identified in the MON 13900 Aerobic Soil 

I Metabolim Study1 by mass spectral and derivatization methods. Based on the 
HPLC retention time comparisons, Fraction B was identified as the MON 13900 
oxamic wid JX. Fraction B accounted for up to 8.1 and 13.3% of applied D P ~  on 
Day 63 in Sable and Sarpy soils, respectively. 

11, MON 13900 oxamic acid 

Metabolite &action C 

This traction was observed in extracts of soil harvested during the aerqbic 
portion of the experiment, and accounted for up to 1.0 and 1.6% of applied dpm 
in Sable and Supy soils, respectively. This fraction was not observed in the Day 
63 or Day 93 samples. By HPLCIRAD, this fraction had a retention time nearly 
identical to that of the MON 13900 methyl sulfoxide III. Since this fraction was 
produced at very low levels during the aging period, and was not observed dur- 

A .---- uONTAINS TPLZE ::Ld:f CR 



ing the anaerobic no further characterization work was conducted with 
this fraction. retention time comparisons. this hetion was 
tcniatively 13900 methyl sulfoxide XU. 

4.7.4 Metabolite 

eat at very low Ivds during the aerobic 
portion of the urperim owwa, during the aasuobic portion, the quantities of 
this &action kcreased. *action waa isolated Cram the Day 63 sample ftom the 

concentrated to sn aqueous solution and 
the ethyl acetate laya was concentrated 

, snd d p e d  by HPLC/RAD. The 
AD. The m l t s  indicated that the 

acetate -act. The ethyl acetate 
1 mare spectrometry. Figure lib 

(page 71) contains the C spectnrm mstchcr that of a 
synthetic standard of the Ua). Ions wue observed 

+H-CH3COCE,lv). - .  

Fraction O-1 war ed wi th  wetic anhydridefp~dine. .\ single 
aadyaia of the acetylated derivative coeluted 

with an authentic stan he m u  spectral analysis 
i ts  acetate derivative with 
the MON 13900 alcohat W. 

W ,  MON lsb alcohol V, MON 13900 methyl sui6de 
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Table 2: Physical Properties of Soils Csed in the MOS 13900 Anaerobic Soil 
%letaboIism Study; 

Sable Satpy 

Textural Classification . silt lo= sandy loam 
Order = rn Entisoi 

CSDA Classification , = mixedaxsic. 
I Typic 
! ; Udipsamment 

I Location / Monmouth, IL ; Sew Bloodeld, MO 
: % Sand 1 19.00 ! 59.00 
- % S i l t  ' I 59.00 , 31.00 
! % Clay t 22.00 1 10.00 
' pH (1:1 soil:H20) ! 6.70 ; 8.00 s 

' Cation Exchange Capacity (meqJ100g) I 55.80 i 10.30 
. ?% Moiiture at 1/3 atm (Field Capacity) 1 29.08 ' 12.99 

%bfoisturcat ISatrn [Wilting Point) f 18.08 . 6.60 
Buk Density (g/mL) ! 1.10 1.11 

1 % Organic Matter ! 4.9 i 0.90 
95 Organic Carbon I * 

I 0.38 
: % CaCOS a 

I 1.10 4.58 
Extractable Cations i I 

Ca ( 3210.00 ~ 1200.00 
Mg I 

I 703.00 225.00 
Sa 42.00 . 120.00 . 
K 242.00 . 131.00 
H4 , =  . 8 

Information not available. 
All data war generated (ucctpt where indicated) by A & L 

Agricultural Labontoria. 411 N. Third St., Memphis, 'EX; 1986 (Sable), 1987 ; Sarpy) . 
* Wormation was obtained from Dr. Robert Held, soil scientist with the USDA 
Soif Conservation Service, Franklin, MO via phone communication, 1985. 

~ e t d c d  coiometricslly. 
Lab was uaable to analyze for Bydrogen. 


