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SUMMARY 
 
During agricultural use, circumstances may occur where S-2200 is applied to a terrestrial soil 
that may become waterlogged and in which anaerobic conditions may develop. The 
biotransformation of S-2200 was studied in a terrestrial soil from Baptistown, NJ (USDA soil 
classification loam, pH 6.9, organic matter 2.0%) under aerobic and then anaerobic conditions 
for 363-364 days at 20 ± 2 °C in the dark to assess this environmental dissipation route.  The test 
soil (Penn series) was the same soil used in an S-2200 aerobic soil metabolism study.  The study 
was conducted using three different radiolabeled compounds of S-2200 - [benzyl-14C]S-2167 (S-
2200 R-isomer, RB), [benzyl-14C]S-2354 (S-2200 S-isomer, SB), and [phenoxy-14C]S-2167 (S-
2200 R-isomer, RP).  S-2200 is a racemic mixture of the two isomers, S-2167 and S-2354.  The 
target concentration was 8.96 ppm on a dry soil basis, equivalent to a field application rate of 
2,240 g a.i./ha (2.0 lb a.i./acre).  The experiments were conducted in accordance with the U.S. 
EPA Pesticide Assessment Guidelines, Environmental Fate Data Requirement, 40 CFR 158.290 
OCSPP 835.4200 Anaerobic Soil Metabolism, and in compliance with the U.S. Environmental 
Protection Agency Good Laboratory Practice (GLP) Standards as specified in 40 CFR Part 160.  
The studies were conducted with guidance from OECD Guidelines for the Testing of Chemicals, 
Guideline 307, Aerobic and Anaerobic Transformation in Soil. 
 
Aerobic test systems (50 g of dry weight soil contained in an open beaker) at approximately 60% 
of the maximum water holding capacity (WHC) were dosed at ca. 8.95, 8.94, and 8.95 ppm with 
RB, SB, and RP, respectively.  The test systems were incubated in chambers equipped with 
NaOH traps for the collection of evolved 14CO2.  Analysis at 14 or 15 DAT indicated that S-2200 
would not degrade through a single half-life prior to 30 days, therefore the individual samples 
were quantitatively transferred to closed biometer flasks at 30 DAT (RB) or 34 DAT (SB and 
RP). Dried ground alfalfa was added to each biometer at a rate of 0.1% of the soil dry weight to 
speed the formation of anaerobic conditions and to insure the survival of the microbial 
anaerobes.   The soil was then flooded to commence the anaerobic phase.  The anaerobic test 
system consisted of custom biometer flasks equipped with side-arm traps containing NaOH for 
the collection of evolved 14CO2.    The RB samples were analyzed at 0, 14, 30, 37, 44, 63, 86, 
154, 259, and 364 days after dosing (aerobic phase – 0 to 30 DAT; anaerobic phase – 30 to 364 
DAT). The SB and RP samples were analyzed at 0, 15, 34, 41, 48, 64, 90, 153, 266, and 363 
days after dosing (aerobic phase – 0 to 34 DAT; anaerobic phase – 34 to 363 DAT).  The aerobic 
phase samples were extracted twice with a neutral organic solution to yield extract #1 (9:1 
acetone:water) and then extracted twice with a weakly acidic organic solution to yield extract #2 
(5:1 acetone:0.1M HCl).  The anaerobic phase samples were analyzed for evolved 14CH4 by 
oxidation of a sample of the biometer flask headspace gas.  The physical parameters of the 
anaerobic systems (oxygen concentration, redox and pH) were measured and the water separated 
from the soil.  Activity in the water phase was either analyzed by HPLC directly or after partition 
into an organic phase.  The remaining soil was extracted twice with a neutral organic solution to 
yield extract #1 (9:1 acetone:water or 9:1 methanol:water) and then extracted twice with a acidic 
organic solution to yield extract #2 (5:1 acetone:0.1M HCl or 9:1 methanol:0.5M HCl or 5:1 
methanol:0.5M HCl).  An additional dismembrator extraction with 5:1 methanol:0.5M HCl was 
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performed on representative post extraction soils (PES) at 30, 41, and 363 DAT  (all samples 
contained bound residues between 5 and 12% of the applied radioactivity).  Finally, the 
remaining PES was fractionated into humin, humic acids and fulvic acids.  S-2200 residues in 
the water, soil extracts, dismembrator extracts, and the fulvic acid organosoluble fraction were 
analyzed by HPLC with a radioflow detector or fraction collector/LSC (co-chromatography).  
Identification was performed by 2D-TLC with a radio-PhosphorImager detector (co-
chromatography). 
 
The average material balance for the study was 102.6 ± 1.4%, 103.4 ± 1.8%, and 103.1 ± 1.7% 
of the applied radioactivity (AR), respectively for RB, SB and RP, respectively.  The cumulative 
production of 14C-volatile activity (14CO2 and 14CH4) was minimal, reaching 3%, 7%, and 10% 
of the AR at 363/364 DAT for RB, SB, and RP, respectively.     In each case the majority of 
14CO2 production occurred during the aerobic phase.  Extractable radioactive residues in soil 
decreased from an average of ca. 100% of the AR at day 0, to 98.5, 94.6, and 86.9% of the AR at 
the end of the aerobic phase for the RB, SB and RP labels, respectively. Extractability continued 
to decrease during the anaerobic phase to 71.2, 67.5, and 65.1 % of the AR for the RB, SB and 
RP labels, respectively by the last sampling interval.  Radioactive residues were 18, 17, and 13% 
of the AR in the water at 37/41 DAT (7 days into the anaerobic phase) and increased for the 
duration of the study to 23, 21, and 17% of the AR by the last sampling point for RB, SB, and 
RP, respectively.  S-2200 residues were rapidly incorporated into the PES (post extraction soil) 
during the aerobic phase, rising to 5-12% of the AR at 30/34 DAT, and then decreased during 
the anaerobic phase to 4, 6, and 10% of the AR by the last sampling interval for RB, SB, and RP, 
respectively.  Details of the aerobic and anaerobic phases are presented below. 
 
Aerobic phase (RB: 0–30 DAT, SB and RP: 0-34 DAT).  Analysis of the soil extracts revealed 
that S-2200 declined to 73-77% of the AR by the end of the aerobic phase (34/30 DAT), with a 
aerobic half-life estimated at 78, 120, and 79 days for the RB, SB, and RP labels, respectively.    
The principal degradation routes were oxidation of the methyl groups on the phenoxy ring to 
form 2-COOH-S-2200 and 5-COOH-S-2200 and cleavage of the ether linkage to form De-Xy-S-
2200 which oxidized to Dx-CA-S-2200 (all < 8% of the AR at 30/34 DAT).  2D-TLC analyses 
of the neutral and acidic soil extracts for all three labels confirmed the degradates.  No 
extractable degradate exceeded 10% of applied radioactivity during the aerobic phase (highest 
individual unknown – 2.1% of AR). 
 
Radioactive residues were rapidly incorporated into the PES during the aerobic phase.  PES 
residues in the RB label peaked at 5% of the AR at 30 DAT.  Sequential extractions of the 30 
DAT RB PES were attempted to release identifiable degradates.  Dismembrator extraction 
released 1.5% of the AR.  The remaining bound residues at 30 DAT were fractionated into 
humin (1.5% of AR), humic acid (0.9% of AR) and fulvic acid fractions (1.2% of AR).  HPLC 
analysis of the dismembrator and fulvic acid organic fractions identified small amounts of S-
2200 degradates and S-2200 (<1% of AR).   
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Anaerobic phase (S-2200 R-isomers, RB: 30–364 DAT, RP: 34-363 DAT).  The early 
intervals of the anaerobic phase (37/41, 44/48, 63/64, 86/90, and 154/153 DAT) can be described 
as anoxic (low oxygen, redox transitioning to negative values).  By 154/153 DAT, the systems 
had more anaerobic character and from 259/266 DAT to the end of the study (363/364 DAT), 
anaerobic test conditions (low oxygen and strongly negative redox values) were maintained.  S-
2200 degraded very slowly during the anaerobic phase, declining to an average of 71 and 68% of 
the AR in the water phase plus soil extracts by the last DAT for RB and RP, respectively.  The 
anaerobic half-lives for S-2200 in the RB and RP systems were estimated to be > 1 year.  As 
with the R-isomer of S-2200, the concentrations of the degradates, 2-COOH-S-2200, 5-COOH-
S-2200 and DX-CA-S-2200 did not change significantly under anaerobic conditions.    2-COOH-
S-2200 concentrations peaked at 6% of the AR for RB (44 DAT) and 6% for RP (90 DAT) in the 
water plus soil extracts and stayed at similar levels for the balance of the study.  Concentrations 
of 5-COOH-S-2200 peaked at 9% of the AR for RB (63 DAT) and 8% for RP (64 DAT) and 
decreased only slightly by the end of the study.   Dx-CA-S-2200 concentrations rose slightly 
during the anaerobic phase and peaked at 5% of the AR (RB, 364 DAT).  De-Xy-S-2200 
concentrations peaked at 3% of the AR (RB, 44 DAT) and declined to 0% by the end of the 
study.  2D-TLC analyses confirmed 2-COOH-S-2200, 5-COOH-S-2200 and Dx-CA-S-2200 in 
the water and soil.  Chiral HPLC analysis confirmed that the S-2200 R-isomer did not isomerize 
during the incubation.  No extractable degradate (identified or unknown) exceeded 10% of 
applied radioactivity during the anaerobic phase (highest individual unknown – 2.1% of AR). 
 
Radioactive residues were rapidly incorporated into the RP PES during the aerobic phase, 
peaking at 12% of the AR at 41 DAT.  PES residues in the RP label decreased to 10% by 363 
DAT.  Sequential extractions of the 41 and 363 DAT RP PES were attempted to release 
identifiable degradates.  Similar amounts of activity were released at both intervals.  
Dismembrator extraction released 0.9 and 1.2% of the AR.  The remaining bound residues were 
fractionated into humin (3.6 and 3.9% of AR), humic acid (2.7 and 2.8% of AR) and fulvic acid 
fractions (2.1 and 3.2% of AR).  HPLC analysis of the dismembrator and fulvic acid organic 
fraction identified small amounts of S-2200 degradates and S-2200 (<1% of AR). 
 
Anaerobic phase (S-2200 S-isomer, SB:  34-363 DAT).  The transition from aerobic to anoxic 
to anaerobic conditions in the SB system was similar as described above for the RB and RP 
systems.  S-2200 degraded very slowly during the anaerobic phase. The S-2200 S-isomer 
degraded slightly faster than the S-2200 R-isomers (RB and RP), declining to an average of 66% 
of the AR in the water phase plus soil extracts by 363 DAT.  The anaerobic half-life for S-2200 
in the SB study was estimated to be > 1 year.  As with the S-isomer of S-2200, the 
concentrations of 2-COOH-S-2200, 5-COOH-S-2200 and DX-CA-S-2200 in water and soil did 
not change significantly under anaerobic conditions.    2-COOH-S-2200 concentrations peaked 
at 5% of the AR (90 DAT) in the water plus soil extracts and remained at similar levels for the 
balance of the study.  Concentrations of 5-COOH-S-2200 peaked at 7% of the AR (64 DAT) and 
decreased slightly by the end of the study.   Dx-CA-S-2200 concentrations rose slightly during 
the anaerobic phase and peaked at 6% of the AR (266 DAT).  De-Xy-S-2200 concentrations 
peaked at 3% of the AR (48 DAT) and declined to 0% by the end of the study.  2D-TLC analyses 
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confirmed Dx-CA-S-2200, 2-COOH-S-2200 and 5-COOH-S-2200 in the water and soil.  Chiral 
HPLC analysis confirmed that the S-2200 S-isomer did not isomerize during the incubation.  No 
extractable degradate (identified or unknown) exceeded 10% of applied radioactivity during the 
anaerobic phase (highest individual unknown – 3.6% of AR). 
 
While radioactive residues were rapidly incorporated into the PES during the aerobic phase, the 
SB PES residues peaked at 7% of the AR at 41 DAT.  Sequential extractions of the 41 DAT SB 
PES were attempted to release identifiable degradates.  Dismembrator extraction released 1.4% 
of the AR.  The remaining bound residues were fractionated into humin (2.2% of AR), humic 
acid (1.3% of AR) and fulvic acid fractions (1.6% of AR).  HPLC analysis of the dismembrator 
and fulvic acid organic fraction identified small amounts of S-2200 degradates and S-2200 (<1% 
of AR). 
 
Demethylation of S-2200 to form MCBX was observed in the benzyl label of the S-isomer at the 
end of the study (3% of the AR at 363 DAT), while MCBX formation in the R-isomer studies 
remained low (<1% of AR).  HPLC and 2D-TLC analysis confirmed the formation of MCBX. 
 
The pattern of S-2200 decline and formation of degradates in the aerobic and anaerobic phases of 
the anaerobic soil study was similar to S-2200 aerobic soil and anaerobic aquatic studies. 
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1. INTRODUCTION 
 
S-2200 is being developed as a fungicide and soil can be exposed to S-2200 as a result of its use.  
This study was conducted to quantitatively evaluate the degradation of S-2200 [benzyl-14C]S-
2167 (S-2200 R-isomer), [benzyl-14C]S-2354 (S-2200 S-isomer), and [phenoxy-14C]S-2167 (S-
2200 R-isomer) in a water/soil system under aerobic followed by anaerobic conditions with 
respect to rates, DT50, and degradates. The study was conducted following Environmental Fate 
Data Requirement, 40 CFR 158.290, OCSPP 835.4200 Anaerobic Soil Metabolism.  The study 
was conducted in compliance with U.S. Environmental Protection Agency Good Laboratory 
Practice Standards (40 CFR Part 160).  A copy of the protocol, amendments and deviations can 
be found in Appendix A. 
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2.      MATERIALS 
 
2.1  Test Substance General Information 
 

Code names: V-10190, S-2200 
Common Name: Not Available 
Isomer Code Names: S-2167 (S-2200 R-isomer) 

S-2354 (S-2200 S-isomer) 
Chemical Name:  (R,S)-2-methoxy-N-methyl-2-[α-(2,5-xylyloxy)-o-

tolyl]acetamide (IUPAC) 
 2-[(2,5-dimethylphenoxy)methyl]-α-methoxy-N-methyl-

benzeneacetamide (CAS) 
CAS Number: 173662-97-0  
Molecular Weight: 313.39 
Molecular Formula: C19H23NO3 (non-radiolabeled) 
Hydrolysis: > 1 year half-lives at pH 4, 7 and 9 
Chiral location (+): 

 
 
 

H
N CH3

O

O

CH3

H3C

O
CH3

+
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Additional physicochemical properties of technical grade S-2200 are given below. 
 

Parameter Properties/Value 

Physical State: (Reference 1) Powdery solid 

Odor:  (Reference 1) No odor 

Melting Point/Range: (Reference 1) 102 °C 

Relative Density: (Reference 1) 1.24 g/mL at 20.6 °C 

Water Solubility (OECD # 105 - 
Flask Method):  (Reference 2) 

15.8 mg/L (at 20 °C) 
 

Solvent Solubility (at 20°C) 
(racemic) 
(Reference 3) 

Hexane 1.46  g/L 
Dichloromethane 522 g/L 
Acetone 275 g/L 
Methanol  169  g/L 
Ethyl Acetate 158 g/L 
 n-Octanol 31.8 g/L 
Toluene 114 g/L 

Vapor Pressure (Reference 4) 3.36 x 10-8 Pa at 20 °C (racemic) 

Dissociation constant 
(Reference 1) 

 
No dissociation activity at pH 
 

Octanol-Water Partition Coefficient 
(Reference 5) 

Log Pow = 3.51 at 25±1°C 

Solution λmax 
(nm) 

Molar 
absorptivity, (ε) 
(mol/L)-1cm-1 

Methanol 273 2140 
Acidic 273 1920 
Basic 273 1880 

UV/Visible Absorption Spectrum 
(pH 2 – 10)  (Reference 1) 

 

Neutral 273 1740 
 

2.1.2 Radiolabeled Test Substance 
 

Three test substances were used in the study (Appendix D), S-2200 [benzyl-14C]S-2167 (S-
2200 R-isomer), [benzyl-14C]S-2354 (S-2200 S-isomer), and [phenoxy-14C]S-2167 (S-2200 
R-isomer). Identical experiments were conducted using each radiolabeled test material.  
The radiochemical purity of the test substances were determined prior to application using 
High Performance Liquid Chromatography (HPLC).  Test substances were stored in a 
freezer (F14, ca. –5 ºC) when not in use.  
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r) (i) [Benzyl-14C]S-2167 (S-2200 R-isome
 

Chemical Name: (R)-2-methoxy-N-methyl-2-[α-(2,5-xylyloxy)-o-tolyl]acetamide 
(IUPAC) 

Lot No.:  RIS2008-010 (radioactive) 
Source: Sumitomo Chemical Co., Ltd. 
Valent Inventory No.: 401 
Specific Activity: 4.22 GBq/mmol, 114 mCi/mmol, 807,900 dpm/µg 
 
Radiolabeled Position (*): Uniformly radiolabeled in the benzyl ring 

 

O

CH3

H3C

O
CH3

H
N CH3

O
*

 
 

 
 

 
 

 
 
 

Purity: The radiochemical purity was determined to be 98.91% prior to dosing. 
 

(ii)   [Benzyl-14C]S-2354 (S-2200 S-isomer) 
 

Chemical Name: (S)-2-methoxy-N-methyl-2-[α-(2,5-xylyloxy)-o-tolyl]acetamide 
(IUPAC) 

Lot No.: RIS2008-009 (radioactive) 
Source: Sumitomo Chemical Co., Ltd. 
Valent Inventory No.: 400 
Specific Activity: 4.22 GBq/mmol, 114 mCi/mmol, 807,900 dpm/µg 
   
Radiolabeled Position (*): Uniformly radiolabeled in the benzyl ring 

 

O

CH3

H3C

O
CH3

H
N CH3

O
*
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Purity: The radiochemical purity was determined to be 98.62% prior to dosing. 
 
(iii) [Phenoxy-14C]S-2167 (S-2200 R-isomer) 

 
Chemical Name: (R)-2-methoxy-N-methyl-2-[α-(2,5-xylyloxy)-o-tolyl]acetamide 

(IUPAC) 
Lot No.: RIS2009-002 (radioactive) 
Source:  Sumitomo Chemical Co., Ltd. 
Valent Inventory No.: 404 
Specific Activity: 4.44 GBq/mmol, 120 mCi/mmol, 850,100 dpm/µg 
     
Radiolabeled Position (*): Uniformly radiolabeled in the phenoxy ring 

 
 

O

CH3

H3C

O
CH3

H
N CH3

O

*
 
 

 
 

 
 

 
 
 

Purity: The radiochemical purity was determined to be 97.91% prior to dosing. 
 

2.2  Control and Reference Substances 
 
Control Substance.  [UL-14C]-D-glucose is readily degraded by aerobic and anaerobic 
microbes (UL = uniformly labeled).  Therefore, glucose degradation can be used to verify 
the presence of viable microbial populations.  [UL-14C]-D-glucose was used as a control 
substance to verify methanogenic activity in the test system (strictest anaerobic conditions 
obtained).  The glucose was stored in freezer F14 (-5 ºC) when not in use.   

 
Chemical Name:    [UL-14C]-D-glucose 
Batch/Lot No.    3615373 
Valent Inventory No.   408 
Specific activity:    319 mCi/mmole, and the chemical purity is > 97% 

(stated) 
Molecular wt.:    180.2 (non-radioactive) 
Source:     Perkin Elmer 
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Reference Substances.  The following analytical reference standards were used in this 
study.  Sumitomo Chemical Company, Ltd. supplied the reference standards.  The 
following reference substances were used in this study:  

 
Reference Standard Lot No. Purity (%)1 Expiration1 

Date 
De-Xy-S-2200 AS 2264a 99.9 7/26/11 
DX-CA-S-2200 AS 2269a 100 7/28/11 
2,5-Dimethylphenol (DMP) MKAA2399 99.8 11/11/2011 
2-COOH-S-2200 AS 2268a 99.0 7/28/11 
5-COOH-S-2200 AS 2267a 99.6 7/28/11 
MCBX R-isomer AS 2265a 98.9 8/1/13 
MCBX S-isomer AS 2266a 93.4 8/1/13 
MCBX (racemic) AS 2270a 95.2 7/11/13 
S-2200 R-isomer AS 2262a 99.8 7/20/13 
S-2200 S-isomer AS 2263a 99.4 7/20/13 
S-2200 (racemic) AS 2261a 99.6 7/8/11 

NA = Not applicable (commercial standard obtained from Sigma-Aldrich, specification 
date Jan 2009) 
1) Most recent purities and expiration dates. 
 
Standards were prepared in acetonitrile or acetonitrile/water solutions for use in HPLC and 
TLC analysis (Table 1).  The mixed standards for the [benzyl-14C]S-2167 (S-2200 R-
isomer) and [benzyl-14C]S-2354 (S-2200 S-isomer) studies contained De-Xy-S-2200, DX-
CA-S-2200, 2-COOH-S-2200, 5-COOH-S-2200, MCBX and S-2200.  The mixed standards 
for the [phenoxy-14C]S-2167 (S-2200 R-isomer) study contained DMP, 2-COOH-S-2200, 
5-COOH-S-2200, MCBX and S-2200.  See Appendix B for Certificates of Quality for the 
reference substances.  The standards and standard solutions were stored frozen when not in 
use.  See below for structures. 
 

Chemical structures of the reference substances used in this study were as follows: 
 

Designation:   De-Xy-S-2200 
Chemical Name: (RS)-2-(2-hydroxymethylphenyl)-2-methoxy-N-

methylacetamide 



Valent U.S.A. Corporation 
Valent Project No.  VP-37166                 Page 26  

 

  

Structure:  

O

CH3

H 
N

CH3
O

HO

 
 
 

Designation:   DX-CA-S-2200 
Chemical Name: (RS)-2-(N-methylcarbamoyl-methoxymethyl)benzoic 

acid  
 
Structure:  

O

O

CH3

H 
N

CH3
O

HO

 
 
 
Designation:   2-COOH-S-2200 
Chemical Name: (RS)-2-{2-[1-methoxy-1-(N-

methylcarbamoyl)methyl]benzyloxy}-4-methylbenzoic 
acid  

Structure:  
 

O
O

CH3

NH
CH3

O

CH3

O

OH
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Designation:   5-COOH-S-2200 
Chemical Name: (RS)-3-{2-[1-methoxy-1-(N-

methylcarbamoyl)methyl]benzyloxy}-4-methylbenzoic 
acid 

 
Structure:  

 

O
O

CH3

NH
CH3

O

CH3

O

OH

 
 

Designation:   MCBX, R-isomer 
Chemical Name: (R)-2-hydroxy-N-methyl-2-[α-(2,5-xylyloxy)-o-

tolyl]acetamide  
 
Structure: 
 

O

CH3

H3C

H
N CH3

O

OH
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Designation:   MCBX, S-isomer 
Chemical Name: (S)-2-hydroxy-N-methyl-2-[α-(2,5-xylyloxy)-o-

tolyl]acetamide 
 
Structure: 
 
 
 

O

CH3

H3C

H
N CH3

O

OH

  
 

 
Designation:   DMP 
IUPAC Name: 2,5-dimethylphenol  
 
Structure: 

CH3

H3C

OH
  

 
2.3   Reagents and Chemicals 
 

Solvents and reagents used in this study are listed below with their commercial sources and 
grades. 

 
 Acetone (Fisher, Optima;  EM Science, Omnisolv) 

Acetic acid (J.T. Baker, Instra-Analyzed, Aldrich) 
Acetonitrile (Fisher, Optima;  EM Science, Omnisolv) 

 Barium chloride dihydrate (Aldrich, ACS reagent) 
   Carbon 14 Cocktail (R.J. Harvey Instrument Corp.) 

Chloroform (Sigma, reagent grade) 
 Ethanol (EM Science, Omnisolv) 
 Ethyl acetate (EM Science, Omnisolv) 
 Formic acid (95%, Sigma) 
 Hydrochloric acid (J.T. Baker, Instra-Analyzed, Aldrich) 
 Methanol (Fisher, Optima;  EM Science, Omnisolv) 
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 Sodium hydroxide (Aldrich, reagent grade) 
Toluene (EM Science, Omnisolv) 

 Trifluoroacetic acid (Sigma, reagent grade) 
  Ultima Gold LSC cocktail (Packard Instrument Company) 

Water (ASTM Type II, Ricca Chemical company) 
 Water (HPLC grade, EM Science, Omnisolv) 

 
2.4   Instrumentation 
 

A list of the equipment used in the study is given below. 
 

Balance (Mettler model PM 4000, S/N H28153  #B10) 
Balance (Mettler model Toledo, S/N 1113461365  #B23) 
Balance (Mettler model AE160 S/N E17218  #VA-1) 
Centrifuge (Eppendorf model 5415C S/N 58833) 
Centrifuge (Sorvall model RT6000 with model A500 fixed-angle rotor, 
 S/N BT 126255) 
Centrifuge (Sorvall model RC26 Plus with a model SH-4 rotor, S/N 9900956) 
Centrifuge (Sorvall model Evolution with model SH-3000 swinging bucket rotor) 
Dissolved oxygen electrode, Orion Research, model 97-08 electrode 
Dissolved oxygen electrode, OakTon, model DO 6 Acorn series 
Evaporation unit (Pierce, Reactivap, Model 18780) 
Fraction collector (ISCO model Foxy 200) 
Freezers, F8 (Lab-Line Instruments, Inc.), F12 (Baxter Scientific Products, 
Cryofridge), F14 (Jewett, frost-free) and F16 (Fisher Scientific, Isotemp) 
Heating module (Pierce, ReactiTherm, Model 18870, S/N 548961141642 ) 
HPLC (Hewlett-Packard model HP 1100, HPLC #38, with a Raytest model 

Ramona 2000 radioflow detector, solid scintillant flow cell 250 μL LiGl) 
Incubator I16 (Precision Scientific) 
Incubator I1 (Bally Case & Cooler, Inc.) 
Liquid Scintillation Counter (Packard Tri-Carb 2100TR, S/N 414244) 
Liquid Scintillation Counter (Perkin Elmer Tri-Carb 2900TR, S/N 433678) 
Orbital shaker (IKA-Werke, model KS501) 
Oxidizers (Harvey, Model OX-500 or OX-700) 
pH meter, Corning, Model 455, SN-32199  
Radio TLC scanner - PhosphorImager (Molecular Dynamics, model PSI-Pentium, 

S/N 75104) 
Radio TLC scanner  - Storm 820 (Amersham Biosciences, S/N 003601) 
Redox electrode, Wissenschaftlich Technische Werkstatten, model SenTixORP 

   [Combination electrode containing a platinum reference electrode. 
   The measured potentials (which are the values in the tables in the report)  
   can be compared to the standard hydrogen potential using the following  
   equation (all in mV). 
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   Uh (standard hydrogen potential) = UMeasured (measured ORP from the  
   platinum electrode) + URef (voltage of the reference system relative to the  
   standard hydrogen electrode) URef values at the study measurement  
    temperatures (~25-30 °C) are +207 to + 203 mV.] 

Shaker, reciprocal (Eberbach, model 6000, S/N 029702) 
Sonic Dismembrator, Fisher Scientific, model 500, probe 102C (CE) 
Survey meters (Ludlum model 3, S/N 67089, 57075, & 145115)  
Transilluminator for TLC (Model VWR TW-26, #95-0209-01) 
Ultrasonic bath (VWR Scientific, model 150T, and P250T) 
UV cabinet for TLC (UVP, Inc. model CC-60)  
Water bath (Buchi model B-461, S/N 1143944 & 1147480) 

 
3.       EXPERIMENTAL DESIGN 
 

The test system simulates the circumstances where the test substance is applied to a 
terrestrial soil that becomes waterlogged and in which anaerobic conditions develop.  
Initially, the individual soil samples (Treatments A-G as described in Section 3.3) were 
incubated in an aerobic test system as described in Sections 3.1 and 3.2.  Analysis at 14 or 
15 DAT indicated that S-2200 would not have degraded through a single half-life during 
the maximum period of aerobic incubation, therefore the individual samples were 
quantitatively transferred to closed biometer flasks at 30 or 34 DAT.  The soil samples 
were waterlogged, the systems purged with nitrogen and anaerobic conditions allowed to 
develop as described in Sections 3.1 and 3.2.  Samples were analyzed during the 30/34 day 
aerobic phase and the 329/334 day anaerobic phase (total study 363/364 days).  Details of 
the experimental design are presented in the table below and discussed in the following 
sections. 
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Parameter Experimental details 

Duration of the test: 
30/34 days aerobic, 329/334 days 
anaerobic (total study 363/364 days) 

Soil condition:  (Air dried/fresh) Fresh 

Soil: (g/replicate) 50 g (dry weight) 

Target test concentrations:  8.96 ppm (μg per g of dry soil)  
Based on use rate of 2.0 lb a.i./acre 

Incubation conditions Incubated in the dark at 20 ± 2 oC 

Experimental 
conditions: 

Moisture content 
Moisture maintenance 
method 

50 ± 10% of the water holding 
capacity 
Weigh sample to verify moisture 
levels and add required water 

Any indication of the test material adsorbing to 
the walls of the test apparatus: 

No 

Controls, if used 2 
No. of Replication: 

Treatments 2 

Aerobic test apparatus: 

50 g of soil (dry) incubated in a 100 
mL glass beaker with metal spatula. 
Incubated in closed, continuous flow, 
negative pressure incubation apparatus

 
Traps for CO2: 

 

CO2: 2 traps of 50 mL 2.0 M NaOH in 
petri dishes inside apparatus, 2 traps 
each 50 mL 2.0 N NaOH outside 
apparatus. 

Anaerobic Test apparatus: 
50 g of soil (dry) plus 95 mL of HPLC 
water incubated in a closed custom 
glass biometer.  

Identity and concentration of co-solvent: Acetonitrile neat 

volume of test solution used for 
treatment 

250 μL 

application method  
applied on surface with syringe then 5 
minutes of homogeneous mixing 

Test material 
application 

co-solvent evaporated 
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3.1     Test System 
 

The test system consisted of a loam soil that was recently collected from an agricultural 
area, top 3 inch layer (Penn series, Baptistown, NJ).  The test soil was the same (collected 
at the same time and place) as the soil used in the S-2200 aerobic soil metabolism study 
(Study number VTC-09-37114). Prior to use, the soil was stored in the dark in accordance 
with ISO 10381-6 (1993), Soil Quality – Sampling – Part 6.  The soil was thoroughly 
mixed and passed through a 2-mm mesh sieve with a minimum of air-drying.    Soil 
characterization, according to GLP, was performed by AGVISE Laboratories Inc. 
(Northwood, ND, Appendix C).  Details of the soil analysis are presented in Table 2.  The 
soil was classified as a loam according to the USDA classification system for soil.  The 
pH of the collected soil was 6.9.  The percentage of organic matter in the soil was 2.0%, 
and the Cation Exchange Capacity (CEC) was 8.7 meq/100 g.  The description of soil 
sampling and storage details are listed below.  The Valent soil inventory designation is 
VTC-7-09A.   

 
 
Description 

 
Details 

 
Geographic location  

 
Baptistown, NJ; GPS N 40° 32 min, W 74° 39 min 

 
Pesticide use history at the 
collection site 

 
Not available.  Site was a terrestrial soil where pesticides 
would normally not be applied.  Same soil as used in 
aerobic soil metabolism. 

 
Collection procedures for 
soil: 

 
Collected with a shovel. 

 
Sampling depth for soil: 

 
Top 0-3 inches of soil. 

 
Storage conditions: 

 
Stored at ambient temperature from the date of collection 
(9/24/09) until arrival at Valent (9/30/09).  Stored at 
ambient temperature at Valent through 2 mm sieving 
(10/2/09) and aerobic test system preparation (11/3/09). 

 
Storage length: 

 
 34 days prior to aerobic test system preparation. 

 
Preparation of soil 
samples:  

 
Upon receipt, the soil was sieved through a 2 mm sieve.  

 
The soil moisture (16.4%) and Water Holding Capacity (WHC, 50.5%) were determined 
before use.  The target amount of dry soil was 50 g.  Adjusting for soil moisture and 
WHC, 50 g of dry soil at 60% WHC was equivalent to 65.2 g.  Samples were adjusted to 
60% WHC and were maintained at 50 ± 10% of the WHC throughout the aerobic phase.   
In practice, the chambers contained petri dishes containing water that kept the samples at 
approximately 60% WHC during the incubations.  Following moisture adjustment, and 
prior to treatment with the test substance, all soil samples for this study were acclimated in 
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the aerobic test system (see Section 3.2) for 28 or 41 days prior to dosing.  Soil microbial 
biomass was determined on control samples around dosing and at the end of incubation.    

 
3.2    Incubation Apparatus 
 

Aerobic test system:  A schematic drawing of the incubation apparatus is presented in 
Figure 1.  The incubation apparatus consists of an airtight chamber with air inlet and outlet 
valves.  Soil samples (50 g dry weight equivalent to a soil wet weight of 65.16 g, 60% 
water holding capacity) were placed inside the chamber in open individual 100 mL glass 
beakers.  The soil moisture was adjusted periodically to 50 ± 10% of the water holding 
capacity during the aerobic incubation (moisture was adjusted by adding HPLC grade 
water as needed).  Two open Petri dishes, each containing 50 mL of 2.0 M NaOH solution 
were placed inside the chamber to capture evolved 14CO2.  An open Petri dish full of water 
was also placed inside the chamber to maintain high air humidity.  Chamber air was 
continuously evacuated through the chamber air outlet, which was connected to a vacuum 
source, at a steady rate of approximately 10 mL per minute. The chamber inlet air was 
bubbled through a water trap to humidify the air before entering the chamber.  The 
continuous airflow was used to maintain aerobic conditions as well as to evacuate any 
radiolabeled volatiles into the outlet traps.  The evacuated air passed through two 
consecutive NaOH traps to capture any 14CO2 present in the chamber’s air. Before opening 
the chamber for each sampling, airflow was increased for a length of time sufficient to 
evacuate any lingering volatile degradation products through the traps.  The incubation 
apparatus was incubated in the dark at 20 ± 2 °C. 

 
Anaerobic test system:  A schematic of the individual airtight biometer flasks is presented 
in Figure 2.  After the aerobic phase, each individual soil was quantitatively transferred 
(with 95 mL of N2 purged HPLC water) into each of the biometer flasks (total water equals 
ca. 110 mL = water in the soil (15.2 g) + HPLC water added (95 mL)), this gave a 
waterlogged soil with ca. a 2 cm water layer.  Dried ground alfalfa was added to each 
biometer at a rate of 0.1% (0.05 g) of the soil dry weight to speed the formation of 
anaerobic conditions and to insure the survival of the microbial anaerobes.    The 14CO2 
side-arm trap was charged with 25 mL of 2 M NaOH solution (N2 purged).    The 
biometers were assembled and to facilitate the formation of anaerobic conditions in the test 
system, the biometer flasks were sparged with a stream of nitrogen for approximately 0.25 
– 0.5 hour.  Following sparging, the flasks were sealed and incubated in the dark at 20 ± 2 
°C.  The average total volume of several biometers were measured to permit the calculation 
of an average headspace volume and the amount of evolved 14CH4 based on the oxidation 
of a known volume of the headspace gas. 

 
Headspace (mL) = [flask volume (mL)] - [soil-water mixture (mL) + NaOH (mL)] 
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3.3 Treatments 
 
All treatments were applied to identical glass beakers containing a mixture of 50 g soil (dry 
weight) with the soil moisture maintained to 50 ± 10% of the water holding capacity.    
Test and control substances were added to glass beakers or biometers containing the test 
system as follows: 
 

Treatment A: Untreated Controls.  Samples were used to measure the microbial 
biomass.  Control samples were analyzed around the time of test substance 
application (i.e., aerobic phase time zero).  Other samples were analyzed at the end 
of sampling (i.e., at the last anaerobic phase sampling interval). 

 
Treatment B: Organic solvent controls.  Samples were used to measure the effect 
of the administered solvent on microbial biomass at the end of sampling (i.e., at the 
last anaerobic phase sampling interval). 
 
Treatment C: [UL-14C]-D-glucose controls.  This treatment was used to verify 
methanogenic microbial activity in the anaerobic phase.  Several biometers were 
dosed with [UL-14C]-D-glucose after the establishment of anaerobic conditions (as 
indicated by low O2 and negative redox potentials, 10/21/10) and analyzed 21 days 
later (11/11/10).  
 
Treatment D: Non-radiolabeled S-2200 (samples treated with non-radiolabeled  S-
2200 (AS 2261a)) were dosed at 8.98 ppm (449 μg/50 g dry weight soil).  Samples 
were used to measure the effect of non-radiolabeled S-2200 and solvent on 
microbial biomass at the end of sampling (i.e., at the last anaerobic phase sampling 
interval). 
 
Treatment E: [Benzyl-14C]S-2167 (S-2200 R-isomer).  Consists of the test 
substance [benzyl-14C]S-2167 dosed at 8.95 ppm (448 μg/50 g dry weight soil).   
This treatment was used to determine the test substance dissipation rate during the 
aerobic and anaerobic phases, and its [14C]-metabolite formation.  Volatile 
production of 14CO2 was evaluated during the aerobic phase.  Volatile production of 
14CH4 and 14CO2 was evaluated during the anaerobic phase.  

 
Treatment F: [Benzyl-14C]S-2354 (S-2200 S-isomer).  Consists of the test 
substance [benzyl-14C]S-2354 dosed at 8.94 ppm (447 μg/50 g dry weight soil).   
This treatment was used to determine the test substance dissipation rate during the 
aerobic and anaerobic phases, and its [14C]-metabolite formation.  Volatile 
production of 14CO2 was evaluated during the aerobic phase.  Volatile production of 
14CH4 and 14CO2 was evaluated during the anaerobic phase.  
 



Valent U.S.A. Corporation 
Valent Project No.  VP-37166                 Page 35  

 

  

Treatment G: [Phenoxy-14C]S-2167 (S-2200 R-isomer). Consists of the test 
substance [phenoxy-14C]S-2167 dosed at 8.95 ppm (448 μg/50 g dry weight soil).   
This treatment was used to determine the test substance dissipation rate during the 
aerobic and anaerobic phases, and its [14C]-metabolite formation.  Volatile 
production of 14CO2 was evaluated during the aerobic phase.  Volatile production of 
14CH4 and 14CO2 was evaluated during the anaerobic phase.  

 
3.4     Test Substance Application Rate  
 

The target application rate of the test substance to soil was 8.96 ppm based on a dry soil 
basis, equivalent to a field application rate of 2,240 g a.i./ha (equivalent to the total of 4 
applications at 0.5 lb a.i./acre per application).  This agricultural use rate (2.0 lb a.i./A) is 
approximately equivalent to 8.96 μg/g applied to one acre of soil 2.5 centimeters deep 
(bulk density, 1.0 g/cm3).  Beakers containing 50 g (dry weight) of soil were dosed with 
about 448 μg of 14C-S-2200.  Aliquots of the dosing solutions were taken for LSC and 
radiochemical analysis by HPLC. Dosing solutions were made to deliver about 23,000,000 
to 26,000,000 dpm to each test sample in 250 μL.    

 
3.5    Control Substances Application Rate 

 
Since the purpose of the glucose control substance was to verify microbial activity 
(methanogenesis if possible) under conditions similar to those of the test substance, the 
control substance was applied at approximately the same molecular rate as the test 
substance. This rate was calculated as follows: 

 
S-2200 MW 313.39 g per mole 
S-2200 per sample (µg) 447 µg  

 
Therefore, a molar equivalent of [UL-14C]-D-glucose per sample was calculated as follows:  
447 μg-S-2200/313.39 μg/μmole x 180.2 μg-glucose/μmole =  257 μg-glucose.  The [UL-
14C]-D-glucose was isotopically diluted to 46,697 dpm/µg with cold glucose (giving a 257 
μg-glucose dose rate equal to approximately 12,000,000 dpm/biometer).  Based on aliquots 
of the dosing solution taken before and after dosing, the amount of radioactivity dosed per 
biometer flask was 12,010,500 dpm.  

 
3.6   Test Substance and Control Substance Application 

 
Test Substance:  After aerobic acclimation (28 days for SB and RP, 41 days for RB), the 
test substances were added to the aerobic test systems at the concentrations specified in 
sections 3.3 and 3.4.  The test substances were delivered in 250 μL of acetonitrile and 
applied drop wise to the soil surface with a syringe and the soil mixed with a metal spatula 
for 5 minutes.  [Separate experiments determined that this mixing regimen gave a 



Valent U.S.A. Corporation 
Valent Project No.  VP-37166                 Page 36  

 

  

homogeneous sample with a CV of 2.0% (Three 0.7 g subsamples were analyzed from four 
dosed samples (each 50g dry weight))].  The dosed samples were placed in 4 separate 
incubation chambers (Treatments A-D; Treatment E; Treatment F; and Treatment G). 
Control Substance (D-glucose):  When anaerobic conditions were established, the control 
substance was added to several untreated biometers at the concentration specified in 
section 3.5 (dosed 10/21/10, corresponding to 311 days into the RB incubation).  The 
control substance was delivered in 300 μL of nitrogen-purged water anaerobically through 
the biometer syringe valve on top of the soil/water compartment to the surface of the water 
(Figure 2).   The biometers were incubated in the dark at 20 ± 2 °C and analyzed 21 days 
later (11/11/10). 

 
4.     Methods 

 
4.1 Preparation of [14C]S-2200 Dosing Solutions 

 
Three test substances were used in the study S-2200 [benzyl-14C]S-2167 (S-2200 R-
isomer), [benzyl-14C]S-2354 (S-2200 S-isomer), and [phenoxy-14C]S-2167 (S-2200 R-
isomer). Identical experiments were conducted using each radiolabeled test material. The 
dosing solutions were prepared by isotopically diluting radiolabeled S-2200 with cold S-
2200 (R-isomer with RB and RP, S-isomer with SB).  The final dosing solutions were made 
up in acetonitrile and had specific activities of:  S-2200 ([benzyl-14C]S-2167 (S-2200 R-
isomer) = 57,151 dpm/µg; [benzyl-14C]S-2354 (S-2200 S-isomer) = 51,415 dpm/µg; 
[phenoxy-14C]S-2167 (S-2200 R-isomer) = 51,839 dpm/µg.  Based on aliquots of the 
dosing solution taken before and after dosing, the amount of radioactivity per biometer 
flask was 25,568,700 dpm for [benzyl-14C]S-2167 (S-2200 R-isomer, 401G), 22,976,400 
dpm for [benzyl-14C]S-2354 (S-2200 S-isomer, 400D), and 23,203,500 dpm for [phenoxy-
14C]S-2167 (S-2200 R-isomer, 404D).  The three test materials were dosed at ca. 8.95, 
8.94, and 8.95 ppm to the RB, SB, and RP test systems, respectively.  The radiochemical 
purity of the dosing solutions at dosing were determined to be 98.91%, 98.62%, 97.91% for 
the RB, SB, and RP test systems, respectively (Appendix D).  Chiral HPLC analysis 
determined that the assignments of chirality of the test substances were correct (100% R-
isomer or 100% S-isomer depending on the test material).  

 
4.2 Sampling, Sample Processing and Analysis 

 
A sample, as used in this study, consisted of one glass beaker (aerobic soil and NaOH 
traps) or one biometer flask (anaerobic soil/water mixture, NaOH trap, and headspace 
gases).  Two samples were removed for analysis according to the following schedule: RB 
samples were analyzed at 0, 14, 30, 37, 44, 63, 86, 154, 259, and 364 days after dosing 
(aerobic phase – 0 to 30 DAT; anaerobic phase – 30 to 364 DAT); SB and RP labels were 
analyzed at 0, 15, 34, 41, 48, 64, 90, 153, 266, and 363 days after dosing (aerobic phase – 0 
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to 34 DAT; anaerobic phase – 34 to 363 DAT).  Aerobic samples were measured for 14CO2 
production and then extracted with organic solvents. Anaerobic samples were measured for 
14CH4 and 14CO2 production, dissolved oxygen concentration, redox potential, and pH in 
that order at the time of analysis.  Samples were analyzed immediately after removal from 
the incubator and were not stored prior to any of the physical-chemical property or 
chemical analyses.  Summaries of the aerobic and anaerobic sample processing procedures 
can be found in Figures 3 and 4. 

 
4.2.1   Aerobic Test System - NaOH Traps 

 
NaOH traps for the RB system was removed for analysis and were replaced with 
fresh traps at the 14 and 30 DAT sampling intervals.  NaOH traps for the SB and RP 
systems were removed for analysis and were replaced with fresh traps at the 15 and 
34 DAT sampling intervals.  The contents of each NaOH trap was measured and 
three aliquots of each trap were removed and counted by LSC.  Radioactivity 
present in each trap was determined and its content of [14C] radioactivity was 
calculated.  The confirmed amount of measured 14CO2 was normalized to the 
number of samples present in the incubation chamber for the corresponding 
sampling period.  The cumulative amount of 14CO2 evolved at each interval was 
calculated as described in section 5.1.1. 

 
4.2.2    Aerobic Test System - Extraction of Radiolabeled Compounds in Soil Using 

Organic Solvents  
 

At each sampling interval, duplicate soil samples were extracted and analyzed as 
described below.  The aerobic phase samples were extracted with a neutral organic 
solution to yield extract #1 (9:1 acetone:water) (0, 14/15 and 30/34 DAT intervals) 
and extracted with a weakly acidic organic solution to yield extract #2 (5:1 
acetone:0.1M HCl) (14/15 and 30/34 DAT intervals). 
 
Neutral Extract:  The soil sample was quantitatively transferred out of the beaker 
into separate pre-weighed centrifuge bottle.  The beaker was rinsed with 150 mL of 
9:1 acetone:water (v:v), which was added to the centrifuge bottle.    The centrifuge 
bottle was shaken for 20 minutes (reciprocal shaker) and the phases separated by 
centrifugation (10 minutes at 7,500 RPM).  The supernatant was decanted into a 
graduated cylinder.   Another 150 mL of 9:1 acetone:water (v:v) was added to the 
centrifuge bottle and the sample was shaken for 20 minutes (reciprocal shaker) to 
rinse the soil.  The phases were separated by centrifugation (10 minutes at 7,500 
RPM) and the 2nd extraction added to the supernatant in the graduated cylinder 
(Neutral extract). 
 
Acidic extract:  The remaining soil pellet was re-suspended in with 150 mL of 5:1 
acetone: 0.1 M HCl (v:v) and the sample shaken 20 minutes (reciprocal shaker) and 
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the phases separated by centrifugation (10 minutes at 7,500 RPM).  The supernatant 
decanted into the graduated cylinder.   Another 150 mL of 5:1 acetone: 0.1 M HCl 
(v:v) was added to the centrifuge bottle and the sample was shaken for 20 minutes 
(reciprocal shaker).  The phases were separated by centrifugation (10 minutes at 
7,500 RPM) and the second extract was added to the supernatant in the graduated 
cylinder. Another 100 mL of acetone was added to the centrifuge bottle and the 
sample was shaken for 20 minutes (reciprocal shaker) to rinse the soil.  The phases 
were separated by centrifugation (10 minutes at 7,500 RPM) and the rinse was 
added to the supernatants in the graduated cylinder (Acidic extract). 
 
The volume of each extract was measured and 3 aliquots were removed from each 
extract for LSC.  The neutral extract was transferred to a separate round bottom 
flask and rotary evaporated (at about 35 °C) to near dryness.  The remaining residue 
was dissolved in methanol with sonication and the solution was transferred into a 
small vial.  The final volumes were measured and an aliquot was removed for LSC.  
The acidic extract was transferred to a separate round bottom flask and rotary 
evaporated (at about 35 °C) to remove the acetone (aqueous fraction remains).  The 
aqueous fraction was partitioned twice with 150 mL of ethyl acetate (1 minute 
shake).  The volumes of the combined organic and remaining aqueous fractions 
were measured and aliquots taken for LSC.  The ethyl acetate fraction was 
transferred to a separate round bottom flask and rotary evaporated (at about 35 °C) 
to near dryness. The residue was dissolved in methanol with sonication and the 
solution was transferred into a small vial. The final volumes were measured and an 
aliquot was removed for LSC.  The extracts were analyzed by HPLC-RAM and/or 
TLC-autoradiography. 
 
The post extraction soil (PES) was weighed and sub-samples were combusted using 
a sample oxidizer and its content of radioactivity was determined.  A PES samples 
from the 30 DAT RB sampling interval was further extracted using the extraction 
and fractionation procedures described in section 4.2.9. 
 

4.2.3  Anaerobic Test System -Headspace Sampling and Analysis (14CH4 
Quantification) 

  
The biometer flask was removed from the incubator and a graduated Gastight™ 
syringe (50 mL) was used to withdraw a headspace sample through the sampling 
valve.  The headspace sample was immediately injected into a Harvey Biological 
Oxidizer and the radioactivity was quantified using LSC.  Total radioactivity in 
each biometer headspace was calculated based on the radioactivity in the oxidized 
sample and the total headspace volume of the flask.  Measured radioactivity (dpm) 
was converted to percent of applied radioactivity and ppm S-2200 equivalents. 
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4.2.4  Anaerobic Test System - Verification of Anaerobic Conditions 

 
Anaerobic conditions for each sample were verified and documented by measuring 
dissolved oxygen and redox potential. Following headspace sampling, the biometer 
flask was opened and a dissolved oxygen electrode was inserted into the water 
phase of the soil/water mixture and the dissolved oxygen reading was recorded.  
Following dissolved oxygen measurement, a redox electrode was placed into the 
soil phase of the soil/water mixture and the reading of electrical potential was 
recorded. A combination pH electrode was used to measure the pH of the water and 
soil, separately.   
 

4.2.5   Anaerobic Test System - NaOH Traps 
 

The volume of each NaOH solution in the side-arm trap was measured and three 
aliquots removed for LSC.  Radioactivity present in each trap was determined and 
evolved 14CO2 was calculated as a percentage of applied radioactivity and ppm S-
2200 equivalents. 

 
4.2.6    Anaerobic Test System - Separation of Water and Soil Phases 

 
The water from each biometer was quantitatively transferred with a pipet into pre-
weighed 250 mL centrifuge bottle.  The bottle was capped and centrifuged at 7,500 
RPM for 10 min.  The water phase was carefully decanted into a graduated cylinder 
and its volume was recorded.  Water and Soil phases were analyzed separately. 

 
4.2.7    Anaerobic Test System - Water Analysis 
 

The water phase was transferred to a separate round bottom flask and the 
concentration of radioactivity present in the water phase was determined by LSC. 
 
7 day anaerobic intervals (study intervals 37/41 DAT):  The activity in the water 
phase was partition with 150 mL of ethyl acetate.  The neutral organic phase was 
removed and the remaining aqueous phase acidified with 3 mL of 1 M HCl.  The 
acidified aqueous phase was partition with 150 mL of ethyl acetate.  The neutral 
and acidic organic phases were combined, the volume measured and aliquots taken 
for LSC.   The combined organic phase was concentrated by rotary evaporation 
(bath temperature 35 °C) to dryness and the residues dissolved in methanol. The 
volume was measured and an aliquot taken for LSC analysis.  The water was 
analyzed by HPLC-RAM and/or TLC-autoradiography. 
14 to 329/334 day anaerobic intervals (study intervals 44/48 to 363/364 DAT):  
The activity in the water phase was concentrated by rotary evaporation (bath 



Valent U.S.A. Corporation 
Valent Project No.  VP-37166                 Page 40  

 

  

temperature 35 °C) to dryness and the residues dissolved in methanol or methanol - 
water. The volume was measured and an aliquot taken for LSC analysis.  The water 
was analyzed by HPLC-RAM and/or TLC-autoradiography. 

 
4.2.8    Anaerobic Test System - Soil Analysis 

 
The soil remaining in the biometer was transferred (with solvent) into the pre-
weighed 250 mL centrifuge bottle that the water phase was decanted out of (see 
section 4.2.6), and was extracted several times.  The remaining soil was extracted 
twice with a neutral organic solution to yield extract #1 (9:1 acetone:water or 9:1 
methanol:water (v:v) and then extracted twice with a acidic organic solution to 
yield extract #2 (5:1 acetone:0.1M HCl (v:v), 9:1 methanol:0.5M HCl (v:v) or 5:1 
methanol:0.5M HCl (v:v).   

 
Neutral extract:  The soil was transferred out of the biometer with 150 mL of 9:1 
acetone:water (v:v) (37/41 DAT) or 9:1 methanol:water (v:v) (44/48 to 363/364 
DAT) into the pre-weighed 250 mL centrifuge bottle and the sample shaken for 20 
minutes on a reciprocal shaker.   The phases were separated by centrifugation for 10 
minutes at 7,500 RPM.  The sample was transferred to a graduated cylinder through 
a funnel containing glass wool. The extraction was repeated, the extracts pooled 
(Neutral extract), volumes measured and aliquots taken for LSC. 
 
The Neutral soil extracts were transferred into round bottom flasks and 
concentrated to dryness using rotary evaporation under vacuum and at ca. 35 °C.  
The residues were dissolved in methanol with sonication and the solution was 
transferred into a small vial.  Extracts were clarified by centrifugation as needed. 
The concentrated extract volumes were measured and their radioactivity determined 
by LSC.  The extracts were analyzed by HPLC-RAM and/or TLC-autoradiography. 
   
Acidic extract:  150 mL of 5:1 acetone:0.1M HCl (37 DAT) or 9:1 methanol:0.5M 
HCl (41, 48 DAT) or 5:1 methanol:0.5M HCl (44, 63/64 to 363/364 DAT) was 
added to the remaining soil and the sample shaken for 20 minutes on a reciprocal 
shaker.   Note:  The polarity and acidity of the extraction solvent was increased 
with time to increase the effectiveness of the acidic extraction.  The phases were 
separated by centrifugation for 10 minutes at 7,500 RPM.  The sample was 
transferred to a graduated cylinder thru a funnel containing glass wool. The 
extraction was repeated and the extracts pooled.  A 100 mL of methanol was added 
to the centrifuge bottle and the sample was shaken for 20 minutes (reciprocal 
shaker) to rinse the soil.  The phases were separated by centrifugation (10 minutes 
at 7,500 RPM) and the rinse was added to the supernatants in the graduated cylinder 
(Acidic extract), volumes measured and aliquots taken for LSC. 
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The Acidic soil extracts were transferred into round bottom flasks and concentrated 
to the aqueous phase using rotary evaporation under vacuum and at ca. 35 °C.  The 
aqueous residue was transferred to a separatory funnel and partitioned twice with 
150 mL of ethyl acetate. The volumes of the aqueous and organic layers were 
measured and aliquots taken for LSC.  The organic layer was rotary evaporated to 
near dryness at ca. 35 °C. The residues were dissolved in methanol with sonication 
and the solution was transferred into a small vial.  Extracts were clarified by 
centrifugation as needed.  The concentrated extract volumes were measured and 
their radioactivity determined by LSC.  The extracts were analyzed by HPLC-RAM 
and/or TLC-autoradiography. 

 
The weight of the post-extraction soil (PES) was recorded.  Three sub-samples of 
PES were weighed and combusted in a sample oxidizer to determine the soil-bound 
radioactivity as described in section 4.4.  The non-extractable radioactivity 
remaining in the PES is termed as soil-bound radioactivity.  PES samples from the 
30 (RB), 41 (SB and RP) and 363 DAT (RP) sampling intervals were further 
extracted using the extraction and fractionation procedures described in section 
4.2.9. 

 
A final rinse of the biometer was done with 30 mL of ethanol/dichloromethane 
(1/1) to determine residual radioactivity adsorbed to the glass.  Aliquots of the 
biometer rinse (BR) were taken for LSC. 

 
4.2.9   Aerobic and Anaerobic Test Systems - Fractionation of Soil-Bound 

Radioactivity  
 

An additional dismembrator extraction with 5:1 methanol:0.5M HCl was performed 
on representative post extraction soils (PES) at 30, 41, and 363 DAT  (samples 
containing bound residues between 5 and 12% of the applied radioactivity).  
Finally, the remaining PES was fractionated into humin, humic acids and fulvic 
acids.  S-2200 residues in the water, soil extracts, dismembrator extracts, and the 
fulvic acid organosoluble fraction were analyzed by HPLC with a radioflow 
detector or fraction collector/LSC (co-chromatography).  The fractionation 
procedures are summarized in a schematic diagram in Figure 5. 
 
Dismembrator Extraction - The radioactivity remaining in soil following 
extraction (Neutral and Acidic extract, see sections 4.2.2 and 4.2.8) was termed as 
soil-bound residues or post extraction soil (PES).  The PES was subjected to 
harsher extraction (Dismembrator extraction).  A 30 DAT PES (RB label), 41 DAT 
PES (RP and SB labels) and a 363 DAT PES (RP label) were subjected to 
dismembrator extraction. 
 
The Dismembrator extraction was conducted for 15 minutes using 150 mL of 5:1 
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methanol:0.5 M HCl, (v:v).  The sample (in a heavy walled beaker) was placed in a 
water bath and the temperature monitored.  The Dismembrator amplitude was set to 
50% with a pulse on and off cycle of 10 seconds.  The soil and extract were 
transferred back to the original centrifuge tube and the phases were separated by 
centrifugation for 10 minutes at 7,500 RPM.  The supernatant was transferred to a 
graduated cylinder, volumes measured and aliquots taken for LSC.  The extracts 
were transferred to separate round bottom flask and rotary evaporated (30 - 35 °C) 
to near dryness.  The remaining residue was dissolved in methanol.  The 
concentrated extract volumes were measured and their radioactivity determined by 
LSC.  The extracts were analyzed by HPLC-RAM and/or TLC-autoradiography. 
 
The post Dismembrator extraction PES were further characterized using the base 
fractionation method described below. 

 
Humic, Humin and Fulvic Acid Fractionation - The radioactivity remaining in 
the PES was fractionated into humin, humic acids, and fulvic acids associated 
radioactive residues.  The PES was shaken with 150 mL of 0.5 M NaOH for 16 
hours on a reciprocating shaker.  The soil debris pellet and aqueous supernatant 
were separated after centrifugation for 20 minutes at approximately 7,500 RPM.  
The soil debris pellet was rinsed with 30 mL of water (10 minute shake), 
centrifuged as before and the water added to the NaOH solution.  The NaOH 
solution contains the humic acids and fulvic acids associated radioactivity and the 
soil debris represent the humin fraction.    The humin portion was weighed and sub-
samples were analyzed by combustion/LSC.  The radioactivity present in the NaOH 
extract was further fractionated into fulvic acid and humic acid associated 
radioactivity by acidification to pH ~1 (using concentrated HCl) to precipitate the 
humic acids (approximately 1 hour to precipitate the humic acids).  Following 
centrifugation at ~7,500 RPM for 20 minutes, the soluble fulvic materials and the 
precipitated humic substances were separated.  The supernatant, which contains the 
fulvic acids associated radioactivity was measured and it’s content of radioactivity 
determined by LSC.  The precipitated fraction (humic acids) was weighed and sub-
samples were analyzed by combustion/LSC.  The fulvic acid fraction was 
partitioned once with a 2X volume of ethyl acetate.  The ethyl acetate and aqueous 
fractions were separated, and the associated radioactivity was measured and its 
content of radioactivity was determined by LSC.  The aqueous fraction contains the 
fulvic acid associated activity.  The fulvic acid organosoluble activity was 
transferred to a round bottom flask and rotary evaporated (at 25 - 35 °C) to dryness.  
The residue was dissolved in methanol and the solution was transferred into an 
HPLC vial for analysis. 

 
4.2.10  BaCl2 Precipitation of NaOH Trap Solution   

 
The BaCl2 assay was used to characterize the nature of radioactivity present in the 
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NaOH traps.  Any evolved CO2 was trapped in the NaOH solution as Na2CO3.  The 
added Ba2+ ions replace the Na+ atoms in Na2CO3 producing an insoluble BaCO3 
precipitate.  Any radioactivity that remained in solution was assumed to come from 
dissolved 14C materials other than 14CO2.  A 10 mL aliquot of the NaOH trap 
contents was transferred into a 50 mL centrifuge tube and an equal volume of 
saturated BaCl2 solution was added.  The mixture was vortexed and kept 
refrigerated for a minimum of 1 hour.  The tube was centrifuged at 4700 × g for 10 
minutes and the supernatant decanted and its volume measured.  Three aliquots of 
the supernatant were counted using LSC and the detected radioactivity was 
calculated as a percentage of the radioactivity present in the original NaOH sample. 

 
4.3    Liquid Scintillation Counting (LSC) 
 

To quantify radioactivity in liquid replicates, aliquot(s) of known volume were transferred 
to 20-mL borosilicate glass scintillation vials, and 15 mL of ULTIMAGOLD™ 
scintillation cocktail was added.  Alternatively, aliquot(s) of known volume were 
transferred to 7-mL borosilicate glass scintillation vials, and 5 mL of ULTIMAGOLD™ 
scintillation cocktail was added.  After mixing thoroughly, the scintillation vials were 
counted for a minimum of 5 minutes using a liquid scintillation counter.  Radioactivity 
(dpm) was determined by the instrument from a quench curve generated for the 
scintillation cocktail using an external quench standard.  Background replicates contained 
scintillation cocktail only, or cocktail mixed with the solvent.  All LSC measurements were 
corrected for instrument background. 

 
4.4   Combustion Analysis (Sample Oxidation) 

 
Total radioactivity in post-extraction soil (PES) or humin and humic acid fractions was 
determined by combustion in a Harvey Biological Oxidizer.  Three sub-samples of PES 
were placed in combustion cups and the soil net wet weight was recorded.  The sub-
samples were then combusted using a 4-minute combustion cycle.  The resulting 14CO2 was 
trapped in Harvey Carbon 14 Cocktail, which was automatically dispensed by the oxidizer 
into a 20-mL glass scintillation vial.  The samples were counted for a minimum of 5 
minutes using LSC and a quench curve generated for the combustion cocktail.  Oxidizer 
efficiency was checked before each combustion session using a standard of known 
radioactivity.  Sample combustion was only conducted when oxidizer efficiency was ≥ 
95%.  The radioactivity per g of oxidized sample was calculated for each sub-sample, and 
then the mean radioactivity per g of soil from the 3 sub-samples was used to calculate the 
total radioactivity in the PES sample.  



Valent U.S.A. Corporation 
Valent Project No.  VP-37166                 Page 44  

 

  

4.5    High Performance Liquid Chromatography (HPLC) 
 

HPLC was used to determine radiochemical purity of the 14C test materials, to analyze 
standard and test solutions, to identify S-2200 and its degradates based on retention time 
correspondence to standards, to quantitate the percentage distribution of radioactivity 
between eluted peaks.  HPLC was performed on Instruments LC-38 or LC-39. 
 
LC-38 - Hewlett Packard HP1100 system equipped with a solvent degasser, autosampler, 
column oven heater, and UV detector.  Radioactivity in the HPLC effluent was detected 
using a radioflow-through detector (also known as radioactivity monitor (HPLC-RAM)) 
equipped with a lithium glass solid scintillant flow cell (250 μL).  Percent distribution of 
radioactivity in the sample extract was calculated by peak area integration using system 
software.  Electronic signals generated by the detectors on LC-38 were processed using a 
Raytest software program operating on a personal computer.  Each chromatogram was 
carefully examined and manually integrated.  The software then calculated the retention 
time, area integration, and percent area integration of each peak.   
 
LC-39 - Hewlett Packard HP1100 system equipped with a solvent degasser, autosampler, 
column oven heater, and UV detector.  Radioactivity in the HPLC effluent was detected 
using a radioflow-through detector (also known as radioactivity monitor (HPLC-RAM)) 
equipped with a lithium glass solid scintillant flow cell (200 μL).  Percent distribution of 
radioactivity in the sample extract was calculated by peak area integration using system 
software or IN/US System Win-Flow™ Chromatography Software, version 1.2g).  Each 
chromatogram was carefully examined and manually integrated.  The software then 
calculated the retention time, area integration, and percent area integration of each peak. 
 
The order in which the detectors were connected was: UV detector followed by the 
radioflow detector.  The HPLC column, eluting solvents, gradients, and run parameters 
were as follows: 
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4.5.1  HPLC Methods   
 
HPLC Method #1 (Reverse phase analysis):  The test substance radiochemical 
purities and the definitive samples were analyzed using this method on LC-38 or 
LC-39.  The typical retention times of the reference standards are given in Table 1 
and example chromatograms can be seen in Appendix E, Appendix F and Appendix 
G.  The HPLC separation of significant degradates was carried out using this 
method.  The column effluent from each HPLC run was collected and 
representative samples were analyzed (by LSC) for calculation of recovery of 
injected radioactivity. 

 
Column: Synergi Hydro-RP 4μ 80Å, 4.6 mm x 250 mm equipped with a 3 x 4 

mm C18 Security Guard™ cartridge precolumn 
Solvents: Solvent A, 0.05% trifluoroacetic acid in water 

 Solvent C Methanol 
 Solvent D, Acetonitrile 
Flow rate:  1.0 mL/min. 
Temperature:  nominal 25 °C 
Detection: UV at 230 nm 

Radioflow in counts 
 
Gradient#1: Time, min. %A %C %D 

0 100 0 0 
4  85 0 15 
18  85 0 15 
23  45 20 35 
46  24 38 38 
50  0 50 50 
53  0 50 50 
54  100 0 0 
65  100 0 0  
(data acquisition ends at 55 minutes) 
 

Post-time: 0 min. 
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Gradient#2: Time, min. %A %C %D 
0 100 0 0 
4  85 0 15 
16  85 0 15 
23  60 15 25 
30  35 30 35 
46  24 38 38 
50  0 50 50 
53  0 50 50 
54  100 0 0 
65  100 0 0  

   (data acquisition ends at 55 minutes) 
 
Post-time: 0 min. 

 
Radioactivity recoveries (dpm recovered divided by dpm injected) for the HPLC 
analyses were conducted on representative test samples throughout the study.  The 
methods gave acceptable HPLC recoveries (average RB - 103.4%, SB - 105.7%, RP 
- 102.7%). 
 
HPLC Method #2 (Chiral analysis):  The distribution of the S-2200 R and S 
isomers and MCBX R and S isomers for the RB, SB and RP exposures were 
analyzed using this method on LC-38 or LC-39.  Various gradients were used to 
maximize R and S isomer separation. The typical retention times of the reference 
standards and example chromatograms can be seen in Appendices E, F and G.  

 
Column: Phenomenex LUX  5μ Amylose-2, 4.6 mm (80Å) x 150 mm equipped 

with a 3 x 4 mm LUX cartridge precolumn 
Solvents: Solvent A, water 

Solvent B, acetonitrile 
Flow rate:  1.0 mL/min. 
Temperature:  nominal 25 °C 
Detection:  UV at 230 nm 

Radioflow in counts 
 
Gradient #1: Time, min. %A %B 

0 65 35 
23  65 35 
25  60 40 
60  60 40 
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Gradient #2: Time, min. %A %B 
1 65 35 
20  65 35 
22  60 40 
60  60 40 
 

Gradient #3: Time, min. %A %B 
0  65 35 
20  65 35 
22  60 40 
55  60 40 
56  35 65 
61  35 65 
62  65 35 
75  65 35 
 

Gradient #4: Time, min. %A %B 
0  65 35 
20  65 35 
22  60 40 
61  60 40 
62  65 35 
75  65 35 

 
4.6    Thin-Layer Chromatography (TLC) 

 
Radioactive peak identification (confirmation) was accomplished using coincident Rf values 
of non-radiolabeled reference substances and radioactivity (2D TLC).  TLC was performed 
using pre-coated glass-backed plates coated with silica gel 60 containing a fluorescent (254 
nm) indicator (20 x 20 cm, 250 or 500μm thickness; EM Sciences).  Samples and standards 
were applied to the plates and the plates were placed into solvent-equipped rectangular 
glass developing tanks fitted with cellulose vapor saturation pads and glass lids.  Several 
solvent systems were used to develop the plates: CMT (chloroform - methanol - 
trifluoroacetic acid 90:10:0.1 (v/v/v)) and TEA (toluene – ethyl acetate – acetic acid, 5:7:1 
(v/v/v)).  After development, TLC plates were removed from the developing tank and the 
solvent allowed to evaporate in a fume hood.  Radioactive markers were placed on the 
developed plate to indicate the location of the origin and solvent front.  Short wavelength 
ultraviolet (UV) light was used to visualize standards while radiographic phosphor imaging 
was used to locate radioactivity on the TLC plate.  Typical Rf values for the reference 
standards in the TLC systems are given in Table 1 and example chromatograms can be seen 
in Appendix H. 
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Radioactivity on TLC plates was detected by autoradiography.  Air-dried TLC plates were 
wrapped in Mylar (1.5 μm, Persuasions Marketing Specialists) and placed into a cassette 
containing a low energy storage phosphor screen (20 x 25 cm).  Exposure times varied from 
several hours to several days, depending on the amount of radioactivity present on the TLC 
plate.  Following exposure, the phosphor screen was scanned in a Storm 820 
PhosphorImager.  The percent distribution of radioactivity in each chromatographic area 
was determined by the ImageQuant software program (version 4.2, Molecular Dynamics) 
or ImageQuant software program (ImageQuant TL, Version 2005). 

 
5.         CALCULATIONS 

             
Copies of representative individual sample spreadsheets containing calculations described 
in the following section are presented in Appendix I, Appendix J and Appendix K. 

 
5.1    Quantification of Volatile Radioactive Products 

 
5.1.1  14CO2 Captured in NaOH Traps 

 
Aerobic Test System:  The amount of radioactivity captured in the NaOH traps 
between application (zero time) and the time of a sampling interval represents the 
cumulative 14CO2 produced per incubation chamber during that interval. Because 
each incubation chamber has two internal NaOH and two external NaOH traps, the 
total amount of evolved 14CO2 during a specified sampling interval is calculated as 
follows: 

 
= dpm in internal traps + dpm in external traps  

 
Radioactivity (dpm) in each trap is calculated as follows: 

 
= [dpm per counted aliquot x (trap volume in mL ÷ counted aliquot volume)] 
 
Since the aerobic incubation chamber, at any sampling interval, contains a known 
number of identical samples, the amount of 14CO2 produced from a single soil 
sample is: 

  
                   Total 14CO  activity (dpm) in all NaOH traps for a sampling interval 2 

= _____________________________________________________________________________________________ 
            Number of soil samples present in the chamber for that sampling interval 
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The amount of 14CO2 produced from a single soil sample as % of applied: 
 

                                    14CO2 produced from each soil sample (dpm) 
 14CO2 (% of applied) = _____________________________________________________________ X 100 

                         Total applied per sample (dpm) 
      

The cumulative amount of 14CO2 produced from a single soil sample between 0 
DAT and 30/34 DAT is the sum of 14CO2 produced per sample at each sampling 
interval between 0 DAT and 30/34 DAT. 

 
 Cumulative amount of 14CO2 produced from a single soil sample between 0 DAT 
  and 30/34 DAT expressed as % of applied: 
 

                         Cumulative 14CO2 produced from one soil sample (dpm) 
 14CO2 as % of applied. = _________________________________________________________________________ X 100 

                   Total applied per sample (dpm) 

     
Anaerobic Test System:  The volume of each biometer NaOH trap was measured 
and three aliquots (0.5 or 1.0 mL each) from each trap were counted using LSC.  
The amount of 14CO2 produced from each soil replicate was normalized to the dry 
weight of the soil and the test substance specific activity to produce the ppm 
equivalents of [14C]S-2200 mineralized to 14CO2. 

 
           dpm 

14CO2 produced per sample = _____________   x (NaOH volume in mL) 

          0.5 or 1.0 mL 
 

Where 0.5 or 1.0 mL is the volume of the aliquot counted using LSC 
 
                                                       14CO  produced per sample (dpm) 214CO2 as % of applied = ________________________________________________________ X 100 

                                Applied radioactivity per sample (dpm)  
 

14CO2 as ppm (in S-2200 equivalents) = 
 
         14CO  produced per sample (dpm)  2 __________________________________________________________________________   

      Specific activity (dpm/μg) x soil dry wt. (g) 
 
 

5.1.2   14CH4 Present in the Biometer Flask Headspace  
 

A graduated 50-mL Gastight™ syringe equipped with a needle was used to 
withdraw a headspace sample through the sampling valve.  The headspace 
sample was injected into a Harvey Biological Oxidizer and the radioactivity 
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was quantified using LSC.  Total radioactivity in each biometer headspace was 
calculated based on the radioactivity in the oxidized sample and the total 
headspace volume of the flask.  Measured radioactivity (dpm) was converted to 
percent of applied [14C]S-2200 and ppm of S-2200 equivalents. 

 
 

14CH4 in a sample (biometer flask): 
 

  dpm 
        = _________           x  headspace volume in biometer flask (mL) 

     aliquot volume 
 

Evolved 14CH4 as % of applied radioactivity: 
 

                           Evolved 14CH  (dpm) 4
        = __________________________________________        x   100     
 Applied radioactivity per sample (dpm) 

 

Evolved 14CH4 as ppm (in S-2200 equivalents) 
 
                14CH  produced per sample (dpm)  4

= _______________________________________________________________   
     Specific activity (dpm/μg) x sample dry wt. (g) 

 
5.2    Total Radioactive Residue (TRR) in Post-Extraction Soil (PES) as Determined by 

Combustion Analysis 
 

To determine the TRR in the PES fractions, 3 sub-samples were combusted.  The 
radioactive residues of a sample (dpm/g) were calculated by dividing the radioactivity in 
each combusted sub-sample (dpm) by its weight (g).  The radioactive residues (dpm/g) for 
the 3 sub-samples was averaged to obtain the mean radioactive residue value (dpm/g).  
Total radioactivity in the soil sample was calculated by multiplying the soil wet weight (g) 
by the mean TRR value (dpm per g of wet PES).  Total radioactivity in soil was corrected 
for oxidizer efficiency (O.E.) by dividing the calculated dpm by oxidizer efficiency.  Total 
radioactive residue in the soil sample was expressed as a percentage (%) of the applied 
[14C]S-2200.  Also, the concentration (ppm) was determined based on [14C]S-2200 specific 
activity and on soil sample dry weight.  

 
            Mean dpm of triplicate standard (combusted) 

O.E. (oxidizer efficiency) =  __________________________________________________________ 
            Mean dpm of triplicate standards (not combusted) 

 
                             Sub-sample dpm  

TRR by combustion (dpm/g)  = __________________________   

                                  Sub-sample wt. (g)   
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TRR (dpm/sample)  = TRR by combustion (dpm/g) x Total sample wt (g). 
 
TRR (% of Applied) = [TRR (dpm/sample) ÷   Applied (dpm)] x 100 ÷ O.E. 

 
5.3     Recovery of Radioactivity from the HPLC Column 
 

An aliquot of the representative sample (concentrated water or soil phase extracts) was 
counted using LSC to determine the radioactivity injected (analyzed by HPLC).   The 
HPLC eluent was collected for the length of the run and an aliquot was counted using LSC.  
Total radioactivity content in the eluent was calculated.   Recovery of radioactivity from 
the HPLC column was calculated as follows: 

 
       Radioactivity in eluent (dpm) 

Recovery (%) =  _______________________________          x   100   
        Radioactivity injected (dpm) 

 
5.4    Characterization of Radioactivity in Water and Soil Extracts 
 

Concentrated water (section 4.2.7), soil (neutral and acidic extracts, sections 4.2.2 and 
4.2.8) and PES extractions (dismembrator, fulvic acid organosoluble activity, section 4.2.9) 
were analyzed by HPLC and/or 2D TLC to identify and quantify [14C]S-2200 and its 
[14C]labeled metabolites.  The primary radioactive peak identification was accomplished 
using coincident retention time of non-radiolabeled reference substances and radioactive 
peaks (HPLC analysis).  Radioactivity was detected using an in-line radioactivity detector 
or fraction collection and LSC while non-labeled standards were detected using a UV 
detector at 230 nm.   Radioactive peak area was integrated using radioflow software and 
the integration was corrected for instrument background.  Results for each peak were 
reported as percentage of total radioactivity present in all quantifiable peaks.  Values were 
reported as percentage of applied and as ppm of [14C]S-2200 equivalents based on total 
radioactivity present in the sample and [14C]S-2200 specific activity. 

 
                                                                  Area of a individual peak 

Individual Peak area (%) = _______________________________________   x 100 

                                                         Areas of all quantified peaks 
 
 
     Individual Peak area (%) x  [14C] in sample (dpm) 

[14C] in peak (dpm) = ____________________________________________________________________ 
             100 
 
[14C] in peak (% of Applied) = { [14C] in peak (dpm) ÷  Applied (dpm)} x 100 
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Peak ppm (in S-2200 equivalents)          [14C] in peak (dpm) 
                                                                =  ____________________________________________________________  
        Specific activity (dpm/μg) x sample dry wt. (g) 
5.5     Total Sample Mass Balance   
 

Sample mass balance was calculated by accounting for total radioactivity recovered from 
each sample.  The recovered radioactivity was compared to the total radioactivity applied 
to the sample. 

 
Total radioactivity recovered from analyzed samples is calculated as the sum of the 
following components: 
 

- Radioactivity in the NaOH traps 
- Radioactivity in headspace (anaerobic only) 
- Radioactivity in soil extracts  
- Radioactivity in water phase (anaerobic only) 
- Radioactivity in PES 
- Radioactivity in the Beaker or Biometer rinse (BR) 
 

Example:  14C recovered from anaerobic sample = Radioactivity in the NaOH 
traps + Radioactivity in headspace + Radioactivity in soil extracts + Radioactivity 
in water phase + Radioactivity in PES + Radioactivity in the Biometer rinse  

 
                                                                                  14C recovered from sample 

Sample mass balance (%)= _______________________________________________  x 100 

                                                                       14C applied to sample  
 

5.6     Statistical Analysis 
 
Statistical analyses included mean (average), standard deviation, and goodness of fit (r2) 
of regression analysis. 

 
5.7 Detection Limits 

 
Radioactivity in samples was quantitated by combustion and/or LSC analysis and when 
appropriate, the results were expressed as [14C]S-2200 equivalents.  The Detection Limit, 
LD, and the Minimum Quantifiable Limit, LQ, values for each set of samples were 
determined by the following equations (Reference 6): 
 

  
( )
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Where uB is the total background count (cpm x Ct), Ct is the counting time in minutes, 
and CE is the counting efficiency.  For LSC, typical background was 20 cpm based on 5-
minute counts with an average counting efficiency of 93%. For these values,  
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Based on the above example, an aliquot having a determined value below 11 dpm (net) 
does not contain detectable radioactivity.  If the determined value is equal to or greater 
than 11 dpm but less than 43 dpm, then the radioactivity is detected but not quantifiable.  
If the value is equal to or greater than 43 dpm (net), the radioactivity is both detected and 
quantifiable. 

 
5.8 Half-life and Degradation Rate Constant Calculations 
 

The dissipation DT50 for S-2200 was calculated for the aerobic phase (0 - 30/34 DAT, 3 
data points) and the anaerobic soil phase (30/34 - 329/334 DAT, 8 data points).  The 
anaerobic soil degradation phase, while an anaerobic aquatic system, cannot be 
considered equivalent to a pure anaerobic aquatic system due to the anoxic lag phase 
(conversion from aerobic to anaerobic).  The calculations were based on the assumption 
that each degradation phase followed single first-order (SFO) kinetics, 

 
C = COe-kt      Eq. 1 

 
where C is the concentration at time t, CO is the concentration at time (t) = 0, and k is the 
degradation rate constant.  The DT50 is achieved when C/CO=0.5 and Eq. 2 reduces to 

 
DT50 = 0.693/k.     Eq. 3 

 
The DT90 is achieved when C/CO=0.1 and Eq. 2 reduces to 

 
  DT90 = 2.303/k     Eq. 4 
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The rate constant, k, is obtained by plotting the (LN) concentration versus time after 
treatment using commercially available software (Excel). 

 
6. RESULTS AND DISCUSSION 

 
Physical and biological characteristics of the test system are discussed based on soil and 
water analysis as well as the results of the control substance metabolism in the test 
system under anaerobic aquatic conditions. 
 
The results of the aerobic soil metabolism of [14C]S-2200 are presented by grouping the 
radioactive degradation products into three groups: 
 
-radioactivity mineralized to 14CO2,  
-radioactive products extractable from soil, and  
-soil-bound radioactivity. 
  
The results of the anaerobic soil metabolism of [14C]S-2200 are presented by grouping 
the radioactive degradation products into four groups: 
 
 -radioactivity mineralized to 14CO2, and 14CH4,  
 -radioactive products present in water,  
 -radioactive products extractable from soil, and  
 -soil-bound radioactivity.   

 
Degradation half-lives were calculated and a degradation pathway was proposed to 
describe the fate of [14C]S-2200 under aerobic followed by anaerobic soil conditions. 
 
Reported values are expressed as percentage (%) of applied [14C]S-2200, and as 
concentration (ppm in S-2200 equivalents dosed to 50 g of dry weight soil).  Summary 
table values and graphed values are based on the arithmetic mean of two samples.   
 
6.1   Characteristics of the Test System 

 
6.1.1   Physical Characteristics of the Test System 

 
Detailed soil analysis information are presented in Table 2 and in Appendix C.  The 
terrestrial soil was classified as a loam according to the USDA classification system 
for soil.  The percentage of organic matter in the soil was 2.0%, and the Cation 
Exchange Capacity (CEC) was 8.7 meq/100g of soil.  Detailed physical 
characteristics of each test system are presented in Table 3, Table 4 and Table 5.  
The pH of the soil at the beginning of the study was 6.9 (1:1, w/v, soil/water).   The 
pH of the soil and water at the beginning of the anaerobic phase (7 days into the 
anaerobic phase, 37 DAT (RB label) or 41 DAT (SB and RP labels) averaged 6.4 
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(soil) and 6.7 (water).  In the anaerobic phase, the soil pH averaged 7.6 (RB), 7.4 
(SB) and 7.5 (RP).  In the anaerobic phase, the water pH averaged 7.9 (RB), 7.7 ( 
SB) and 7.8 (RP).  
 
6.1.2  Aerobic Conditions in the Test System 
 
On 12/2/09 (one day after dosing the SB and RP aerobic systems), several untreated 
controls (samples 1-3, 10-12) were pooled and sent to Agvise for microbial analysis.  
The microbial analyses showed these values: Actinomycetes (9,380,000 and 
12,700,000 CFU/g of dry wt. soil with a 68 - 69 hour incubation); Fungi (22,100 and 
24,400 CFU/g of dry wt. soil with a 69 hour incubation); Bacteria (2,910,000 and 
8,850,000 CFU/g of dry wt. soil with a 69 - 70 hour incubation); Microbial Biomass 
Carbon 160.2 and 181.8 μg/g dry basis.  On 12/14/09 (two days after dosing the RB 
aerobic systems), several untreated controls (samples 98-100) were pooled and sent 
to Agvise for microbial analysis.  The microbial analyses showed these values: 
Actinomycetes (4,540,000 CFU/g of dry wt. soil with 94 hour incubation); Fungi 
(31,100 CFU/g of dry wt. soil with 94 hour incubation); Bacteria (4,960,000 CFU/g 
of dry wt. soil with 94 hour incubation); Microbial Biomass Carbon 447.9 μg/g dry 
basis.  The starting microbial biomass values are higher than the recommended 
minimum value (1% of the organic carbon content).  The Penn soil had 2.0% organic 
matter (1.2% organic carbon content).  The equivalent 1% organic carbon value is 
116 μg/g.  
 
6.1.3  Anaerobic Conditions in the Test System 

 
The aerobic test systems were transferred to closed biometers and flooded with 
water at 30 (RB label) and 34 DAT (SB and RP labels).  Saturation of the pore space 
between soil particles decreases the diffusion of oxygen into the soil from the 
atmosphere.  As a result, soils that are saturated with water for many days typically 
become anaerobic.  Their free oxygen disappears and they show a decline in 
oxidation-reduction (redox) potential (Eh).  The depletion of oxygen was accelerated 
by purging the biometer systems with N2, making the systems anoxic (low oxygen 
concentration ca. 0.1 ppm, positive redox value) and by adding alfalfa.  Bioavailable 
carbon is important in wetlands as an energy source, since it drives the development 
of anaerobic and reducing conditions.  Since temperature (20 ± 2 °C in the dark) and 
bioavailable carbon (biometers amended with alfalfa) were not limiting conditions in 
the biometers, the microbes depleted the remaining oxygen that was trapped in the 
pores or dissolved in the soil solution of the saturated soil.  After the soil oxygen 
becomes depleted, a succession of anaerobic microorganisms will use compounds in 
redox reactions (including manganese, iron, and sulfate), making the system 
progressively more reduced. 
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The development of anaerobic conditions was verified by measurements of dissolved 
oxygen and oxidation-reduction potential in each sample at the time of its analysis 
Table 3, Table 4 and Table 5.  At 44 and 48 DAT (14 days into the anaerobic phase) 
the dissolved oxygen readings were low (average 0.14 ppm), while the redox 
potential was positive (average: +185 mV), indicating that the systems were anoxic.   
By ca. 260 DAT (ca. 230 days into the anaerobic phase) the dissolved oxygen 
readings were even lower (average was 0.08 ppm), while the redox potential had 
turned negative (average: -188 mV), indicating that the systems were anaerobic. 
Dissolved oxygen concentrations remained low and the redox potential remained 
negative for the remainder of the study.   These measurements indicate that the 
system became strongly anaerobic (Reference 7).  The samples exhibited physical 
symptoms of an anaerobic system, such as soil graying and gas production/cracking 
in the soil throughout the anaerobic phase. 
 
Controls were incubated in separate chambers at the same time as the SB and RP 
labels.  At 363 DAT (11/29/10), an untreated control (Treatment A), a solvent 
treated control (Treatment B) and a cold S-2200 sample (Treatment D) were 
confirmed as being anaerobic (redox potentials, -217 to -229 mV).  The samples 
were analyzed by Springborn Laboratories for anaerobic microbial content. The 
microbial values were 9.6 x 105, 7.7 x 105 and 1.1 x 106 Cfu/mL, respectively, 
indicating no significant difference between the untreated control, solvent control 
and cold S-2200 treatments.  These values were cited by the Laboratory as being 
typical for microbial soil populations under anaerobic conditions. (Appendix L). 
 
Controls were incubated in separate chambers at the same time as the RB label.  At 
368 DAT (12/17/10, the last interval), an untreated control (Treatment A) was 
confirmed as being anaerobic (redox potential, -235mV).  The sample was analyzed 
by Springborn Laboratories for anaerobic microbial content. The microbial value 
was 7.1 x 105 anaerobic colonies/gram, respectively, a value the Laboratory cited as 
being typical for microbial soil populations under anaerobic conditions. (Appendix 
L). 
 
6.1.4 Biological Viability of the Anaerobic Test System  

 
a.  Anaerobic Transformation of Control Substance [UL-14C]-D-glucose 

 
D-glucose anaerobic transformation to methane (CH4) and carbon dioxide 
(CO2) is often used to gauge the activity of methanogenic microorganisms 
and microbial viability in anaerobic systems.  Therefore, [UL-14C]-D-
glucose was used as a control substance to verify the presence and viability 
of anaerobes and methanogenic microorganisms in the test system.  
Untreated control samples were dosed on 10/21/10. At 21 days after dosing 
the dissolved O2 and redox potential results (0.03 ppm and -164 mV) 
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indicated the systems were anaerobic.   Twenty one days after treatment, an 
average of 21.7% and 6.8% of the applied [UL-14C]-D-glucose was evolved 
as 14CO2 and 14CH4, respectively (Table 6), respectively.  Soil-bound 
radioactivity was 30.6% of applied and 33.4% of applied radioactivity was 
found in the water phase.   The water and soil fractions contain [UL-14C]-D-
glucose-derived radioactivity that was assimilated into the cells or cellular 
products of the anaerobes in the system as well as sequestered 14CO2.  The 
results of the control substance metabolism indicate that the test system used 
for the study contained active anaerobic microorganisms, and a population 
of the strictest anaerobes (methanogens). 

   
6.2 Mass Balance and Distribution of Applied Radioactivity 
 

The following is a summary of the applied radioactivity distribution during the 
[benzyl-14C]S-2167 (S-2200 R-isomer, RB) aerobic and anaerobic soil phases.  
The average mass balance was 102.6% during the study.  Individual sample mass 
balances ranged from 100.1% to 105.5% during the study. 

 
Aerobic Phase (0 – 30 DAT):  The majority of the applied radioactivity (AR) was 
extractable at the end of the aerobic phase (99% of the AR at 30 DAT) and only a 
small portion was bound (5.0% of AR) or converted to 14CO2 (1.8% of AR).  The 
0, 14 and 30 DAT soils were extracted with neutral and acidic extract solutions 
and the residual soil-bound 14C-residues (PES) were determined by oxidation.  
Detailed mass balance data, presented as a percent of the applied radioactivity or 
ppm, can be found in Table 7 and Table 8.  Graphical presentations of the mass 
balance data can be found in Figure 6. 

 
Soil Phase: The soil phase (extractable plus soil-bound radioactivity) was 102% of 
the applied radioactivity at day zero and 105% at 30 DAT.  This activity was 
characterized as: 

Extractable radioactivity: Neutral extraction extracted 101% of the applied 
radioactivity at time zero and only 81% at 30 DAT.  The radioactivity became 
progressively more difficult to extract with the neutral extract and the acidic 
extract was required to attain a quantitative extraction.   
Soil-bound radioactivity: The soil-bound activity was minor at time zero, 
1.5% of AR.  As the extractability decreased the amount of soil-bound activity 
increased slightly, reaching 5% of the AR by 30 DAT.  The 30 DAT PES (the 
highest PES value for this label) was subjected to more rigorous extraction 
conditions (acidic dismembrator released 1.5% of the AR) followed by base 
extractions to release additional activity into humin (1.5% of AR), humic acid 
(0.9% of AR) and fulvic acid (1.2% of AR) fractions. 
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Evolved 14CO2:  The amount of carbon dioxide generated during the aerobic phase 
was 1.8% of the applied radioactivity. 
 

Anaerobic Soil Phase (30 – 364 DAT):  The majority of the applied radioactivity 
(AR) remained with the soil (extractable plus soil-bound radioactivity) during the 
334 days of the anaerobic phase (75% of the AR at 364 DAT).  The amount of 
mineralization to 14CO2 and/or 14CH4 was minor (3% of the AR at 364 DAT) and 
the balance of the AR remained in the water phase (23% of the AR at 364 DAT).  
After removal of the water, the 37 through 364 DAT soils were extracted with a 
neutral followed by an acidic extraction solvent and the residual soil-bound 14C-
residues (PES) were determined by oxidation.  Detailed mass balance data, 
presented as a percent of the applied radioactivity or ppm, can be found in Table 7 
and Table 8.  Graphical presentations of the mass balance data can be found in 
Figure 6. 
 
Water phase: The water phase contained 18% of the applied radioactivity at 37 
DAT (7 days anaerobic) and reached 23% of the AR at 364 DAT (334 days 
anaerobic).  
 
Soil Phase: The soil phase ranged from 83% of the applied radioactivity at 37 
DAT (7 days anaerobic) and declined to 75% at 364 DAT (334 days anaerobic).   
This soil activity was characterized as: 

Extractable radioactivity: Neutral and acidic extractions extracted 78% of 
the applied radioactivity at 37 DAT.  Over time, as the activity in the water 
phase increased, the soil extractability decreased, with only 71% of the AR 
extractable at 364 DAT.   
Soil-bound radioactivity: The soil-bound activity was 5% at 37 DAT and 
4% of the AR by 364 DAT. 

 
Evolved volatiles: This portion of radioactivity consisted of: 

14CO2:  The total amount of carbon dioxide generated during the anaerobic 
phase was 1% of the applied radioactivity. 
14CH4: The maximum amount of evolved volatiles (presumed to be methane) 
was <0.1% of applied radioactivity at 364 DAT. 

 
The following is a summary of the applied radioactivity distribution during the 
[benzyl-14C]S-2354 (S-2200 S-isomer, SB) aerobic and anaerobic soil phases.  
The average mass balance was 103.4% during the study.  Individual sample mass 
balances ranged from 100.5% to 106.3% during the study. 

 
Aerobic Phase (0 – 34 DAT):  The majority of the applied radioactivity (AR) was 
extractable at the end of the aerobic phase (95% of the AR at 34 DAT) and only a 
small portion was bound (6.4% of AR) or converted to 14CO2 (5.3% of AR).  The 
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0, 15 and 34 DAT soils were extracted with neutral and acidic extract solutions 
and the residual soil-bound 14C-residues (PES) were determined by oxidation.  
Detailed mass balance data, presented as a percent of the applied radioactivity or 
ppm, can be found in Table 9 and Table 10.  Graphical presentations of the mass 
balance data can be found in Figure 7. 

 
Soil Phase: The soil phase (extractable plus soil-bound radioactivity) was 103% of 
the applied radioactivity at day zero and 101% at 34 DAT.  This activity was 
characterized as: 

Extractable radioactivity: Neutral extraction extracted 101% of the applied 
radioactivity at time zero.  Over time, the radioactivity became slightly more 
difficult to extract, with a neutral and acidic extract required to extract 95% of 
the AR at 34 DAT.   
Soil-bound radioactivity: The soil-bound activity was minor at time zero, 
2.6% of AR.  As the extractability decreased the amount of soil-bound activity 
increased slightly, reaching 6% of the AR by 34 DAT. 
 

Evolved 14CO2:  The amount of carbon dioxide generated during the aerobic phase 
was 5.3% of the applied radioactivity. 
 
Anaerobic Soil Phase (34 – 363 DAT):  The majority of the applied radioactivity 
(AR) remained with the soil (extractable plus soil-bound radioactivity) during the 
329 days of the anaerobic phase (73% of the AR at 363 DAT).  The amount of 
mineralization to 14CO2 and/or 14CH4 was 3X higher (7.3% of the AR at 363 DAT) 
than observed in the RB label.  The balance of the AR remained in the water phase 
was 21% of the AR at 363 DAT.  After removal of the water, the 41 thru 363 DAT 
soils were extracted with a neutral followed by an acidic extraction solvent and the 
residual soil-bound 14C-residues (PES) were determined by oxidation.  The 41 
DAT PES (the highest PES value for this label) was subjected to more rigorous 
extraction conditions (acidic dismembrator released 1.4% of the AR) followed by 
base extractions to release additional activity into humin (2.2% of AR), humic acid 
(1.3% of AR) and fulvic acid (1.6% of AR) fractions.  Detailed mass balance data, 
presented as a percent of the applied radioactivity or ppm, can be found in Table 9 
and Table 10.  Graphical presentations of the mass balance data can be found in 
Figure 7. 
 
Water phase: The water phase contained 17% of the applied radioactivity at 41 
DAT (7 days anaerobic) and reached 21% of the AR at 363 DAT (329 days 
anaerobic).  
 
Soil Phase: The soil phase ranged from 83% of the applied radioactivity at 41 
DAT (7 days anaerobic) and declined to 73% at 363 DAT (329 days anaerobic).   
This soil activity was characterized as: 
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Extractable radioactivity: Neutral and acidic extractions extracted 76% of 
the applied radioactivity at 41 DAT.  Over time, as the activity in the water 
phase increased, the soil extractability decreased, with only 68% of the AR 
extractable at 363 DAT.   
Soil-bound radioactivity: The soil-bound activity was 7% at 41 DAT and 
declined to 6% of the AR by 363 DAT. 

 
Evolved volatiles: This portion of radioactivity consisted of: 

14CO2:  The total amount of carbon dioxide generated during the anaerobic 
phase was 2% of the applied radioactivity. 
14CH4: The maximum amount of evolved volatiles (presumed to be methane) 
was <0.1% of applied radioactivity at 363 DAT. 

 
The following is a summary of the applied radioactivity distribution during the 
[phenoxy-14C]S-2167 (S-2200 R-isomer, RP) aerobic and anaerobic soil phases.  
The average mass balance was 103.1% during the study.  Individual sample mass 
balances ranged from 100.1% to 106.4% during the study. 

 
Aerobic Phase (0 – 34 DAT):  The majority of the applied radioactivity (AR) was 
extractable at the end of the aerobic phase (87% of the AR at 34 DAT) and only a 
portion was bound (11.7% of AR) or converted to 14CO2 (7.1% of AR).  The 0, 15 
and 34 DAT soils were extracted with neutral and acidic extract solutions and the 
residual soil-bound 14C-residues (PES) were determined by oxidation.  Detailed 
mass balance data, presented as a percent of the applied radioactivity or ppm, can 
be found in Table 11 and Table 12.  Graphical presentations of the mass balance 
data can be found in Figure 8. 

 
Soil Phase: The soil phase (extractable plus soil-bound radioactivity) was 105% of 
the applied radioactivity at day zero and 99% at 34 DAT.  This activity was 
characterized as: 

Extractable radioactivity: Neutral extraction extracted 102% of the applied 
radioactivity at time zero.  The radioactivity became progressively more 
difficult to extract with the neutral extract and the acidic extract was required 
to extract 87% of the AR at 34 DAT.   
Soil-bound radioactivity: The soil-bound activity was minor at time zero, 
2.4% of AR.  As the extractability decreased the amount of soil-bound activity 
increased significantly, reaching 11.7% of the AR by 34 DAT. 
 

Evolved 14CO2:  The amount of carbon dioxide generated during the aerobic phase 
was 7.1% of the applied radioactivity. 
 
Anaerobic Soil Phase (34 – 363 DAT):  The majority of the applied radioactivity 
(AR) remained with the soil (extractable plus soil-bound radioactivity) during the 
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329 days of the anaerobic phase (75% of the AR at 363 DAT).  The amount of 
mineralization to 14CO2 and/or 14CH4 was 3X higher (9.6% of the AR at 363 DAT) 
than observed in the RB label.  The balance of the AR remained in the water phase 
was 17% of the AR at 363 DAT.  After removal of the water, the 41 thru 363 DAT 
soils were extracted with a neutral followed by an acidic extraction solvent and the 
residual soil-bound 14C-residues (PES) were determined by oxidation.  The 41 
DAT PES (the highest PES value) and the 363 DAT PES were subjected to more 
rigorous extraction conditions.  In the 41 DAT PES, acidic dismembrator released 
1.2% of the AR followed by base extractions to release additional activity into 
humin (3.9% of AR), humic acid (2.8% of AR) and fulvic acid (3.2% of AR) 
fractions.  Detailed mass balance data, presented as a percent of the applied 
radioactivity or ppm, can be found in Table 11 and Table 12.  Graphical 
presentations of the mass balance data can be found in Figure 8. 
 
Water phase: The water phase contained 13% of the applied radioactivity at 41 
DAT (7 days anaerobic) and reached 17% of the AR at 363 DAT (329 days 
anaerobic).  
 
Soil Phase: The soil phase ranged from 82% of the applied radioactivity at 41 
DAT (7 days anaerobic) and declined to 75% at 363 DAT (329 days anaerobic).   
This soil activity was characterized as: 

Extractable radioactivity: Neutral and acidic extractions extracted 71% of 
the applied radioactivity at 41 DAT.  Over time, as the activity in the water 
phase increased, the soil extractability decreased, with only 65% of the AR 
extractable at 363 DAT.   
Soil-bound radioactivity: The soil-bound activity was 12% at 41 DAT and 
declined to 10% of the AR by 363 DAT. 

 
Evolved volatiles: This portion of radioactivity consisted of: 

14CO2:  The total amount of carbon dioxide generated during the anaerobic 
phase was 2.5% of the applied radioactivity. 
14CH4: The maximum amount of evolved volatiles (presumed to be methane) 
was <0.1% of applied radioactivity at 363 DAT. 
 

Mass balance Summary:  All three labels had acceptable mass balances.  Trends 
were noted in neutral solvent extractability, bound residue and 14CO2 formation. 
The neutral solvent extractability was RB>SB>RP.  The bound residue formation 
was RP>SB>RB.  The 14CO2 formation was RP>SB>RB.  These trends indicate 
that the RB label (R-isomer) was slightly less susceptible to degradation (less 
mineralized, less bound residue formation) than the SB (S-isomer).  These trends 
suggest that the benzyl ring (RB and SB labels) was less susceptible to degradation 
(less mineralized, less bound residue formation) than the phenoxy ring (RP label). 
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6.3     Distribution of S-2200 in the Soil Extracts and Water 
 

Aerobic Phase:  The soil was extracted several times as described in Section 4.2.2 
to yield a neutral and an acidic extract.  The extractions were designed to 
exhaustively remove readily extractable S-2200 residues and avoid any hydrolytic 
breakdown, since S-2200 is resistant to hydrolysis under neutral (pH 7.0) and 
acidic (pH 4.0) conditions (References 8 & 9). The soil extracts were analyzed by 
HPLC-RAM as the primary method of quantitation.  TLC-autoradiography 
analysis was the second analytical method and served to confirm the identity of 
degradates. Representative TLC chromatograms confirming S-2200 are presented 
in Appendix H. 
 
S-2200 declined in all three aerobic soil systems (Figures 9 - 11).  By 30 or 34 
DAT, S-2200 had declined to 76, 77 and 73% of the AR in the RB, SB and RP soil 
extracts, respectively. 
 
The study goal was to convert the test system to anaerobic conditions after S-2200 
had degraded aerobically through one half-life or approximately 30 days 
(whichever came first).  In order to meet this goal, the conversion to anaerobic 
conditions was done at 30 and 34 DAT.  
 
Anaerobic Phase:  The water was separated from the soil and analyzed after 
partition and concentration (37 or 41 DAT) or directly after concentration (44 or 
48 DAT thru 363 or 364 DAT).  The remaining soil was extracted several times as 
described in Section 4.2.8 to yield neutral and acidic extracts.  The water and soil 
extracts were analyzed by HPLC-RAM as the primary method of quantitation.  
TLC-autoradiography analysis was the second analytical method and served to 
confirm the identity of degradates. Representative TLC chromatograms confirming 
S-2200 are presented in Appendix H. 
 
S-2200 began the anaerobic phase (at 30 or 34 DAT) with 73 to 77% of the AR 
remaining as S-2200 and declined at a slower rate than observed in the aerobic 
phase (Figures 9 - 11).   RB study: At 30 DAT, S-2200 represented 76% of the 
AR and had decreased slightly to 71% of the AR by 364 DAT. The amount of S-
2200 in the water phase increased slightly during the study, indicating that S-2200 
slowly desorbed off the soil during the anaerobic phase.  S-2200 degraded only 
slightly once anaerobic conditions were established. The data suggests that S-2200 
degradation under anaerobic conditions occurred in the soil phase.  SB study: At 
34 DAT, S-2200 represented 77% of the AR and had decreased slightly to 66% of 
the AR by 363 DAT S-2200. The amount of S-2200 in the water phase increased 
slightly during the study, indicating that S-2200 slowly desorbed off the soil 
during the anaerobic phase.  S-2200 degraded only slightly once anaerobic 
conditions were established.  The data suggests that S-2200 degradation under 
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anaerobic conditions occurred in the soil phase.  RP study: At 34 DAT, S-2200 
represented 73% of the AR and had decreased slightly to 68% of the AR by 363 
DAT S-2200. The amount of S-2200 in the water phase increased slightly during 
the study, indicating that S-2200 slowly desorbed off the soil during the anaerobic 
phase.  S-2200 degraded only slightly once anaerobic conditions were established.  
The data suggests that S-2200 degradation under anaerobic conditions occurred in 
the soil phase. 
   
The data supports the conclusion that S-2200 declined significantly faster under 
aerobic conditions than anaerobic conditions.  S-2200 declined with half-lives of 
78 - 120 days in the aerobic soil (calculated using the 0, 14 or 15 and 30 or 34 day 
time points, first-order kinetics, r2 values 0.99 - 1.00).  S-2200 continued its 
decline at a much slower rate in the anaerobic water/soil system, but meaningful 
half-lives could not be calculated.  Representative HPLC chromatograms from the 
0, 30 or 34 and 363 or 364 DAT sampling intervals (beginning, middle and end of 
the study) are presented in Appendices E, F and G. 

 
6.4     Distribution of S-2200 Degradates in the Soil Extracts and Water 
 

Aerobic Phase:  Soil extracts were analyzed by HPLC-RAM as the method of 
quantitation after extraction and concentration as described in section 4.2.2.  No 
major S-2200 degradates (>10% of the AR) were observed during the aerobic 
phase.  TLC-autoradiography analysis was used to confirm the identity of 
degradates. Representative TLC chromatograms confirming S-2200, Dx-CA-S-
2200, 2-COOH-S-2200, 5-COOH-S-2200 and MCBX are presented in Appendix 
H.  Summarized data for the RB study can be found in H Tables 13 – 17 and are 
graphically represented in Figures 12 – 14.  Summarized data for the SB study can 
be found in Tables 18 – 22 and are graphically represented in Figures 15 – 17.  
Summarized data for the RP study can be found in Tables 23 - 27 and are 
graphically represented in Figures 18 – 20. 
 
([benzyl-14C]S-2167 (S-2200 R-isomer, RB) degraded under aerobic conditions, 
to five identified degradation products, 2-COOH-S-2200 (6% of the AR) and 5-
COOH-S-2200 (8% of the AR) and De-Xy-S-2200, DX-CA-S-2200 and MCBX at 
trace amounts (≤2% of the AR).  Additionally, up to 5 unknowns were detected 
during the course of the aerobic phase, none > 2.1% of the AR (Table 17).  The 
DX-CA-S-2200, MCBX, 2-COOH-S-2200 and 5-COOH-S-2200 degradates were 
tentatively identified in the soil extracts by HPLC co-chromatography with 
authentic standards and were confirmed by 2D-TLC co-chromatography 
(Appendix H).   
 



Valent U.S.A. Corporation 
Valent Project No.  VP-37166                 Page 64  

 

  

[benzyl-14C]S-2354 (S-2200 S-isomer, SB) also degraded under aerobic 
conditions, to five identified degradation products, DX-CA-S-2200 (4% of the 
AR), 2-COOH-S-2200 (4% of the AR) and 5-COOH-S-2200 (5% of the AR) and 
De-Xy-S-2200 and MCBX at trace amounts (≤2% of the AR).  Additionally, up to 
6 unknowns were detected during the course of the aerobic phase, none > 1.9% of 
the AR (Table 22).  The DX-CA-S-2200, MCBX, 2-COOH-S-2200 and 5-COOH-
S-2200 degradates were tentatively identified in the soil extracts by HPLC co-
chromatography with authentic standards and were confirmed by 2D-TLC co-
chromatography (Appendix H).   
 
[phenoxy-14C]S-2167 (S-2200 R-isomer, RP) degraded under aerobic conditions, 
to three identified degradation products, 2-COOH-S-2200 (6% of the AR) and 5-
COOH-S-2200 (6% of the AR) and MCBX at trace amounts (~1% of the AR).  
Additionally, up to 3 unknowns were detected during the course of the aerobic 
phase, none > 1.0% of the AR (Table 27).  The MCBX, 2-COOH-S-2200 and 5-
COOH-S-2200 degradates were tentatively identified in the soil extracts by HPLC 
co-chromatography with authentic standards and were confirmed by 2D-TLC co-
chromatography (Appendix H).   
 
Anaerobic Phase:  The water was separated from the soil and analyzed after 
partition and concentration (37 or 41 DAT) or directly after concentration (44 or 
48 DAT thru 363 or 364 DAT).  The remaining soil was analyzed after extraction 
and concentration as described in section 4.2.8. No major S-2200 degradates 
(>10% of the AR) were observed during the anaerobic phase.  S-2200 and 
degradates formed under aerobic conditions degraded much slower under 
anaerobic conditions.  The soil extracts and water were analyzed by HPLC-RAM 
as the primary method of quantitation.  TLC-autoradiography analysis was used 
for confirmation of degradates.  Representative TLC chromatograms confirming S-
2200, Dx-CA-S-2200, 2-COOH-S-2200, 5-COOH-S-2200 and MCBX are 
presented in Appendix H.  Summarized data for the RB study can be found in 
Tables 13 – 17 and are graphically represented in Figures 12 – 14 Summarized 
data for the SB study can be found in Tables 18 – 22 and are graphically 
represented in Figures 15 – 17.  Summarized data for the RP study can be found in 
Tables 23 - 27 and are graphically represented in Figures 18 – 20. 
  
([benzyl-14C]S-2167 (S-2200 R-isomer, RB):  The major S-2200 degradates 
formed under aerobic conditions, 2-COOH-S-2200 and 5-COOH-S-2200 did not 
degrade under anaerobic conditions.  At 364 DAT, 2-COOH-S-2200 was 6% of 
the AR and 5-COOH-S-2200 8% of the AR.  DX-CA-S-2200 increased during the 
anaerobic phase from 2% of the AR at 30 DAT to 5% of the AR at 364 DAT.   De-
Xy-S-2200 peaked at 3% of the AR at ca. 63 days and degraded to <0.1% by the 
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end of the study.  MCBX was found at trace amounts throughout the study.  Up to 
9 unknowns were detected during the course of the anaerobic phase, none > 2.2% 
of the AR (Table 17).  The De-Xy-S-2200, DX-CA-S-2200, MCBX, 2-COOH-S-
2200 and 5-COOH-S-2200 degradates were tentatively identified in the soil 
extracts by HPLC co-chromatography with authentic standards and were 
confirmed by 2D-TLC co-chromatography (Appendix H).   
 
[benzyl-14C]S-2354 (S-2200 S-isomer, SB):  The major S-2200 degradates 
formed under aerobic conditions, DX-CA-S-2200, 2-COOH-S-2200 and 5-COOH-
S-2200 did not degrade under anaerobic conditions.  At 363 DAT, DX-CA-S-2200 
had increased to 5% of the AR, 2-COOH-S-2200 was 5% of the AR and 5-COOH-
S-2200 7% of the AR.  DX-CA-S-2200 increased during the anaerobic phase from 
4% of the AR at 34 DAT to 6% of the AR at 266 DAT.   De-Xy-S-2200 peaked at 
3% of the AR at ca. 48 days and degraded to <0.1% by the end of the study.  
MCBX increased as the soil developed towards strict anaerobic conditions and 
reached 3% of the AR at 363 DAT.  Up to 8 unknowns were detected during the 
course of the anaerobic phase, none > 3.6% of the AR (Table 22).  The De-Xy-S-
2200, DX-CA-S-2200, MCBX, 2-COOH-S-2200 and 5-COOH-S-2200 degradates 
were tentatively identified in the soil extracts by HPLC co-chromatography with 
authentic standards and were confirmed by 2D-TLC co-chromatography 
(Appendix H).  
 
[phenoxy-14C]S-2167 (S-2200 R-isomer, RP):  The major S-2200 degradates 
formed under aerobic conditions, 2-COOH-S-2200 and 5-COOH-S-2200 did not 
degrade under anaerobic conditions.  At 363 DAT, 2-COOH-S-2200 was 6% of 
the AR and 5-COOH-S-2200 8% of the AR.  MCBX was found at trace amounts 
throughout the study.  Up to 6 unknowns were detected during the course of the 
anaerobic phase, none > 0.6% of the AR (Table 27).  The MCBX, 2-COOH-S-
2200 and 5-COOH-S-2200 degradates were tentatively identified in the soil 
extracts by HPLC co-chromatography with authentic standards and were 
confirmed by 2D-TLC co-chromatography (Appendix H).  
 

6.5     Mass Balance and Distribution of the Soil-Bound Radioactivity (PES)  
 

The radioactivity remaining in soil following the neutral and acidic extractions was 
termed as post extraction soil (PES) or soil-bound radioactivity.  These 
unextractable residues reached their peak levels (5% to 12% of the AR) towards the 
end of the aerobic phase or during the earlier intervals of the anaerobic phase (0 - 
41 DAT).  The PES declined in all three radiolabels during the anaerobic phase (37, 
41 - 363, 364 DAT) to 4 to 10% of the AR (Tables 7, 9 and 11).  A 30 DAT PES 
(RB label), 41 DAT PES (RP and SB labels) and a 363 DAT PES (RP label) were 
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subjected to dismembrator extraction (5/1 methanol/0.5M HCl) (Section 4.2.9).  
The dismembrator extraction released about 1 to 2% of the AR (Table 28).  The low 
amounts of activity observed in the dismembrator analysis confirm that the neutral 
and acidic extractions were efficient.  The samples were concentrated and analyzed 
by HPLC.   The analyses were difficult due to the low activity that could be 
injected.  S-2200 was observed in trace levels and only hints of other degradates 
were detected (Table 29).  The samples were finally fractionated into humin, humic 
acid and fulvic acid (Section 4.2.9). 
  
The radioactivity remaining in the PES after the dismembrator extraction was 
fractionated into humin, humic acid and fulvic acid associated radioactive residues.  
These fractions are defined “operationally” by their solubility in alkali or acidic 
solutions:  Humin – Part of the organic soil compounds not soluble in alkali 
solutions;  Humic acid - Part of the organic soil compounds soluble in alkali 
solutions, but precipitated by acid;  Fulvic acid - Part of the organic soil compounds 
soluble in alkali and acidic solutions.  Collectively, these fractions make up the 
“soil humic substances”, which arise from the microbial and abiotic degradation of 
biomolecules (lipids, proteins, carbohydrates, lignin) and exogenous compounds 
(such as S-2200).  Slightly greater amounts of S-2200 radioactivity from the RP 
label were incorporated into the humin, humic acid and fulvic acid fractions than 
the RB and SB labels (Table 28).  Incorporation into the humin fraction reached 2% 
to 4% of the AR during the study. The humic acid incorporated activity reached 1% 
to 3% of the AR during the study.  The fulvic acid fraction contained 1% to 3% of 
the AR during the study.  Around half of the fulvic acid activity was organosoluble 
(1% of the AR).  The fulvic acid organosoluble activity was analyzed by HPLC.  
The analyses were difficult due to the low activity that could be injected. Trace 
amounts of S-2200 were observed. 
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-2200  6.6   Anaerobic Soil Degradation of S
 

S-2200 was degraded by several routes.  Oxidation of the methyl groups on the 
phenoxy ring formed 2-COOH-S-2200 and 5-COOH-S-2200.  Cleavage of the 
ether linkage formed De-Xy-S-2200, which was subsequently oxidized to DX-CA-
S-2200.  These degradates (2-COOH-S-2200, 5-COOH-S-2200, De-Xy-S-2200, 
and DX-CA-S-2200) were formed primarily during the aerobic phase and did not 
degrade significantly (except for De-Xy-S-2200) during the anaerobic phase.  o-
Demethylation of the 2-methoxy group to form MCBX was observed only under 
anaerobic conditions.  MCBX formed under anaerobic conditions appeared to be 
stable to further degradation (abiotic or biotic). Mineralization (degradation to 
bound residues unrelated to parent and 14CO2 formation) were primarily significant 
during the aerobic phase, reaching maximums of 5 - 12% of the AR. 
 
The anaerobic soil metabolism degradation pathway of S-2200 is summarized in 
Figure 21. 
 

7.       CONCLUSIONS 
 
During agricultural use, circumstances may occur where S-2200 is applied to a terrestrial soil 
that may become waterlogged and in which anaerobic conditions may develop.  S-2200 declined 
to 73 - 77% of the AR by the end of the aerobic phase (30/34 DAT), with an aerobic half-life 
estimated at 78 - 120 days.    The principal degradation routes were oxidation of the methyl 
groups on the phenoxy ring to form 2-COOH-S-2200 and 5-COOH-S-2200 and cleavage of the 
ether linkage to form De-Xy-S-2200 which oxidized to Dx-CA-S-2200   2D-TLC analyses of the 
neutral and acidic soil extracts for all three labels confirmed the degradates.  No extractable 
degradate exceeded 10% of applied radioactivity during the aerobic phase.  S-2200 continued to 
degrade during the anaerobic phase (albeit much slower than under aerobic conditions), 
declining to an average of 66 - 71% of the AR in the water phase plus soil extracts after one 
year.  As with S-2200, the concentrations of the degradates, 2-COOH-S-2200, 5-COOH-S-2200 
and DX-CA-S-2200 did not change significantly under anaerobic conditions.  Chiral HPLC 
analysis confirmed that the S-2200 R-isomer did not isomerize during the incubation.  
 
Demethylation of S-2200 to form MCBX was observed in the SB label at the end of the study 
(3% of the AR at 363 DAT), while MCBX formation in the R-isomer studies remained low (<1% 
of AR).  
 
The pattern of S-2200 decline and formation of degradates in the aerobic and anaerobic phases of 
the anaerobic soil study was similar to S-2200 aerobic soil and anaerobic aquatic studies. 
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TABLES 
 
Table 1.  Representative HPLC retention times and TLC Rf values for S-2200 and reference 

standards 
 
 

Reference Standard1 HPLC RT 
(minutes) 
Method #1

TLC 
Rf Value 
(CMT) 

TLC 
Rf Value 
(TEA) 

De-Xy-S-2200 (RB, SB) 15.5 0.52 0.24 
DX-CA-S-2200 (RB, SB) 17.6 0.13 0.17 
DMP (RP) 30.9 0.56 0.67 
2-COOH-S-2200 (RB, SB and RP) 28.9 0.50 0.35 
5-COOH-S-2200 (RB, SB and RP) 31.4 0.33 0.35 
MCBX (RB, SB and RP) 33.1 0.62 0.44 
S-2200 (RB, SB and RP) 39.4 0.70 0.49 

 
1)  Retention time and Rf values of the standards presented in this table should be viewed 
as a guide of their relative mobilities rather than representing absolute values.  The use of 
individual standards for [Benzyl-14C]S-2167 (S-2200 R-isomer) - RB, [Benzyl-14C]S-
2354 (S-2200 S-isomer) - SB, and [Phenoxy-14C]S-2167 (S-2200 R-isomer) - RP analysis 
is indicated.  HPLC retention times from chromatograms 37166X1 and RPH48D83W.  
TLC Rf values from chromatograms SB-363D-60Wc and RP-363D-84Wc. 
 
CMT = Chloroform:Methanol:Trifluoroacetic acid, 90:10:0.1 (v:v:v) 
TEA = Toluene:Ethyl acetate:Acetic acid, 5:7:1 (v:v:v) 
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Table 2.  Characteristics of the test system soil.  Soil characterization was conducted by 
AGVISE Laboratories, Inc. (Northwood, ND) 

 

Property Description 

Soil classification (USDA classification) Loam 

Soil classification (International classification) Clay Loam 

Soil classification (BBA classification) Silty Loam 

Soil texture (USDA) Sand 26%, Silt 49%, Clay 25% 

Organic matter 2.0% 

Soil pH (H2O) 6.9 

Bulk density (disturbed) 1.08 g/cm3 

1/3 bar moisture 21.3% 

Cation Exchange Capacity (CEC) 8.7 meq/100 g of dry soil 

Olsen Phosphorus 8 ppm 

Salinity (electrical conductivity) 0.20 mmhos/cm 

Sodium 7 ppm  

Calcium 907 ppm  

Magnesium 180 ppm 

Total nitrogen 0.12% 
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Table 3.  Dissolved oxygen, redox potential, and pH measurements - RB label 
 

DAT
Sample No. 48 49 Avg. 26 27 Avg. 28 29 Avg. 30 31 Avg. 33 34 Avg. 40 41 Avg.

pH (water phase) NA NA NA NA NA NA NA NA NA 6.49 6.70 6.60 6.47 6.75 6.61 7.51 7.32 7.42
pH (soil phase) NA NA NA NA NA NA NA NA NA 6.20 6.49 6.35 6.95 6.85 6.90 7.10 7.10 7.10
Dissolved Oxygen (ppm) NA NA NA NA NA NA NA NA NA 0.16 0.09 0.13 0.16 0.14 0.15 0.16 0.12 0.14
Redox potential NA NA NA NA NA NA NA NA NA 259 157 208 188 156 172 162 153 158

DAT
Sample No. 45 46 Avg. 35 42 Avg. 38 44 Avg. 36 37 Avg.

pH (water phase) 8.15 8.14 8.15 8.49 8.40 8.45 8.98 8.71 8.85 8.97 9.02 9.00
pH (soil phase) 7.60 7.42 7.51 8.23 8.06 8.15 8.32 8.42 8.37 8.77 8.83 8.80
Dissolved Oxygen (ppm) 0.04 0.06 0.05 0.06 0.16 0.11 0.06 0.07 0.07 0.06 0.03 0.05
Redox potential 123 129 126 79 93 86 -225 -145 -185 -192 -182 -187
'NA = Not analyzed.

Summary
Max Min Avg.

9.02 6.47 7.86
8.83 6.20 7.60
0.16 0.03 0.10
259 -225 54

Dissolved Oxygen (ppm)
Redox potential 

pH (water)
pH (soil)

86, 56 154, 124 259, 229 364, 334

R-[Benzyl-14C]S-2167 Sample Parameters
0 14 30, 0 37, 7 44, 14 63, 33

100100
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Table 4.  Dissolved oxygen, redox potential, and pH measurements - SB label 
 

DAT
Sample No. 50 51 Avg. 52 53 Avg. 54 55 Avg. 56 57 Avg. 61 62 Avg. 67 69 Avg.

pH (water phase) NA NA NA NA NA NA NA NA NA 6.72 6.63 6.68 5.94 6.72 6.33 7.19 7.44 7.32
pH (soil phase) NA NA NA NA NA NA NA NA NA 6.40 6.31 6.36 5.91 6.37 6.14 6.85 7.06 6.96
Dissolved Oxygen (ppm) NA NA NA NA NA NA NA NA NA 0.14 0.16 0.15 0.22 0.11 0.17 0.14 0.08 0.11
Redox potential NA NA NA NA NA NA NA NA NA 250 168 209 242 184 213 157 122 140

DAT
Sample No. 71 72 Avg. 58 65 Avg. 59 68 Avg. 60 73 Avg.

pH (water phase) 7.40 8.28 7.84 8.31 7.81 8.06 8.90 8.89 8.90 8.92 8.93 8.93
pH (soil phase) 7.01 7.72 7.37 8.18 7.58 7.88 8.24 8.29 8.27 8.52 8.52 8.52
Dissolved Oxygen (ppm) 0.09 0.09 0.09 0.09 0.18 0.14 0.09 0.06 0.08 0.01 0.35 0.18
Redox potential 118 88 103 113 121 117 -158 -184 -171 -180 -186 -183
'NA = Not analyzed.

Summary
Max Min Avg.

8.93 5.94 7.72
8.52 5.91 7.35
0.35 0.01 0.13
250 -186 61Redox potential 

266, 232 363, 32990, 56

pH (water)
pH (soil)
Dissolved Oxygen (ppm)

153, 119

34, 00 15
S-[Benzyl-14C]S-2354 Sample Parameters

64,3041, 7 48, 14
100100
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Table 5.  Dissolved oxygen, redox potential, and pH measurements - RP label 
 

DAT
Sample No. 74 75 Avg. 76 77 Avg. 78 79 Avg. 80 81 Avg. 82 83 Avg. 94 95 Avg.

pH (water phase) NA NA NA NA NA NA NA NA NA 6.83 6.93 6.88 6.76 6.95 6.86 7.51 7.58 7.55
pH (soil phase) NA NA NA NA NA NA NA NA NA 6.56 6.60 6.58 6.92 6.87 6.90 7.44 7.32 7.38
Dissolved Oxygen (ppm) NA NA NA NA NA NA NA NA NA 0.09 0.14 0.12 0.06 0.11 0.09 0.07 0.11 0.09
Redox potential NA NA NA NA NA NA NA NA NA 207 217 212 172 167 170 66 106 86

DAT
Sample No. 89 90 Avg. 93 97 Avg. 92 96 Avg. 84 88 Avg.

pH (water phase) 7.98 7.65 7.82 7.60 7.79 7.70 9.04 8.96 9.00 8.84 8.74 8.79
pH (soil phase) 7.50 7.28 7.39 7.64 7.86 7.75 8.37 8.22 8.30 8.63 8.22 8.43
Dissolved Oxygen (ppm) 0.19 0.07 0.13 0.18 0.08 0.13 0.06 0.10 0.08 0.00 0.27 0.14
Redox potential 131 164 148 117 113 115 -214 -200 -207 -183 -178 -181
'NA = Not analyzed.

Summary
Max Min Avg.

9.04 6.76 7.80
8.63 6.56 7.53
0.27 0.00 0.11
217 -214 49

R-[Phenoxy-14C]S-2167 Sample Parameters
64,3041, 7 48, 14

363, 329153, 119

34, 00 15

Redox potential 

266, 23290, 56

pH (water)
pH (soil)
Dissolved Oxygen (ppm)

100100100
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Table 6.   Dissipation of the control substance [UL-14C]-D-Glucose under anaerobic soil 
conditions (dosed at 311 days into the RB incubation) 

 
Percent of applied UL-14C-D-Glucose 

     Sample 
interval 
(days) 

Sample ID 
14CO2 

14CH4 
Water 
phase 

Soil 
phase 
(PES) 

Biometer 
rinse 

Total 

21 GLU-21D-4 21.7 6.8 33.4 30.6 NA 92.5 
        

1)  The workup method for sample #4 is described below. 
  
Procedure for sample #4: Two consecutive headspace samples were taken (15 mL, oxidized, 
14CH4 analysis). Next, the physical parameters (O2 = 0.03, redox = -164, pH water = 7.37, pH 
soil = 8.10) were taken.  The NaOH solution (contains Na2

14CO3) volume was measured and 
aliquots taken for LSC analysis.  Normally, during the course of the workup of the soil and 
water, any 14CO2 trapped in the water or soil would be lost.  Therefore, 25 mL of 0.5 M NaOH 
was added directly to the soil/water mixture to "trap" dissolved 14CO2 (as Na2

14CO3).  The 
water was decanted into a pre-weighed centrifuge bottle.  The sample was centrifuged for 20 
minutes at 7,500 rpm (10,819RCF).  The water was separated from the residual soil, volume 
measured and aliquots taken for LSC analysis.  The remaining soil phase (PES) was oxidized to 
determine residual soil activity.   
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Table 7.  Summary of the mass balance data for the RB label [benzyl-14C]S-2167 (S-2200 R-

isomer) as percent of applied radioactivity 
 

Sample No. 48 49 Avg. 26 27 Avg. 28 29 Avg. 30 31 Avg. 33 34 Avg. 40 41 Avg.
Water Phase NA NA NA NA NA NA NA NA NA 16.9 18.6 17.7 20.2 19.5 19.9 22.3 22.7 22.5
Soil extracts
     First soil ext. 100.9 100.7 100.8 87.8 86.7 87.3 81.6 80.8 81.2 63.6 60.7 62.1 58.5 57.3 57.9 57.2 55.7 56.4
     Second soil ext. NA NA NA 13.6 14.1 13.8 17.2 17.6 17.4 16.2 15.9 16.0 18.8 19.1 18.9 16.2 16.2 16.2
Total soil ext. 100.9 100.7 100.8 101.4 100.8 101.1 98.8 98.3 98.5 79.7 76.6 78.2 77.3 76.3 76.8 73.4 71.9 72.7
Soil-bound (PES) 1.4 1.5 1.5 2.2 2.2 2.2 5.0 5.0 5.0 4.6 4.6 4.6 4.3 4.3 4.3 3.6 3.8 3.7
Volatiles
     14CO2 NA NA NA 0.8 0.8 0.8 1.8 1.8 1.8 1.8 1.8 1.8 1.9 2.4 2.2 2.1 2.1 2.1
     14CH4 NA NA NA NA NA NA NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Biometer/beaker rinse NA NA NA NA NA NA NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sample balance 102.3 102.2 102.3 104.5 103.9 104.2 105.5 105.1 105.3 103.1 101.6 102.3 103.7 102.6 103.2 101.4 100.5 100.9

Sample No. 45 46 Avg. 35 42 Avg. 38 44 Avg. 36 37 Avg.
Water Phase 24.5 23.7 24.1 24.6 24.7 24.6 23.1 23.9 23.5 22.5 23.2 22.9
Soil extracts
     First soil ext. 53.0 55.4 54.2 54.9 54.7 54.8 50.3 52.3 51.3 50.6 47.3 49.0
     Second soil ext. 17.1 16.9 17.0 17.4 17.1 17.2 21.5 19.1 20.3 22.3 22.2 22.3
Total soil ext. 70.1 72.3 71.2 72.2 71.8 72.0 71.8 71.4 71.6 72.9 69.6 71.2
Soil-bound (PES) 3.9 4.0 4.0 3.5 3.8 3.6 3.8 4.0 3.9 3.9 4.5 4.2
Volatiles
     14CO2 2.2 2.3 2.2 2.6 2.6 2.6 2.8 2.8 2.8 2.7 2.9 2.8
     14CH4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Biometer/beaker rinse 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sample balance 100.8 102.3 101.6 102.9 102.9 102.9 101.5 102.1 101.8 102.1 100.1 101.1

NA = Not analyzed

Time after application (days), Time after switch to anaerobic conditions (days)
Percent of applied radioactivity in isolated fractions1

0 14 30, 02

86, 56 154, 124 259, 229

44, 14 63, 3337, 7

364, 334

1)  Duplicate samples were analyzed at each timepoint.  Sample balance was determined after the second soil extract and consisted of activity from the 
following fractions:  Total soil extract + Soil-bound (PES) + Water phase + 14CO2 + 14CH4 + Biometer rinse

2)  BaCl2 precipitation of NaOH trapped activity performed to confirm 14CO2 as Ba14CO3.

100100
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Table 8.  Summary of the mass balance data for the RB study ([benzyl-14C]S-2167 (S-2200 R-

isomer) as S-2200 equivalents (ppm, μg/g) 
 

Phase 0 14 30, 0 37, 7 44, 14 63, 33 86, 56 154, 124 259, 229 364, 334

Soil-bound 0.13 0.20 0.45 0.41 0.39 0.33 0.36 0.32 0.35 0.38
Soil Extractable 9.02 9.05 8.82 6.99 6.87 6.50 6.37 6.45 6.41 6.37
Water phase NA NA NA 1.59 1.78 2.02 2.16 2.20 2.10 2.05
14CO2 NA 0.08 0.16 0.16 0.19 0.18 0.20 0.24 0.25 0.25
14CH4 NA NA NA 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Volatiles NA 0.08 0.16 0.16 0.19 0.18 0.20 0.24 0.25 0.25
Biometer/beaker rinse NA NA NA 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sample balance 9.15 9.32 9.42 9.16 9.23 9.03 9.09 9.21 9.11 9.05
1)  Average of the duplicate samples analyzed at each timepoint.
NA = Not analyzed

Applied radioactivity in isolated fractions (ppm)1

Time after application (days), Time after switch to anaerobic conditions (days)
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Table 9.   Summary of the mass balance data for the SB study ([benzyl-14C]S-2354 
(S-2200, S-isomer) as percent of applied radioactivity 
 

Sample No. 50 51 Avg. 52 53 Avg. 54 55 Avg. 56 57 Avg. 61 62 Avg. 67 69 Avg.
Water Phase NA NA NA NA NA NA NA NA NA 15.9 17.8 16.9 17.2 18.1 17.7 19.6 20.0 19.8
Soil extracts
     First soil ext. 100.9 100.8 100.9 82.5 83.1 82.8 76.2 76.2 76.2 60.8 59.5 60.2 56.3 56.7 56.5 53.2 53.8 53.5
     Second soil ext. NA NA NA 13.1 14.3 13.7 18.6 18.1 18.4 15.2 15.5 15.4 18.6 17.3 17.9 17.0 17.3 17.2
Total soil ext. 100.9 100.8 100.9 95.6 97.3 96.5 94.8 94.3 94.6 76.1 75.0 75.5 74.9 74.0 74.5 70.2 71.1 70.7
Soil-bound (PES) 2.5 2.6 2.6 4.9 4.5 4.7 6.2 6.6 6.4 7.1 6.9 7.0 6.9 6.6 6.8 5.7 5.1 5.4
Volatiles
     14CO2 NA NA NA 3.7 3.7 3.7 5.3 5.3 5.3 5.4 5.4 5.4 5.5 5.5 5.5 5.7 5.7 5.7
     14CH4 NA NA NA NA NA NA NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Biometer/beaker rinse NA NA NA NA NA NA NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sample balance 103.4 103.5 103.4 104.2 105.5 104.8 106.3 106.1 106.2 104.4 105.2 104.8 104.6 104.2 104.4 101.3 101.9 101.6

Sample No. 71 72 Avg. 58 65 Avg. 59 68 Avg. 60 73 Avg.
Water Phase 22.2 22.0 22.1 22.7 21.0 21.9 22.9 23.3 23.1 22.3 19.7 21.0
Soil extracts
     First soil ext. 51.7 53.6 52.7 51.6 50.0 50.8 47.5 47.0 47.3 43.8 45.6 44.7
     Second soil ext. 17.7 17.5 17.6 16.6 17.4 17.0 18.7 19.3 19.0 21.5 24.2 22.9
Total soil ext. 69.4 71.1 70.3 68.1 67.4 67.8 66.2 66.3 66.3 65.3 69.8 67.5
Soil-bound (PES) 5.3 5.2 5.2 5.2 5.6 5.4 5.1 5.2 5.2 5.6 5.5 5.5
Volatiles
     14CO2 6.3 6.1 6.2 6.7 6.7 6.7 7.2 7.2 7.2 7.4 7.2 7.3
     14CH4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Biometer/beaker rinse 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sample balance 103.3 104.3 103.8 102.7 100.7 101.7 101.4 102.0 101.7 100.5 102.2 101.4

NA = Not analyzed

1)  Duplicate samples were analyzed at each timepoint.  Sample balance was determined after the second soil extract and consisted of activity from the 
following fractions:  Total soil extract + Soil-bound (PES) + Water phase + 14CO2 + 14CH4 + Biometer rinse

363, 329

2)  BaCl2 precipitation of NaOH trapped activity performed to confirm 14CO2 as Ba14CO3.

15 34, 02

90, 56 153, 119 266, 232

48, 14 64, 3041, 70
Time after application (days), Time after switch to anaerobic conditions (days)

Percent of applied radioactivity in isolated fractions1
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Table 10.  Summary of the mass balance data for the SB study ([benzyl-14C]S-2354 
 (S-2200, S-isomer) as S-2200 equivalents (ppm, μg/g) 
 

Phase 0 15 34, 0 41, 7 48, 14 64, 30 90, 56 153, 119 266, 232 363, 329

Soil-bound 0.23 0.42 0.57 0.63 0.61 0.48 0.47 0.48 0.46 0.49
Soil Extractable 9.01 8.62 8.45 6.75 6.66 6.32 6.28 6.06 5.92 6.03
Water phase NA NA NA 1.51 1.58 1.77 1.97 1.95 2.07 1.88
14CO2 NA 0.33 0.47 0.48 0.49 0.51 0.55 0.60 0.64 0.65
14CH4 NA NA NA 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Volatiles NA 0.33 0.47 0.48 0.49 0.51 0.55 0.60 0.64 0.65
Biometer/beaker rinse NA NA NA 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Sample balance 9.24 9.37 9.49 9.37 9.33 9.08 9.28 9.09 9.09 9.06
1)  Average of the duplicate samples analyzed at each timepoint.
NA = Not analyzed

Time after application (days), Time after switch to anaerobic conditions (days)
Applied radioactivity in isolated fractions (ppm)1
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Table 11.  Summary of the mass balance data for the RP study ([phenoxy-14C]S-2167 
 (S-2200, R-isomer) as percent of applied radioactivity 

 

Sample No. 74 75 Avg. 76 77 Avg. 78 79 Avg. 80 81 Avg. 82 83 Avg. 94 95 Avg.
Water Phase NA NA NA NA NA NA NA NA NA 12.9 13.1 13.0 13.8 14.9 14.4 15.9 16.2 16.0
Soil extracts
     First soil ext. 102.1 102.4 102.2 82.8 81.1 82.0 71.2 70.9 71.1 57.9 57.1 57.5 56.1 55.9 56.0 53.9 51.9 52.9
     Second soil ext. NA NA NA 10.8 11.2 11.0 15.1 16.5 15.8 14.1 12.4 13.2 15.2 14.3 14.7 14.7 15.0 14.9
Total soil ext. 102.1 102.4 102.2 93.6 92.3 93.0 86.4 87.4 86.9 72.0 69.4 70.7 71.3 70.3 70.8 68.7 66.9 67.8
Soil-bound (PES) 2.3 2.4 2.4 7.9 7.7 7.8 11.5 11.8 11.7 11.8 11.7 11.8 11.6 11.3 11.4 9.2 10.3 9.7
Volatiles
     14CO2 NA NA NA 3.9 3.9 3.9 7.1 7.1 7.1 7.3 7.3 7.3 7.4 7.4 7.4 7.6 7.6 7.6
     14CH4 NA NA NA NA NA NA NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Biometer/beaker rinse NA NA NA NA NA NA NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Sample balance 104.4 104.8 104.6 105.5 104.0 104.7 104.9 106.4 105.7 104.0 101.6 102.8 104.1 103.8 104.0 101.4 101.0 101.2

Sample No. 89 90 Avg. 93 97 Avg. 92 96 Avg. 84 88 Avg.
Water Phase 17.8 17.9 17.8 17.4 17.5 17.4 17.8 17.5 17.6 17.4 15.7 16.6
Soil extracts
     First soil ext. 51.4 51.3 51.4 50.1 50.9 50.5 43.7 45.3 44.5 43.7 42.6 43.1
     Second soil ext. 15.7 15.3 15.5 15.4 15.7 15.6 20.5 20.6 20.5 22.1 21.8 22.0
Total soil ext. 67.1 66.7 66.9 65.5 66.7 66.1 64.2 65.9 65.0 65.8 64.4 65.1
Soil-bound (PES) 10.8 11.1 11.0 9.9 9.9 9.9 10.0 9.7 9.8 9.5 9.9 9.7
Volatiles
     14CO2 8.0 8.2 8.1 8.6 8.5 8.5 9.0 9.0 9.0 9.5 9.7 9.6
     14CH4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Biometer/beaker rinse 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.2
Sample balance 103.7 103.9 103.8 101.4 102.6 102.0 100.9 102.1 101.5 102.2 100.1 101.2

NA = Not analyzed

Time after application (days), Time after switch to anaerobic conditions (days)
Percent of applied radioactivity in isolated fractions1

0 15 34, 02

90, 56 153, 119 266, 232

48, 14 64, 3041, 7

363, 329

1)  Duplicate samples were analyzed at each timepoint.  Sample balance was determined after the second soil extract and consisted of activity from the 
following fractions:  Total soil extract + Soil-bound (PES) + Water phase + 14CO2 + 14CH4 + Biometer rinse

2)  BaCl2 precipitation of NaOH trapped activity performed to confirm 14CO2 as Ba14CO3.
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Table 12.   Summary of the mass balance data for the RP study ([phenoxy-14C]S-2167 
(S-2200, R-isomer) as S-2200 equivalents (ppm, μg/g) 
 

Phase 0 15 34, 0 41, 7 48, 14 64, 30 90, 56 153, 119 266, 232 363, 329

Soil-bound 0.21 0.70 1.04 1.05 1.02 0.87 0.98 0.89 0.88 0.87
Soil Extractable 9.15 8.32 7.78 6.33 6.34 6.07 5.99 5.91 5.82 5.83
Water phase NA NA NA 1.17 1.28 1.44 1.60 1.56 1.58 1.48
14CO2 NA 0.35 0.64 0.65 0.66 0.68 0.73 0.76 0.80 0.86
14CH4 NA NA NA 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Volatiles NA 0.35 0.64 0.65 0.66 0.68 0.73 0.76 0.80 0.86
Biometer/beaker rinse NA NA NA 0.00 0.00 0.00 0.00 0.00 0.00 0.02
Sample balance 9.37 9.37 9.46 9.20 9.31 9.06 9.29 9.13 9.09 9.06
1)  Average of the duplicate samples analyzed at each timepoint.
NA = Not analyzed

Applied radioactivity in isolated fractions (ppm)1

Time after application (days), Time after switch to anaerobic conditions (days)
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Table 13.   Radioactivity distribution in neutral soil extracts for the RB anaerobic soil 
study as percent of applied radioactivity 

 

Sample No. 48 49 Avg. 26 27 Avg. 28 29 Avg. 30 31 Avg. 33 34 Avg. 40 41 Avg.
De-Xy-S-2200 0.0 0.0 0.0 0.4 0.0 0.2 1.5 1.1 1.3 0.4 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Dx-CA-S-2200 0.0 0.0 0.0 0.7 0.0 0.4 1.7 1.5 1.6 0.5 0.4 0.4 0.9 1.0 0.9 0.0 0.0 0.0
2-COOH-S-2200 0.0 0.0 0.0 2.3 2.3 2.3 4.6 4.4 4.5 2.3 1.9 2.1 1.5 1.9 1.7 1.3 1.3 1.3
5-COOH-S-2200 0.0 0.0 0.0 4.4 4.0 4.2 5.8 5.6 5.7 3.8 3.1 3.4 2.7 2.2 2.4 2.4 2.5 2.4
MCBX 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S-2200 99.6 99.2 99.4 79.2 80.0 79.6 65.6 65.1 65.4 56.2 55.3 55.7 53.5 52.2 52.8 53.4 52.0 52.7
Other unknowns 1.3 1.5 1.4 0.8 0.5 0.6 2.3 3.1 2.7 0.4 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Total 100.9 100.7 100.8 87.8 86.8 87.3 81.6 80.8 81.2 63.6 60.7 62.1 58.5 57.3 57.9 57.2 55.7 56.4

Sample No. 45 46 Avg. 35 42 Avg. 38 44 Avg. 36 37 Avg.
De-Xy-S-2200 0.0 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dx-CA-S-2200 0.7 0.5 0.6 0.5 0.7 0.6 1.2 1.2 1.2 1.4 1.9 1.7
2-COOH-S-2200 1.3 1.4 1.3 1.1 1.1 1.1 1.4 1.5 1.5 1.9 1.9 1.9
5-COOH-S-2200 2.1 2.3 2.2 1.9 1.9 1.9 2.0 2.2 2.1 2.3 2.5 2.4
MCBX 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 0.3 0.0 0.0 0.0
S-2200 48.0 49.9 49.0 50.3 50.1 50.2 45.0 46.7 45.8 44.9 41.1 43.0
Other unknowns 0.7 0.6 0.7 0.8 0.6 0.7 0.5 0.3 0.4 0.0 0.0 0.0
Total 53.0 55.4 54.22 54.9 54.7 54.8 50.3 52.3 51.3 50.6 47.3 49.0

Percent of applied radioactivity1

Time after application (days), Time after switch to anaerobic conditions (days)
0 14 30, 0 37, 7 44, 14 63, 33

1)  Duplicate samples were analyzed at each timepoint.  

86, 56 154, 124 259, 229 364, 334

100
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Table 14.   Radioactivity distribution in acidic soil extracts for the RB anaerobic soil 
 study as percent of applied radioactivity 
 

Sample No. 48 49 Avg. 26 27 Avg. 28 29 Avg. 30 31 Avg. 33 34 Avg. 40 41 Avg.
De-Xy-S-2200 NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dx-CA-S-2200 NA NA NA 1.2 1.1 1.1 0.9 0.5 0.7 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
2-COOH-S-2200 NA NA NA 0.3 0.2 0.2 1.3 1.4 1.3 0.9 0.7 0.8 1.0 1.3 1.2 0.0 0.6 0.3
5-COOH-S-2200 NA NA NA 1.7 1.5 1.6 2.7 2.7 2.7 2.4 2.2 2.3 2.6 2.8 2.7 2.3 2.1 2.2
MCBX NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S-2200 NA NA NA 9.2 9.8 9.5 10.6 11.1 10.8 11.5 12.3 11.9 13.8 14.3 14.0 13.2 12.6 12.9
Other unknowns NA NA NA 0.7 0.7 0.7 1.5 1.2 1.4 1.1 0.6 0.8 0.7 0.0 0.4 0.0 0.0 0.0
Total NA NA NA 13.1 13.4 13.2 17.0 17.0 17.0 16.1 15.8 15.9 18.1 18.5 18.3 15.5 15.3 15.4

Sample No. 45 46 Avg. 35 42 Avg. 38 44 Avg. 36 37 Avg.
De-Xy-S-2200 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Dx-CA-S-2200 0.0 0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
2-COOH-S-2200 0.4 0.4 0.4 0.3 0.4 0.3 0.4 0.5 0.4 0.5 0.5 0.5
5-COOH-S-2200 1.9 1.5 1.7 1.0 1.2 1.1 1.2 1.3 1.3 1.5 1.4 1.4
MCBX 0.3 0.3 0.3 0.2 0.2 0.2 0.4 0.3 0.3 0.0 0.4 0.2
S-2200 12.6 12.9 12.8 14.2 13.9 14.1 17.3 15.6 16.5 18.2 17.9 18.0
Other unknowns 1.4 1.3 1.3 0.8 0.9 0.9 1.3 1.3 1.3 1.6 1.1 1.3
Total 16.6 16.6 16.61 16.8 16.8 16.8 20.7 18.9 19.8 21.8 21.3 21.5

Percent of applied radioactivity1

Time after application (days), Time after switch to anaerobic conditions (days)
0 14 30, 0 37, 7 44, 14 63, 33

1)  Duplicate samples were analyzed at each timepoint.  

86, 56 154, 124 259, 229 364, 334
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Table 15.   Radioactivity distribution in total soil extracts for the RB anaerobic soil 
 study as percent of applied radioactivity 
 

Sample No. 48 49 Avg. 26 27 Avg. 28 29 Avg. 30 31 Avg. 33 34 Avg. 40 41 Avg.
De-Xy-S-2200 0.0 0.0 0.0 0.4 0.0 0.2 1.5 1.1 1.3 0.4 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Dx-CA-S-2200 0.0 0.0 0.0 1.9 1.1 1.5 2.7 2.1 2.4 0.7 0.4 0.6 0.9 1.0 0.9 0.0 0.0 0.0
2-COOH-S-2200 0.0 0.0 0.0 2.5 2.5 2.5 5.9 5.8 5.8 3.2 2.6 2.9 2.6 3.2 2.9 1.3 1.9 1.6
5-COOH-S-2200 0.0 0.0 0.0 6.1 5.5 5.8 8.4 8.2 8.3 6.2 5.3 5.8 5.2 5.0 5.1 4.7 4.6 4.6
MCBX 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S-2200 99.6 99.2 99.4 88.4 89.8 89.1 76.3 76.2 76.2 67.6 67.6 67.6 67.2 66.5 66.9 66.7 64.6 65.6
Other unknowns 1.3 1.5 1.4 1.5 1.2 1.4 3.8 4.3 4.1 1.5 0.6 1.0 0.7 0.0 0.4 0.0 0.0 0.0
Total 100.9 100.7 100.8 100.9 100.1 100.5 98.6 97.7 98.2 79.6 76.5 78.1 76.6 75.7 76.2 72.7 71.0 71.8

Sample No. 45 46 Avg. 35 42 Avg. 38 44 Avg. 36 37 Avg. 
De-Xy-S-2200 0.1 0.6 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Dx-CA-S-2200 0.7 0.5 0.6 0.6 0.7 0.6 1.2 1.2 1.2 1.4 1.9 1.7
2-COOH-S-2200 1.6 1.8 1.7 1.4 1.5 1.4 1.8 2.0 1.9 2.5 2.4 2.4
5-COOH-S-2200 4.0 3.8 3.9 3.0 3.1 3.1 3.2 3.5 3.4 3.8 3.9 3.8
MCBX 0.6 0.6 0.6 0.5 0.5 0.5 0.7 0.6 0.6 0.0 0.4 0.2
S-2200 60.6 62.9 61.7 64.6 64.1 64.3 62.3 62.2 62.3 63.1 59.0 61.0
Other unknowns 2.1 1.9 2.0 1.6 1.5 1.5 1.8 1.6 1.7 1.6 1.1 1.3
Total 69.7 72.0 70.83 71.6 71.5 71.6 71.0 71.2 71.1 72.4 68.7 70.5

63, 33

Percent of applied radioactivity1

Time after application (days), Time after switch to anaerobic conditions (days)
37, 7 44, 14

86, 56 154, 124 259, 229 364, 334

1)  Duplicate samples were analyzed at each timepoint.  

0 14 30, 0
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Table 16.   Radioactivity distribution in water extracts for the RB anaerobic soil study 

as percent of applied radioactivity 
 

Sample No. 48 49 Avg. 26 27 Avg. 28 29 Avg. 30 31 Avg. 33 34 Avg. 40 41 Avg.
De-Xy-S-2200 NA NA NA NA NA NA NA NA NA 0.0 0.0 0.0 2.6 2.4 2.5 2.7 2.2 2.5
Dx-CA-S-2200 NA NA NA NA NA NA NA NA NA 1.4 1.6 1.5 2.2 1.6 1.9 2.1 1.7 1.9
2-COOH-S-2200 NA NA NA NA NA NA NA NA NA 2.4 2.9 2.6 3.3 3.3 3.3 3.6 4.1 3.9
5-COOH-S-2200 NA NA NA NA NA NA NA NA NA 2.5 2.6 2.6 3.3 3.6 3.4 4.0 4.5 4.2
MCBX NA NA NA NA NA NA NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S-2200 NA NA NA NA NA NA NA NA NA 7.0 7.4 7.2 8.2 8.6 8.4 10.0 10.2 10.1
Other unknowns NA NA NA NA NA NA NA NA NA 1.8 2.0 1.9 0.6 0.0 0.3 0.0 0.0 0.0
Total NA NA NA NA NA NA NA NA NA 15.1 16.5 15.8 20.2 19.5 19.9 22.3 22.7 22.5

Sample No. 45 46 Avg. 35 42 Avg. 38 44 Avg. 36 37 Avg.
De-Xy-S-2200 1.4 1.4 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dx-CA-S-2200 2.8 2.8 2.8 3.8 4.1 4.0 3.6 3.9 3.8 3.6 3.9 3.8
2-COOH-S-2200 4.0 3.9 4.0 3.8 3.8 3.8 3.6 3.7 3.7 3.0 3.5 3.3
5-COOH-S-2200 4.8 4.6 4.7 4.9 5.0 5.0 4.8 5.4 5.1 4.0 5.1 4.5
MCBX 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S-2200 10.6 10.0 10.3 10.8 10.3 10.5 9.2 9.3 9.3 10.6 8.6 9.6
Other unknowns 0.8 1.0 0.9 1.3 1.4 1.4 1.9 1.5 1.7 1.4 2.1 1.8
Total 24.5 23.7 24.1 24.6 24.7 24.6 23.1 23.9 23.5 22.5 23.2 22.9

Percent of applied radioactivity1

Time after application (days), Time after switch to anaerobic conditions (days)
0 14 30, 0 37, 7 44, 14 63, 33

1)  Duplicate samples were analyzed at each timepoint.

86, 56 154, 124 259, 229 364, 334
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Table 17.   Radioactivity distribution of the RB anaerobic soil study (total soil extracts 
 and water extracts combined) as percent of applied radioactivity 
 

Sample No. 48 49 Avg. 26 27 Avg. 28 29 Avg. 30 31 Avg. 33 34 Avg. 40 41 Avg.
De-Xy-S-2200 0.0 0.0 0.0 0.4 0.0 0.2 1.5 1.1 1.3 0.4 0.0 0.2 2.6 2.4 2.5 2.7 2.2 2.5
Dx-CA-S-2200 0.0 0.0 0.0 1.9 1.1 1.5 2.7 2.1 2.4 2.1 2.0 2.1 3.1 2.6 2.8 2.1 1.7 1.9
2-COOH-S-2200 0.0 0.0 0.0 2.5 2.5 2.5 5.9 5.8 5.8 5.5 5.5 5.5 5.9 6.6 6.2 5.0 6.0 5.5
5-COOH-S-2200 0.0 0.0 0.0 6.1 5.5 5.8 8.4 8.2 8.3 8.7 7.9 8.3 8.5 8.5 8.5 8.6 9.0 8.8
MCBX 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S-2200 99.6 99.2 99.4 88.4 89.8 89.1 76.3 76.2 76.2 74.7 75.0 74.8 75.4 75.1 75.3 76.7 74.8 75.7

Other unknowns2 1.3 1.5 1.4 1.5 1.2 1.4 3.8 4.3 4.1 3.3 2.6 2.9 1.4 0.0 0.7 0.0 0.0 0.0
Total 100.9 100.7 100.8 100.9 100.1 100.5 98.6 97.7 98.2 94.8 93.0 93.9 96.9 95.3 96.1 95.0 93.7 94.4

Sample No. 45 46 Avg. 35 42 Avg. 38 44 Avg. 36 37 Avg.
De-Xy-S-2200 1.5 2.0 1.7 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Dx-CA-S-2200 3.5 3.3 3.4 4.4 4.9 4.6 4.8 5.1 5.0 5.0 5.8 5.4
2-COOH-S-2200 5.7 5.7 5.7 5.1 5.3 5.2 5.4 5.7 5.6 5.4 5.9 5.7
5-COOH-S-2200 8.8 8.4 8.6 7.9 8.2 8.0 8.0 8.9 8.4 7.8 8.9 8.4
MCBX 0.6 0.6 0.6 0.5 0.5 0.5 0.7 0.6 0.6 0.0 0.4 0.2
S-2200 71.2 72.8 72.0 75.3 74.3 74.8 71.5 71.6 71.6 73.7 67.6 70.6

Other unknowns2 2.9 2.9 2.9 2.9 2.9 2.9 3.7 3.2 3.4 3.0 3.2 3.1
Total 94.2 95.7 95.0 96.2 96.1 96.2 94.1 95.1 94.6 94.9 91.9 93.4

2)  There were a total of 5 unknowns observed during the aerobic phase (0-30 DAT), the highest individual unknown was 2.1% of the AR.  There were a total of  
9 unknowns observed during the anaerobic phase (37-364 DAT), the highest individual unknown was 2.2% of the AR.   

Percent of applied radioactivity1

Time after application (days), Time after switch to anaerobic conditions (days)
0 14 30, 0 37, 7 44, 14 63, 33

1)  Duplicate samples were analyzed at each timepoint. 

86, 56 154, 124 259, 229 364, 334
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Table 18.   Radioactivity distribution in neutral soil extracts for the SB anaerobic soil 
 study as percent of applied radioactivity 
 

Sample No. 50 51 Avg. 52 53 Avg. 54 55 Avg. 56 57 Avg. 61 62 Avg. 67 69 Avg.
De-Xy-S-2200 1.5 0.0 0.7 0.6 0.6 0.6 1.6 0.0 0.8 0.0 0.0 0.0 0.0 0.9 0.5 0.0 0.0 0.0
Dx-CA-S-2200 0.6 0.0 0.3 1.5 1.4 1.5 1.4 3.9 2.7 0.6 0.5 0.6 0.5 0.7 0.6 0.0 0.0 0.0
2-COOH-S-2200 0.0 0.0 0.0 1.6 1.3 1.4 2.5 3.0 2.8 2.0 1.7 1.8 1.5 1.7 1.6 1.9 1.5 1.7
5-COOH-S-2200 1.1 1.7 1.4 2.9 2.4 2.7 3.0 3.4 3.2 2.8 2.3 2.6 1.7 1.9 1.8 2.1 2.3 2.2
MCBX 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S-2200 93.9 94.3 94.1 75.3 77.4 76.3 67.2 64.4 65.8 55.2 54.3 54.7 52.6 51.5 52.1 49.3 50.1 49.7
Other unknowns 3.8 4.9 4.3 0.5 0.0 0.3 0.5 1.5 1.0 0.3 0.6 0.5 0.0 0.0 0.0 0.0 0.0 0.0
Total 100.9 100.8 100.9 82.5 83.1 82.8 76.2 76.2 76.2 60.9 59.5 60.2 56.3 56.7 56.5 53.2 53.8 53.5

Sample No. 71 72 Avg. 58 65 Avg. 59 68 Avg. 60 73 Avg.
De-Xy-S-2200 0.0 0.5 0.3 0.3 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Dx-CA-S-2200 0.7 0.7 0.7 0.5 0.7 0.6 1.5 1.4 1.5 1.6 1.3 1.4
2-COOH-S-2200 1.5 1.3 1.4 1.1 1.3 1.2 1.5 1.2 1.3 1.5 1.3 1.4
5-COOH-S-2200 2.1 1.7 1.9 1.4 1.9 1.6 1.9 1.5 1.7 1.8 1.8 1.8
MCBX 0.0 0.0 0.0 0.2 0.3 0.2 0.5 0.5 0.5 0.9 1.3 1.1
S-2200 47.5 49.1 48.3 47.6 45.0 46.3 42.1 41.9 42.0 37.9 39.9 38.9
Other unknowns 0.0 0.3 0.2 0.5 0.7 0.6 0.0 0.4 0.2 0.0 0.0 0.0
Total 51.7 53.6 52.7 51.6 50.0 50.8 47.5 47.0 47.3 43.8 45.6 44.7
1)  Duplicate samples were analyzed at each timepoint.  

90, 56 153, 119 266, 232 363, 329

Percent of applied radioactivity1

Time after application (days), Time after switch to anaerobic conditions (days)
0 15 34, 0 41, 7 48, 14 64, 30

100
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Table 19.   Radioactivity distribution in acidic soil extracts for the SB anaerobic soil 
 study as percent of applied radioactivity 
 

Sample No. 50 51 Avg. 52 53 Avg. 54 55 Avg. 56 57 Avg. 61 62 Avg. 67 69 Avg.
De-Xy-S-2200 NA NA NA 0.0 0.8 0.4 1.5 0.0 0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dx-CA-S-2200 NA NA NA 1.5 0.6 1.1 0.9 2.2 1.5 0.0 0.0 0.0 0.4 0.0 0.2 0.0 0.0 0.0
2-COOH-S-2200 NA NA NA 0.4 0.4 0.4 1.0 1.1 1.0 0.9 0.9 0.9 0.9 1.1 1.0 0.0 0.0 0.0
5-COOH-S-2200 NA NA NA 1.0 0.9 1.0 1.7 1.7 1.7 1.8 2.0 1.9 2.2 2.4 2.3 1.9 2.0 1.9
MCBX NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.2 0.0 0.0 0.0
S-2200 NA NA NA 9.1 10.2 9.7 12.0 10.9 11.5 11.8 11.2 11.5 11.3 12.0 11.6 14.1 14.4 14.2
Other unknowns NA NA NA 1.0 0.8 0.9 0.7 1.4 1.0 1.2 1.0 1.1 2.0 0.5 1.3 0.0 0.0 0.0
Total NA NA NA 13.0 13.8 13.4 17.8 17.2 17.5 15.6 15.2 15.4 17.2 16.1 16.7 15.9 16.4 16.2

Sample No. 71 72 Avg. 58 65 Avg. 59 68 Avg. 60 73 Avg
De-Xy-S-2200 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dx-CA-S-2200 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2-COOH-S-2200 0.7 0.4 0.6 0.3 0.5 0.4 0.5 0.4 0.4 0.5 0.0 0.3
5-COOH-S-2200 2.0 1.2 1.6 0.8 1.4 1.1 1.1 1.1 1.1 1.6 1.7 1.6
MCBX 0.0 0.0 0.0 0.2 0.2 0.2 0.0 0.5 0.3 0.9 1.2 1.1
S-2200 13.5 14.1 13.8 14.1 13.6 13.8 15.3 15.6 15.5 18.5 19.4 19.0
Other unknowns 1.6 1.3 1.4 0.8 1.1 0.9 1.5 1.5 1.5 1.5 2.1 1.8
Total 17.8 16.9 17.35 16.1 16.8 16.48 18.3 19.1 18.7 23.1 24.4 23.73
1)  Duplicate samples were analyzed at each timepoint.  

90, 56 153, 119 266, 232 363, 329

Time after application (days), Time after switch to anaerobic conditions (days)
0 15 34, 0 41, 7 48, 14 64, 30

Percent of applied radioactivity1
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Table 20.   Radioactivity distribution in total soil extracts for the SB anaerobic soil 
 study as percent of applied radioactivity 
 

Sample No. 50 51 Avg. 52 53 Avg. 54 55 Avg. 56 57 Avg. 61 62 Avg. 67 69 Avg.
De-Xy-S-2200 1.5 0.0 0.7 0.6 1.5 1.0 3.1 0.0 1.5 0.0 0.0 0.0 0.0 0.9 0.5 0.0 0.0 0.0
Dx-CA-S-2200 0.6 0.0 0.3 3.1 2.0 2.5 2.3 6.1 4.2 0.6 0.5 0.6 1.0 0.7 0.8 0.0 0.0 0.0
2-COOH-S-2200 0.0 0.0 0.0 2.0 1.7 1.8 3.5 4.1 3.8 2.9 2.6 2.7 2.4 2.9 2.6 1.9 1.5 1.7
5-COOH-S-2200 1.1 1.7 1.4 3.9 3.3 3.6 4.8 5.0 4.9 4.6 4.4 4.5 3.8 4.3 4.1 4.0 4.3 4.1
MCBX 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.2 0.0 0.0 0.0
S-2200 93.9 94.3 94.1 84.4 87.6 86.0 79.2 75.3 77.3 67.0 65.5 66.2 63.9 63.5 63.7 63.3 64.4 63.9
Other unknowns 3.8 4.9 4.3 1.5 0.8 1.2 1.2 2.9 2.0 1.5 1.6 1.5 2.0 0.5 1.3 0.0 0.0 0.0
Total 100.9 100.8 100.9 95.5 96.9 96.2 94.0 93.4 93.7 76.5 74.7 75.6 73.5 72.9 73.2 69.2 70.2 69.7

Sample No. 71 72 Avg. 58 65 Avg. 59 68 Avg. 60 73 Avg.
De-Xy-S-2200 0.0 0.5 0.3 0.3 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Dx-CA-S-2200 0.7 0.7 0.7 0.5 0.7 0.6 1.5 1.4 1.5 1.6 1.3 1.4
2-COOH-S-2200 2.2 1.7 1.9 1.4 1.9 1.6 2.0 1.6 1.8 2.1 1.3 1.7
5-COOH-S-2200 4.1 2.8 3.4 2.2 3.3 2.7 3.0 2.7 2.8 3.4 3.5 3.4
MCBX 0.0 0.0 0.0 0.5 0.4 0.4 0.5 1.0 0.8 1.8 2.5 2.2
S-2200 61.0 63.2 62.1 61.6 58.7 60.2 57.5 57.5 57.5 56.4 59.3 57.9
Other unknowns 1.6 1.6 1.6 1.3 1.8 1.5 1.5 1.9 1.7 1.5 2.1 1.8
Total 69.5 70.5 70.01 67.7 66.8 67.28 65.9 66.1 65.96 66.8 70.0 68.40

64, 30

Percent of applied radioactivity1

Time after application (days), Time after switch to anaerobic conditions (days)
41, 7 48, 14

90, 56 153, 119 266, 232 363, 329

1)  Duplicate samples were analyzed at each timepoint.  

0 15 34, 0
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Table 21.   Radioactivity distribution in water extracts for the SB anaerobic soil study 

as percent of applied radioactivity 
 

Sample No. 50 51 Avg. 52 53 Avg. 54 55 Avg. 56 57 Avg. 61 62 Avg. 67 69 Avg.
De-Xy-S-2200 NA NA NA NA NA NA NA NA NA 1.1 1.2 1.1 2.9 2.7 2.8 1.9 2.6 2.2
Dx-CA-S-2200 NA NA NA NA NA NA NA NA NA 1.4 1.8 1.6 2.5 2.4 2.5 2.8 2.2 2.5
2-COOH-S-2200 NA NA NA NA NA NA NA NA NA 2.2 2.3 2.2 2.5 2.5 2.5 3.5 3.0 3.2
5-COOH-S-2200 NA NA NA NA NA NA NA NA NA 1.8 1.9 1.8 1.9 2.3 2.1 3.0 2.9 3.0
MCBX NA NA NA NA NA NA NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S-2200 NA NA NA NA NA NA NA NA NA 7.3 8.0 7.6 6.6 8.1 7.4 8.4 9.3 8.9
Other unknowns NA NA NA NA NA NA NA NA NA 1.3 0.9 1.1 0.6 0.0 0.3 0.0 0.0 0.0
Total NA NA NA NA NA NA NA NA NA 15.0 16.1 15.6 17.2 18.1 17.7 19.6 20.0 19.8

Sample No. 71 72 Avg. 58 65 Avg. 59 68 Avg. 60 73 Avg.
De-Xy-S-2200 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dx-CA-S-2200 1.8 1.2 1.5 4.3 4.6 4.4 4.6 4.6 4.6 4.4 3.7 4.0
2-COOH-S-2200 3.3 3.1 3.2 3.0 3.1 3.1 3.5 3.2 3.3 3.4 2.5 2.9
5-COOH-S-2200 3.3 3.1 3.2 3.4 3.5 3.4 3.9 3.9 3.9 3.7 2.9 3.3
MCBX 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.4 0.4
S-2200 9.1 10.9 10.0 10.3 8.7 9.5 9.1 9.4 9.2 8.5 8.3 8.4
Other unknowns 4.6 3.7 4.2 1.7 1.1 1.4 1.8 2.3 2.1 1.9 2.0 2.0
Total 22.2 22.0 22.1 22.7 21.0 21.9 22.9 23.3 23.1 22.3 19.7 21.0

64, 30
Time after application (days), Time after switch to anaerobic conditions (days)

0 15 34, 0 41, 7

363, 329

1)  Duplicate samples were analyzed at each timepoint.

153, 119 266, 232

Percent of applied radioactivity1

90, 56

48, 14
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Table 22.   Radioactivity distribution of the SB anaerobic soil study (total soil extracts 
 and water extracts combined) as percent of applied radioactivity 
 

Sample No. 50 51 Avg. 52 53 Avg. 54 55 Avg. 56 57 Avg. 61 62 Avg. 67 69 Avg.
De-Xy-S-2200 1.5 0.0 0.7 0.6 1.5 1.0 3.1 0.0 1.5 1.1 1.2 1.1 2.9 3.6 3.3 1.9 2.6 2.2
Dx-CA-S-2200 0.6 0.0 0.3 3.1 2.0 2.5 2.3 6.1 4.2 2.0 2.3 2.1 3.5 3.1 3.3 2.8 2.2 2.5
2-COOH-S-2200 0.0 0.0 0.0 2.0 1.7 1.8 3.5 4.1 3.8 5.0 5.0 5.0 4.9 5.4 5.1 5.4 4.5 4.9
5-COOH-S-2200 1.1 1.7 1.4 3.9 3.3 3.6 4.8 5.0 4.9 6.4 6.3 6.3 5.8 6.6 6.2 7.0 7.2 7.1
MCBX 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.2 0.0 0.0 0.0
S-2200 93.9 94.3 94.1 84.4 87.6 86.0 79.2 75.3 77.3 74.3 73.5 73.9 70.5 71.7 71.1 71.7 73.7 72.7

Other unknowns2 3.8 4.9 4.3 1.5 0.8 1.2 1.2 2.9 2.0 2.8 2.6 2.7 2.6 0.5 1.6 0.0 0.0 0.0
Total 100.9 100.8 100.9 95.5 96.9 96.2 94.0 93.4 93.7 91.5 90.8 91.1 90.7 90.9 90.8 88.8 90.2 89.5

Sample No. 71 72 Avg. 58 65 Avg. 59 68 Avg. 60 73 Avg.
De-Xy-S-2200 0.0 0.5 0.3 0.3 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Dx-CA-S-2200 2.4 1.9 2.1 4.8 5.3 5.0 6.2 6.0 6.1 6.0 4.9 5.5
2-COOH-S-2200 5.5 4.8 5.2 4.4 5.0 4.7 5.4 4.8 5.1 5.5 3.8 4.6
5-COOH-S-2200 7.4 5.9 6.6 5.6 6.7 6.2 6.9 6.5 6.7 7.1 6.3 6.7
MCBX 0.0 0.0 0.0 0.5 0.4 0.4 0.5 1.0 0.8 2.2 2.9 2.5
S-2200 70.1 74.1 72.1 72.0 67.4 69.7 66.5 66.9 66.7 64.9 67.6 66.3

Other unknowns2 6.2 5.3 5.8 3.0 2.9 2.9 3.3 4.2 3.7 3.5 4.1 3.8
Total 91.7 92.5 92.1 90.4 87.8 89.1 88.8 89.4 89.1 89.1 89.7 89.4

2)  There were a total of 6 unknowns observed during the aerobic phase (0-34 DAT), the highest individual unknown was 1.9% of the AR.  There were a total 
of  8 unknowns observed during the anaerobic phase (41-363 DAT), the highest individual unknown was 3.6% of the AR.

Time after application (days), Time after switch to anaerobic conditions (days)
0 34, 0 41, 7

1)  Duplicate samples were analyzed at each timepoint. 

90, 56 153, 119 266, 232

64, 3015

363, 329

48, 14

Percent of applied radioactivity1
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Table 23.   Radioactivity distribution in neutral soil extracts for the RP anaerobic soil 
 study as percent of applied radioactivity 
 

Sample No. 74 75 Avg. 76 77 Avg. 78 79 Avg. 80 81 Avg. 82 83 Avg. 94 95 Avg.
DMP NA NA NA NA NA NA NA NA NA NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0
2-COOH-S-2200 0.0 1.0 0.5 2.6 2.9 2.7 4.1 4.0 4.0 2.2 1.9 2.0 1.7 1.4 1.5 2.1 1.5 1.8
5-COOH-S-2200 1.2 1.1 1.2 3.7 4.1 3.9 4.4 4.1 4.2 2.8 2.7 2.8 2.2 1.8 2.0 2.5 2.1 2.3
MCBX 0.6 0.5 0.5 0.0 0.0 0.0 0.0 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S-2200 98.3 98.4 98.3 75.8 73.7 74.8 61.9 61.6 61.7 52.9 52.0 52.5 51.9 52.8 52.3 49.3 48.3 48.8
Other unknowns 2.0 1.4 1.7 0.7 0.4 0.5 1.0 0.8 0.9 0.0 0.0 0.0 0.3 0.0 0.2 0.0 0.0 0.0
Total 102.1 102.4 102.2 82.8 81.1 82.0 71.2 70.9 71.1 57.9 56.6 57.3 56.1 55.9 56.0 53.9 51.9 52.9

Sample No. 89 90 Avg. 93 97 Avg. 92 96 Avg. 84 88 Avg.
DMP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2-COOH-S-2200 1.6 1.7 1.6 1.5 1.6 1.5 1.4 1.6 1.5 1.7 1.4 1.6
5-COOH-S-2200 2.2 1.9 2.1 2.1 2.1 2.1 2.0 1.8 1.9 2.2 2.0 2.1
MCBX 0.3 0.5 0.4 0.3 0.3 0.3 0.4 0.4 0.4 0.0 0.7 0.3
S-2200 46.9 47.3 47.1 45.6 46.5 46.0 39.4 40.5 39.9 39.8 38.4 39.1
Other unknowns 0.4 0.0 0.2 0.6 0.5 0.6 0.5 1.0 0.8 0.0 0.0 0.0
Total 51.4 51.3 51.4 50.1 50.9 50.5 43.7 45.3 44.5 43.7 42.6 43.1

NA = Not analyzed

Percent of applied radioactivity1

Time after application (days), Time after switch to anaerobic conditions (days)
0 15 34, 0 41, 7 48, 14 64, 30

1)  Duplicate samples were analyzed at each timepoint.  

90, 56 153, 119 266, 232 363, 329

100

100
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Table 24.   Radioactivity distribution in acidic soil extracts for the RP anaerobic soil 
 study as percent of applied radioactivity 
 

Sample No. 74 75 Avg. 76 77 Avg. 78 79 Avg. 80 81 Avg. 82 83 Avg. 94 95 Avg.
DMP NA NA NA NA NA NA NA NA NA NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0
2-COOH-S-2200 NA NA NA 0.6 0.5 0.5 1.6 1.8 1.7 1.5 1.1 1.3 0.0 1.3 0.6 0.0 0.0 0.0
5-COOH-S-2200 NA NA NA 1.2 1.4 1.3 2.1 2.2 2.2 2.0 1.7 1.8 1.6 2.3 2.0 1.9 1.8 1.9
MCBX NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S-2200 NA NA NA 8.7 8.8 8.8 10.6 11.5 11.0 10.3 9.1 9.7 12.7 9.8 11.2 12.0 12.2 12.1
Other unknowns NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total NA NA NA 10.5 10.7 10.6 14.4 15.5 14.9 13.8 11.9 12.8 14.3 13.4 13.8 13.8 14.1 14.0

Sample No. 89 90 Avg. 93 97 Avg. 92 96 Avg. 84 88 Avg.
DMP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.2 0.0 0.0 0.0
2-COOH-S-2200 1.0 0.8 0.9 0.5 0.6 0.6 0.6 0.7 0.6 0.8 0.8 0.8
5-COOH-S-2200 1.6 1.7 1.7 1.3 1.3 1.3 1.2 1.3 1.3 1.4 1.6 1.5
MCBX 0.0 0.0 0.0 0.3 0.2 0.2 0.0 0.4 0.2 1.0 0.0 0.5
S-2200 13.3 12.1 12.7 12.8 13.0 12.9 17.5 17.7 17.6 20.6 20.5 20.6
Other unknowns 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.3 0.5 0.0 0.3
Total 15.9 14.6 15.2 14.9 15.0 14.9 19.9 20.5 20.2 24.3 22.9 23.6

NA = Not analyzed

Percent of applied radioactivity1

34, 0 41, 7 48, 14 64, 30

1)  Duplicate samples were analyzed at each timepoint.  

90, 56 153, 119 266, 232 363, 329

Time after application (days), Time after switch to anaerobic conditions (days)

0 15
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Table 25.   Radioactivity distribution in total soil extracts for the RP anaerobic soil 
 study as percent of applied radioactivity 
 

Sample No. 74 75 Avg. 76 77 Avg. 78 79 Avg. 80 81 Avg. 82 83 Avg. 94 95 Avg.
DMP NA NA NA NA NA NA NA NA NA NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0
2-COOH-S-2200 0.0 1.0 0.5 3.2 3.3 3.3 5.7 5.8 5.8 3.7 3.0 3.3 1.7 2.6 2.2 2.1 1.5 1.8
5-COOH-S-2200 1.2 1.1 1.2 4.9 5.6 5.2 6.5 6.3 6.4 4.8 4.5 4.6 3.8 4.1 4.0 4.4 3.9 4.2
MCBX 0.6 0.5 0.5 0.0 0.0 0.0 0.0 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S-2200 98.3 98.4 98.3 84.6 82.5 83.5 72.4 73.1 72.8 63.3 61.1 62.2 64.5 62.5 63.5 61.2 60.6 60.9
Other unknowns 2.0 1.4 1.7 0.7 0.4 0.5 1.0 0.8 0.9 0.0 0.0 0.0 0.3 0.0 0.2 0.0 0.0 0.0
Total 102.1 102.4 102.2 93.3 91.8 92.6 85.6 86.4 86.0 71.7 68.5 70.1 70.4 69.3 69.9 67.8 66.0 66.9

Sample No. 89 90 Avg. 93 97 Avg. 92 96 Avg. 84 88 Avg. 
DMP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.2 0.0 0.0 0.0
2-COOH-S-2200 2.5 2.5 2.5 2.0 2.1 2.1 2.0 2.2 2.1 2.6 2.3 2.4
5-COOH-S-2200 3.8 3.7 3.7 3.4 3.3 3.4 3.3 3.1 3.2 3.5 3.6 3.6
MCBX 0.3 0.5 0.4 0.5 0.5 0.5 0.4 0.8 0.6 1.0 0.7 0.8
S-2200 60.2 59.3 59.8 58.4 59.4 58.9 56.9 58.2 57.5 60.4 59.0 59.7
Other unknowns 0.4 0.0 0.2 0.6 0.5 0.6 1.1 1.0 1.0 0.5 0.0 0.3
Total 67.2 65.9 66.6 65.0 65.9 65.4 63.7 65.8 64.7 68.0 65.5 66.8

NA = Not analyzed

Percent of applied radioactivity1

Time after application (days), Time after switch to anaerobic conditions (days)

48, 14

90, 56 153, 119 266, 232 363, 329

64, 30

1)  Duplicate samples were analyzed at each timepoint.  

0 15 34, 0 41, 7
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Table 26.   Radioactivity distribution in water extracts for the RP anaerobic soil study 

as percent of applied radioactivity 
 

Sample No. 74 75 Avg. 76 77 Avg. 78 79 Avg. 80 81 Avg. 82 83 Avg. 94 95 Avg.
DMP NA NA NA NA NA NA NA NA NA NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0
2-COOH-S-2200 NA NA NA NA NA NA NA NA NA 2.6 3.1 2.9 3.1 3.6 3.4 3.3 3.3 3.3
5-COOH-S-2200 NA NA NA NA NA NA NA NA NA 2.3 2.3 2.3 2.9 3.2 3.0 4.0 3.9 3.9
MCBX NA NA NA NA NA NA NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S-2200 NA NA NA NA NA NA NA NA NA 6.9 7.1 7.0 7.8 8.1 8.0 8.6 9.0 8.8
Other unknowns NA NA NA NA NA NA NA NA NA 0.4 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0
Total NA NA NA NA NA NA NA NA NA 12.3 12.6 12.4 13.8 14.9 14.4 15.9 16.2 16.0

Sample No. 89 90 Avg. 93 97 Avg. 92 96 Avg. 84 88 Avg.
DMP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2-COOH-S-2200 3.9 3.8 3.8 3.6 3.8 3.7 4.0 3.6 3.8 3.6 3.3 3.4
5-COOH-S-2200 4.2 4.0 4.1 4.0 4.0 4.0 4.6 4.5 4.5 4.3 3.9 4.1
MCBX 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S-2200 9.7 10.0 9.9 9.8 9.7 9.7 8.9 9.0 8.9 9.2 8.0 8.6
Other unknowns 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.4 0.4 0.4 0.5 0.5
Total 17.8 17.9 17.8 17.4 17.5 17.4 17.8 17.5 17.6 17.4 15.7 16.6

NA = Not analyzed
1)  Duplicate samples were analyzed at each timepoint.

90, 56 153, 119 266, 232 363, 329

Percent of applied radioactivity1

Time after application (days), Time after switch to anaerobic conditions (days)
0 15 34, 0 41, 7 48, 14 64, 30
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Table 27.   Radioactivity distribution of the RP anaerobic soil study (total soil extracts 

and water extracts combined) as percent of applied radioactivity 
 

Sample No. 74 75 Avg. 76 77 Avg. 78 79 Avg. 80 81 Avg. 82 83 Avg. 94 95 Avg.
DMP NA NA NA NA NA NA NA NA NA NA NA NA 0.0 0.0 0.0 0.0 0.0 0.0
2-COOH-S-2200 0.0 1.0 0.5 3.2 3.3 3.3 5.7 5.8 5.8 6.2 6.1 6.2 4.8 6.2 5.5 5.5 4.8 5.1
5-COOH-S-2200 1.2 1.1 1.2 4.9 5.6 5.2 6.5 6.3 6.4 7.1 6.8 6.9 6.7 7.3 7.0 8.4 7.8 8.1
MCBX 0.6 0.5 0.5 0.0 0.0 0.0 0.0 0.4 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S-2200 98.3 98.4 98.3 84.6 82.5 83.5 72.4 73.1 72.8 70.2 68.2 69.2 72.3 70.7 71.5 69.8 69.5 69.7
Other unknowns2 2.0 1.4 1.7 0.7 0.4 0.5 1.0 0.8 0.9 0.4 0.0 0.2 0.3 0.0 0.2 0.0 0.0 0.0
Total 102.1 102.4 102.2 93.3 91.8 92.6 85.6 86.4 86.0 84.0 81.1 82.5 84.2 84.2 84.2 83.7 82.1 82.9

Sample No. 89 90 Avg. 93 97 Avg. 92 96 Avg. 84 88 Avg.
DMP 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.2 0.0 0.0 0.0
2-COOH-S-2200 6.4 6.3 6.4 5.7 5.9 5.8 6.0 5.9 5.9 6.1 5.6 5.8
5-COOH-S-2200 8.0 7.7 7.8 7.4 7.3 7.4 7.9 7.5 7.7 7.9 7.5 7.7
MCBX 0.3 0.5 0.4 0.5 0.5 0.5 0.4 0.8 0.6 1.0 0.7 0.8
S-2200 69.9 69.4 69.6 68.2 69.1 68.7 65.8 67.2 66.5 69.6 67.0 68.3
Other unknowns2 0.4 0.0 0.2 0.6 0.5 0.6 1.4 1.5 1.4 0.9 0.5 0.7
Total 85.0 83.8 84.4 82.4 83.3 82.9 81.4 83.3 82.4 85.4 81.2 83.3

NA = Not analyzed

2)  There were a total of 3 unknowns observed during the aerobic phase (0-34 DAT), the highest individual unknown was 1.0% of the AR.  There were a total 
of  6 unknowns observed during the anaerobic phase (41-363 DAT), the highest individual unknown was 0.6% of the AR.

1)  Duplicate samples were analyzed at each timepoint. 

90, 56 153, 119 266, 232 363, 329

Percent of applied radioactivity1

Time after application (days), Time after switch to anaerobic conditions (days)
0 15 34, 0 41, 7 48, 14 64, 30
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Table 28.  Summary of the mass balance data for the anaerobic soil study soil-bound activity as 

percent of applied radioactivity 
 

Sample ID
Starting Sediment-
bound (PES) 5.0 7.1 11.7 9.9

Dismembrator extract1 1.5 1.4 1.2 0.9
Humin (PFD) 1.5 2.2 3.9 3.6
Humic acid (HA) 0.9 1.3 2.8 2.7
Fulvic acid (FA) 1.2 1.6 3.2 2.1

FA organosoluble 0.8 0.8 1.4 0.8
FA aqueous 0.4 0.7 1.7 1.2
Total recovery2 5.1 6.5 11.2 9.3

Mass balance (%) 100.8 91.4 95.4 94.6

2)  Total recovery = Dismembrator extract + Humin + Humic acid + Fulvic acid

Percent of applied radioactivity in the PES

1) Selected sediment-bound residues (PES) were sequentially subjected to a dismembrator extraction (5/1 
methanol/0.5M HCl, 15 minute pulsing) prior to a final Humin, Humic acid, Fulvic acid fractionation.  

RB 30D-28 SB 41D-56 RP 41D-81 RP 363D-88
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Table 29.   Radioactivity released from the anaerobic soil PES by Dismembrator extraction as 

percent of applied radioactivity 
 

Sample ID
DMP NA NA 0.0 0.0
De-Xy-S-2200 0.0 0.0 NA NA
Dx-CA-S-2200 0.0 0.0 NA NA
2-COOH-S-2200 0.0 0.0 0.0 0.2
5-COOH-S-2200 0.4 0.0 0.2 0.0
MCBX 0.4 0.1 0.0 0.0
S-2200 0.4 0.7 0.3 0.3
Other unknowns 0.4 0.5 0.8 0.4
Total 1.5 1.4 1.2 0.9

NA = Not applicable

Percent of applied radioactivity1

1)  Duplicate samples were analyzed at each timepoint.  A dismembrator extraction was conducted on PES prior to 
a final Humin, Humic acid, Fulvic acid fractionation.

SB 41D-56 RP 41D-81 RP 363D-88RB 30D-28
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Table 30.  Decline of S-2200 under anaerobic conditions in water and soil 
 
S-2200 rate estimate - Pseudo first order assumed (w/o fractionation S-2200)
RB label (combined soil extracts or soil extract plus water residues)

S-2200 ln(S-2200) K (hr-1) t1/2 (hrs) t1/2 (days) t1/2 (years) R2

Days Hours
remaining 

(%)

-0.0003692 1877.2 78.2 0.21 0.9961
0 0 99.4 4.5989

14 336 89.1 4.4896
30 720 76.2 4.3338

-0.0000083 83373.0 3473.9 9.51 0.6953
0 0 76.2 4.3338
7 168 74.8 4.3154

14 336 75.3 4.3212
33 792 75.7 4.3270
56 1344 72.0 4.2768
124 2976 74.8 4.3153
229 5496 71.6 4.2706
334 8016 70.6 4.2573

Anaerobic Phase

Aerobic Phase

Exposure time

 
  
S-2200 rate estimate - Pseudo first order assumed (w/o fractionation S-2200)
SB label (combined soil extracts or soil extract plus water residues)

S-2200 ln(S-2200) K (hr-1) t1/2 (hrs) t1/2 (days) t1/2 (years) R2

Days Hours
remaining 

(%)

-0.0002413 2872.0 119.7 0.33 0.9997
0 0 94.1 4.5442

15 360 86.0 4.4545
34 816 77.3 4.3471

-0.0000157 44069.3 1836.2 5.03 0.7956
0 0 77.3 4.3471
7 168 73.9 4.3024

14 336 71.1 4.2639
30 720 72.7 4.2866
56 1344 72.1 4.2782
119 2856 69.7 4.2440
232 5568 66.7 4.2003
329 7896 66.3 4.1939

Exposure time

Aerobic Phase

Anaerobic Phase
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Table 30 (continued).  Decline of S-2200 under anaerobic conditions in water and soil 
 
S-2200 rate estimate - Pseudo first order assumed (w/o fractionation S-2200)
RP label (combined soil extracts or soil extract plus water residues)

S-2200 ln(S-2200) K (hr-1) t1/2 (hrs) t1/2 (days) t1/2 (years) R2

Days Hours
remaining 

(%)

-0.0003661 1892.7 78.9 0.22 0.9867
0 0 98.3 4.5883

15 360 83.5 4.4253
34 816 72.8 4.2872

-0.0000069 100486.8 4187.0 11.46 0.5241
0 0 72.8 4.2872
7 168 69.2 4.2370

14 336 71.5 4.2697
30 720 69.7 4.2439
56 1344 69.6 4.2432
119 2856 68.7 4.2290
232 5568 66.5 4.1968
329 7896 68.3 4.2236

Exposure time

Aerobic Phase

Anaerobic Phase

 
 

 



Valent U.S.A. Corporation 
Valent Project No.  VP-37166                 Page 100  

 

  

FIGURES 
 

Figure 1.    Schematic representation of the aerobic incubation apparatus showing locations of 
the soil sample and volatiles traps. The units were placed in an incubation chamber at 20 ± 2 °C 

and in the dark. 
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Figure 2.  A schematic of the anaerobic incubation apparatus (biometer flask) showing the two 

chambers housing the test system and the NaOH solution used to absorb evolved CO2.  
Also shown is the syringe valve used for the anaerobic treatment application and 
headspace gas sampling  
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Figure 3.  Summary of aerobic sample processing procedure 
 
 

Sample  

NaOH trap sampling
and LSC counting 

Sample transfer to a
 centrifuge bottle 

Extraction with neutral organic 
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Total radioactivity present in sample (mass balance) 
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Post extraction soil 
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Figure 4.  Summary of anaerobic sample processing procedure 
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Figure 5.    Flowchart summary of PES residues fractionation 

Post Extraction Soil  (following organic solvents extractions) 

Soxhlet and/or Dismembrator extraction with methanol: 0.5 M HCl (5:1, v:v). 
Centrifuge (10 min at 7,500 RPM) 

Extraction with 0.5 M NaOH for 16 hr.  Centrifugation (20 min at 7,500 RPM) 

Supernatant, LSC 
and quantification 

NaOH Supernatant 
(Humic and fulvic acids) 

 
Soil debris (Humin)  

HPLC radiochemical analysis 

HCl is used to adjust pH 
(pH ~1), 1 hour 

Centrifugation  
(20 min at 7,500 rpm) 

Fulvic acid Supernatant  
(partition into organic) 

Precipitate 
Humic acids 

Combustion analysis 
and quantification 

Fulvic acid - Organosoluble 
LSC, then concentrate by 

rotaryevaporation 

Combustion analysis 
and quantification 

Fulvic acid – Aqueous 
LSC counting and quantification 
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Figure 6. Summary of water, soil extracts, volatiles and soil-bound radioactivity for the RB 

anaerobic soil study (aerobic phase ended at 30 days) 
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Figure 7.     Summary of water, soil extracts, volatiles and soil-bound radioactivity for 
SB anaerobic soil study (aerobic phase ended at 34 days)    
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Figure 8.    Summary of water, soil extracts, volatiles and soil-bound radioactivity for 
RP anaerobic soil study (aerobic phase ended at 34 days) 
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Figure 9.   Dissipation of S-2200 from the soil phase of the three anaerobic soil studies - 
 neutral and acidic Extracts (aerobic phase ended at 30 or 34 days) 

 

0

10

20

30

40

50

60

70

80

90

100

0 30 60 90 120 150 180 210 240 270 300 330 360

Time after Application (Days)

%
 o

f 
A

p
p

li
ed

 R
ad

io
ac

ti
vi

ty

S-2200 (RB label)

S-2200 (SB label)

S-2200 (RP label)

 
 
 
 

 
 



Valent U.S.A. Corporation 
Valent Project No.  VP-37166                 Page 109  

 

  

 
Figure 10.    Dissipation of S-2200 from the water phase of the three anaerobic soil studies 
(aerobic phase ended at 30 or 34 days) 
 

0

5

10

15

20

25

0 30 60 90 120 150 180 210 240 270 300 330 360

Time after Application (Days)

%
 o

f 
A

p
p

li
ed

 R
ad

io
ac

ti
vi

ty S-2200 (RB label)

S-2200 (SB label)

S-2200 (RP label)

 
 
 
 
 
 
 



Valent U.S.A. Corporation 
Valent Project No.  VP-37166                 Page 110  

 

  

 
Figure 11.  Dissipation of S-2200 from the three anaerobic soil studies (total soil extracts and 
water extracts combined (aerobic phase ended at 30 or 34 days) 
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Figure 12.  Formation and decline of S-2200 degradates in the soil of the RB anaerobic soil study 
- neutral and acidic extracts (aerobic phase ended at 30 days) 

 

0

2

4

6

8

10

12

0 30 60 90 120 150 180 210 240 270 300 330 360

Time after Application (Days)

%
 o

f A
p

p
lie

d
 R

ad
io

ac
tiv

ity

De-Xy-S-2200

Dx-CA-S-2200

2-COOH-S-2200

5-COOH-S-2200

MCBX

 



Valent U.S.A. Corporation 
Valent Project No.  VP-37166                 Page 112  

 

  

Figure 13.  Formation and decline of S-2200 degradates in the water phase of the RB anaerobic 
soil study - (aerobic phase ended at 30 days) 
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Figure 14.  Formation and decline of S-2200 degradates in RB anaerobic soil study (total soil 
extracts and water extracts combined) - (aerobic phase ended at 30 days) 
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Figure 15.  Formation and decline of S-2200 degradates in the soil of the SB anaerobic soil study 
- neutral and acidic extracts (aerobic phase ended at 34 days) 

 

0

1

2

3

4

5

6

7

0 30 60 90 120 150 180 210 240 270 300 330 360

Time after Application (Days)

%
 o

f 
A

p
p

lie
d

 R
ad

io
ac

ti
vi

ty

De-Xy-S-2200
Dx-CA-S-2200
2-COOH-S-2200
5-COOH-S-2200
MCBX

 



Valent U.S.A. Corporation 
Valent Project No.  VP-37166                 Page 115  

 

  

Figure 16.  Formation and decline of S-2200 degradates in the water phase of the SB anaerobic 
soil study - (aerobic phase ended at 34 days) 
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Figure 17.  Formation and decline of S-2200 degradates in SB anaerobic soil study (total soil 
 extracts and water extracts combined) - (aerobic phase ended at 34 days) 
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 Figure 18.  Formation and decline of S-2200 degradates in the soil of the RP anaerobic soil 
study - neutral and acidic extracts (aerobic phase ended at 34 days) 
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Figure 19.  Formation and decline of S-2200 degradates in the water phase of the RP anaerobic 
soil study - (aerobic phase ended at 34 days) 
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Figure 20.  Formation and decline of S-2200 degradates in RP anaerobic soil study (total soil 
extracts and water extracts combined) - (aerobic phase ended at 34 days) 
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Figure 21.  Proposed anaerobic soil degradation pathway of S-2200 
(Compounds were primarily formed during the aerobic phase) 
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Appendix A.  Study Protocol, Amendments and Deviations 
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Appendix B.  Analytical Reference Standards 
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Appendix C.  Soil Characterization Reports 
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Appendix D.  Test Substance Radiochemical Purity and Dosing Solution Data 

 
HPLC analysis of [benzyl-14C]S-2167 (S-2200 R-isomer, RB) dosing solution (401G) - Radio 
and UV chromatograms  
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Appendix D.  Test Substance Radiochemical Purity and Dosing Solution Data 

 
HPLC analysis of [benzyl-14C]S-2354 (S-2200 S-isomer, SB) dosing solution (400D) – Radio 
and UV chromatograms 
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Appendix D.  Test Substance Radiochemical Purity and Dosing Solution Data 
 
HPLC analysis of [phenoxy-14C]S-2167 (S-2200 R-isomer, RP) dosing solution (404D) – Radio 
and UV chromatograms 
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Appendix E [benzyl-14C]S-2167 (S-2200 R-isomer, RB)  HPLC Chromatograms 
 
Item #1.  Radioactive and UV HPLC chromatograms for RB-0DAT-48N – 0 DAT neutral soil 
extract.  Sample represents 100.9% of the applied dose.  Cold standards co-injected. 
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Appendix E [benzyl-14C]S-2167 (S-2200 R-isomer, RB)  HPLC Chromatograms 
 
Item #2.  Radioactive and UV HPLC chromatograms for RB-30DAT-28N – 30 DAT neutral 
soil extract.  Sample represents 81.6% of the applied dose.  Cold standards co-injected. 
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Appendix E [benzyl-14C]S-2167 (S-2200 R-isomer, RB)  HPLC Chromatogram 
 
Item #3 Radioactive and UV HPLC chromatograms for RB-30DAT-28A – 30 DAT acidic soil 
organic extract.  Sample represents 17.0% of the applied dose. Cold standards co-injected. 
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Appendix E [benzyl-14C]S-2167 (S-2200 R-isomer, RB)  HPLC Chromatogram 
 
Item #4.  Radioactive and UV HPLC chromatograms for RB-364DAT-36N – 364 DAT neutral 
soil extract.  Sample represents 50.6% of the applied dose.  Cold standards co-injected. 
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Appendix E [benzyl-14C]S-2167 (S-2200 R-isomer, RB)  HPLC Chromatogram 
 
Item #5 Radioactive and UV HPLC chromatograms for RB-364DAT-36A – 364 DAT acidic soil 
organic extract.  Sample represents 21.8% of the applied dose.  Cold standards coinjected. 
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Appendix E [benzyl-14C]S-2167 (S-2200 R-isomer, RB)  HPLC Chromatogram 
 
Item #6.  Radioactive and UV HPLC chromatograms for RB-364DAT-36W – 364 DAT water 
phase.  Sample represents 22.5% of the applied dose.  Cold standards coinjected. 
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Appendix E [benzyl-14C]S-2167 (S-2200 R-isomer, RB)  HPLC Chromatogram 
 
Item #7 Radioactive and UV HPLC chromatograms for RB-30DAT-28D – 30 DAT 
dismembrator released extract.  Sample represents 1.5% of the applied dose.  Cold standards 
coinjected.   Compounds observed: S-2200, MCBX, hint of 5-COOH. 
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 Appendix F [benzyl-14C]S-2354 (S-2200 S-isomer, SB)  HPLC Chromatograms 
 
Item #1.  Radioactive and UV HPLC chromatograms for SB-0DAT-50N – 0 DAT neutral soil 
extract.  Sample represents 100.9% of the applied dose.  Cold standards co-injected. 
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Appendix F [benzyl-14C]S-2354 (S-2200 S-isomer, SB)  HPLC Chromatograms 
 
Item #2 Radioactive and UV HPLC chromatograms for SB-34DAT-54N – 34 DAT neutral soil 
extract.  Sample represents 76.2% of the applied dose. Cold standards co-injected. 
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Appendix F [benzyl-14C]S-2354 (S-2200 S-isomer, SB)  HPLC Chromatograms 
 
Item #3.  Radioactive and UV HPLC chromatograms for SB-34DAT-54A – 34 DAT acidic 
soil organic extract.  Sample represents 17.8% of the applied dose.  Cold standards co-
injected. 
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Appendix F [benzyl-14C]S-2354 (S-2200 S-isomer, SB)  HPLC Chromatograms 
 
Item #4 Radioactive and UV HPLC chromatograms for SB-363DAT-60N – 363 DAT neutral 
soil extract.  Sample represents 43.8% of the applied dose.  Cold standards coinjected. 
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Appendix F [benzyl-14C]S-2354 (S-2200 S-isomer, SB)  HPLC Chromatograms 
 
Item #5.  Radioactive and UV HPLC chromatograms for SB-363DAT-60A – 363 DAT acidic 
soil organic extract.  Sample represents 23.1% of the applied dose.  Cold standards coinjected. 
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Appendix F [benzyl-14C]S-2354 (S-2200 S-isomer, SB)  HPLC Chromatograms 
 
Item #6 Radioactive and UV HPLC chromatograms for SB-363DAT-60W – 363 DAT water 
phase.  Sample represents 22.3% of the applied dose.  Cold standards coinjected. 
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Appendix F [benzyl-14C]S-2354 (S-2200 S-isomer, SB)  HPLC Chromatograms 
 
Item #7.  Radioactive and UV HPLC chromatograms for SB-41DAT-56D – 41 DAT 
dismembrator released extract.  Sample represents 1.4% of the applied dose.  Cold standards 
coinjected.   Compounds observed: S-2200, hint of MCBX. 
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Appendix G [phenoxy-14C]S-2167 (S-2200 R-isomer, RP)  HPLC Chromatograms 
 
Item #1.  Radioactive and UV HPLC chromatograms for RP-0DAT-74N – 0 DAT neutral soil 
extract.  Sample represents 102.1% of the applied dose.  Cold standards co-injected. 
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Appendix G [phenoxy-14C]S-2167 (S-2200 R-isomer, RP)  HPLC Chromatograms 
 
Item #2 Radioactive and UV HPLC chromatograms for RP-34DAT-78N – 34 DAT neutral soil 
extract.  Sample represents 71.2% of the applied dose. Cold standards co-injected. 
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 Appendix G [phenoxy-14C]S-2167 (S-2200 R-isomer, RP)  HPLC Chromatograms 
 
Item #3 Radioactive and UV HPLC chromatograms for RP-34DAT-78A – 34 DAT acidic soil 
organic extract.  Sample represents 14.4% of the applied dose.  Cold standards coinjected. 
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Appendix G [phenoxy-14C]S-2167 (S-2200 R-isomer, RP)  HPLC Chromatograms 
 
Item #4.  Radioactive and UV HPLC chromatograms for RP-363DAT-84N – 363 DAT neutral 
soil extract.  Sample represents 43.7% of the applied dose.  Cold standards coinjected. 
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Appendix G [phenoxy-14C]S-2167 (S-2200 R-isomer, RP)  HPLC Chromatograms 
 
Item #5 Radioactive and UV HPLC chromatograms for RP-363DAT-84A – 363 DAT acidic soil 
organic extract.  Sample represents 24.3% of the applied dose.  Cold standards coinjected. 
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Appendix G [phenoxy-14C]S-2167 (S-2200 R-isomer, RP)  HPLC Chromatograms 
 
Item #6 Radioactive and UV HPLC chromatograms for RP-363DAT-84W – 363 DAT water 
phase.  Sample represents 17.4% of the applied dose.  Cold standards coinjected. 
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Appendix G [phenoxy-14C]S-2167 (S-2200 R-isomer, RP)  HPLC Chromatograms 
 
Item #7 Radioactive and UV HPLC chromatograms for RP-363DAT-88D – 363 DAT 
dismembrator released extract.  Sample represents 0.9% of the applied dose.  Cold standards 
coinjected.   Compounds observed: S-2200, hint of 2-COOH. 
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 Appendix H Confirmation Data:  2D TLC, Chiral HPLC. 
 

Figure 1 – 2D TLC Radiochromatogram for R-[Benzyl-14C]S-2167 water fraction (364 DAT) 
fraction.  Sample co-spotted with cold stds.  First direction.  Chloroform:Methanol:TFA 
(90:10:0.1); Second direction.  Toluene:Ethyl acetate:Acetic acid (5:7:1).  Sample represents 
23% of the dose.  Confirms S-2200 (48% of plate activity), Dx-CA (13%), 2-COOH-S-2200 
(13%) and 5-COOH-S-2200 (17%). 
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Appendix H Confirmation Data:  2D TLC, Chiral HPLC. 
 

Figure 2 – 2D TLC Radiochromatogram for R-[Benzyl-14C]S-2167 neutral fraction (364 DAT) 
fraction.  Sample co-spotted with cold stds.  First direction.  Chloroform:Methanol:TFA 
(90:10:0.1); Second direction.  Toluene:Ethyl acetate:Acetic acid (5:7:1).  Sample represents 
51% of the dose.  Confirms S-2200 (92% of plate activity), Dx-CA (2%), 2-COOH-S-2200 (2%), 
5-COOH-S-2200 (3%) and MCBX (0.3%). 
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Appendix H Confirmation Data:  2D TLC, Chiral HPLC. 
 

Figure 3 – 2D TLC Radiochromatogram for R-[Benzyl-14C]S-2167 acidic fraction (364 DAT) 
fraction.  Sample co-spotted with cold stds.  First direction.  Chloroform:Methanol:TFA 
(90:10:0.1); Second direction.  Toluene:Ethyl acetate: Acetic acid (5:7:1).  Sample represents 
22% of the dose.  Confirms S-2200 (83% of plate activity), Dx-CA (0.4%), 2-COOH-S-2200 
(1%), 5-COOH-S-2200 (4%) and MCBX (0.9%). 
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Appendix H Confirmation Data:  2D TLC, Chiral HPLC. 
 

Figure 4 – 2D TLC Radiochromatogram for S-[Benzyl-14C]S-2354 water fraction (363 DAT) 
fraction.  Sample co-spotted with cold stds.  First direction.  Chloroform:Methanol:TFA 
(90:10:0.1); Second direction.  Toluene:Ethyl acetate: Acetic acid (5:7:1).  Sample represents 
22% of the dose.  Confirms S-2200 (38% of plate activity), 2-COOH-S-2200 (15%), 5-COOH-S-
2200 (17%), Dx-CA-S-2200 (18%) and MCBX (1%, faint). 
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Appendix H Confirmation Data:  2D TLC, Chiral HPLC. 
 

Figure 5 – 2D TLC Radiochromatogram for S-[Benzyl-14C]S-2354 neutral fraction (363 DAT) 
fraction.  Sample co-spotted with cold stds.  First direction.  Chloroform:Methanol:TFA 
(90:10:0.1); Second direction.  Toluene:Ethyl acetate: Acetic acid (5:7:1).  Sample represents 
44% of the dose.  Confirms S-2200 (91% of plate activity), 2-COOH-S-2200 (2%), 5-COOH-S-
2200 (3%), Dx-CA-S-2200 (2%) and MCBX (1%). 
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Appendix H Confirmation Data:  2D TLC, Chiral HPLC. 
 

Figure 6 – 2D TLC Radiochromatogram for S-[Benzyl-14C]S-2354 acidic fraction (363 DAT) 
fraction.  Sample co-spotted with cold stds.  First direction.  Chloroform:Methanol:TFA 
(90:10:0.1); Second direction.  Toluene:Ethyl acetate: Acetic acid (5:7:1).  Sample represents 
23% of the dose.  Confirms S-2200 (86% of plate activity), 2-COOH-S-2200 (1%), 5-COOH-S-
2200 (4%), Dx-CA-S-2200 (1%) and MCBX (2%). 
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Appendix H Confirmation Data:  2D TLC, Chiral HPLC. 
 

Figure 7 – 2D TLC Radiochromatogram for R-[Phenoxy-14C]S-2167 water fraction (363 DAT) 
fraction.  Sample co-spotted with cold stds.  First direction.  Chloroform:Methanol:TFA 
(90:10:0.1); Second direction.  Toluene:Ethyl acetate: Acetic acid (5:7:1).  Sample represents 
17% of the dose.  Confirms S-2200 (54% of plate activity), 2-COOH-S-2200 (19%) and 5-
COOH-S-2200 (21%). 

 



Valent U.S.A. Corporation 
Valent Project No.  VP-37166                 Page 187  

 

  

Appendix H Confirmation Data:  2D TLC, Chiral HPLC 
 

Figure 8 – 2D TLC Radiochromatogram for R-[Phenoxy-14C]S-2167 neutral fraction (363 DAT) 
fraction.  Sample co-spotted with cold stds.  First direction.  Chloroform:Methanol:TFA 
(90:10:0.1); Second direction.  Toluene:Ethyl acetate: Acetic acid (5:7:1).  Sample represents 
44% of the dose.  Confirms S-2200 (93% of plate activity), 2-COOH-S-2200 (3%), 5-COOH-S-
2200 (4%) and MCBX (0.4%). 
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Appendix H Confirmation Data:  2D TLC, Chiral HPLC 
 

Figure 9 – 2D TLC Radiochromatogram for R-[Phenoxy-14C]S-2167 acidic fraction (363 DAT) 
fraction.  Sample co-spotted with cold stds.  First direction.  Chloroform:Methanol:TFA 
(90:10:0.1); Second direction.  Toluene:Ethyl acetate: Acetic acid (5:7:1).  Sample represents 
24% of the dose.  Confirms S-2200 (88% of plate activity), 2-COOH-S-2200 (1%), 5-COOH-S-
2200 (6%) and MCBX (1%). 
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Appendix H Confirmation Data:  2D TLC, Chiral HPLC 
 
Item #10.  Chiral Radioactive and UV HPLC chromatograms for RB-364DAT-37N – 364 DAT 
neutral soil extract.  Sample represents 47% of the applied dose.  Cold standards coinjected.  No 
isomerization of S-2200 detected. 
 

 



Valent U.S.A. Corporation 
Valent Project No.  VP-37166                 Page 190  

 

  

Appendix H Confirmation Data:  2D TLC, Chiral HPLC 
 
Item #11.  Chiral Radioactive and UV HPLC chromatograms for RB-364DAT-37A – 364 DAT 
acidic soil organic extract.  Sample represents 21% of the applied dose.  Cold standards 
coinjected.  No isomerization of S-2200 detected. 
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Appendix H Confirmation Data:  2D TLC, Chiral HPLC 
 
Item #12.  Chiral Radioactive and UV HPLC chromatograms for SB-363DAT-73N – 363 DAT 
neutral soil extract.  Sample represents 46% of the applied dose.  Cold standards coinjected.  No 
isomerization of S-2200 detected.  Hint of S-MCBX detected. 
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Appendix H Confirmation Data:  2D TLC, Chiral HPLC 
 
Item #13.  Chiral Radioactive and UV HPLC chromatograms for SB-363DAT-37A – 363 DAT 
acidic soil organic extract.  Sample represents 24% of the applied dose.  Cold standards 
coinjected.  No isomerization of S-2200 detected.  
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Appendix H Confirmation Data:  2D TLC, Chiral HPLC 
 
Item #14.  Chiral Radioactive and UV HPLC chromatograms for RP-363DAT-84N – 363 DAT 
neutral soil extract.  Sample represents 44% of the applied dose.  Cold standards coinjected.  No 
isomerization of S-2200 detected.  
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Appendix H Confirmation Data:  2D TLC, Chiral HPLC 
 
Item #15.  Chiral Radioactive and UV HPLC chromatograms for RP-363DAT-84A – 363 DAT 
acidic soil organic extract.  Sample represents 24% of the applied dose.  Cold standards 
coinjected.  No isomerization of S-2200 detected.  
 

kgohr
Inserted Text
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Appendix I Representative Data: ([benzyl-14C]S-2167 (S-2200 R-isomer, RB) Exposure 
 
Excel spreadsheet data for 0, 30 and 364 DAT samples 
 
 
 
Sample ID: R-Be-0D-48 S-2200 Anaerobic Soil Degradation Study (V-09-37166)

Label: [(R)-benzyl-14C]S-2167 401G SA (dpm/ug): 57151 Sampling Date:

DAT: 0 Soil: Baptistown, NJ (Penn Series - Loam) 

Applied 14C (dpm) pH

25568700 NA

Sample Headspace Headspace
Headspace volume (mL) injected

data NA NA

Evolved 14CO2 Aliquot dpm Trap dpm

data NA NA

Soil  Phase Empty Sample & Sample Total dpm/total dpm/g Sample 
data Tube wt. tube wt. (g) Net wt. oxidized (g) oxidized dpm1

PES after neutral extraction 50.30 118.53 68.23 1.14 6083 5341 366592

Extraction of the Sample Aliquot Sample
soil phase Vol. (mL) dpm dpm

1st extract (neutral) 290 88965 25799850

2nd extract (acidic) NA NA NA

Sample Balance
Biometer/beaker rinse PES

NA NA NA 1.43

1) Total dpm corrected for the oxidation efficiency.  NA = Not analyzed. 0.994

8.95

Sample initial conditions and weights (before incubation) Sample parameters (after incubation)
Dissolved O2 (ppm) Redox potential (mV)Applied14

C-S-2200 (ppm) Soil dry wt. (g) Init. water added (mL)

50 NA NA

Headspace injectionHeadspace LSC Total sample 
% of applied

dpm  headspace (dpm)

NA

14CO2

Aliquot counted (mL)

NA

Reference No.

NA

LSC ref No. 

NA

LSC 

14CH4

(mL)

100.90

NA

Trap NaOH Volume (mL)

NA NA

1.0 Y95-Y97

Soil extract

NA

% of applied

NA

% of 
applied
1.43

% of applied
LSC

Reference No.
Y199-Y201

Total

100.90

NA NA NA

12/14/2009

Aliquot counted
Reference No.

102.34

% of appl.
Post extraction soil
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Appendix I Representative Data: ([benzyl-14C]S-2167 (S-2200 R-isomer, RB) Exposure 
 
Excel spreadsheet data for 0, 30 and 364 DAT samples 
 
 
 
Sample ID: R-Be-0D-48 S-2200 Anaerobic Soil Degradation Study (V-09-37166)

Label: [(R)-benzyl-14C]S-2167 401G SA (dpm/ug): 57151 Sampling Date:
DAT: 0 Soil: 'Baptistown, NJ (Penn Series - Loam) 

HPLC  analysis Total

Compound (tR)
% of appl. 

In soil
(minutes) % area dpm % appl. % area dpm % appl.

De-Xy 0.00
Dx-CA 0.00
2-COOH 0.00
5-COOH 0.00
MCBX 0.00
34.10 0.83 214139 0.84 0.84
36.24 0.47 121259 0.47 0.47
S-2200, 39.39 98.70 25464452 99.59 99.59
Total unknowns 1.31 1.31
2D TLC confirmation

Unknown Summary
Soil extract Unknowns: 1.31 % of applied
Total Unknowns 2 1.31 % of applied
Highest single Unknown 0.84 % of applied

Extraction Method
Neutral extraction:  Extract the soil 2X with 150 mL of 9:1 (v:v) acetone/water.

12/14/2009

Soil phase

1st extract (neutral) 2nd extract (acidic)
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Appendix I Representative Data: ([benzyl-14C]S-2167 (S-2200 R-isomer, RB) Exposure 
 
Excel spreadsheet data for 0, 30 and 364 DAT samples 
 
 
 
Sample ID: R-Be-30D-28 S-2200 Anaerobic Soil Degradation Study (V-09-37166)

Label: [(R)-benzyl-14C]S-2167 401G SA (dpm/ug): 57151 Sampling Date:

DAT: 30 Soil: Baptistown, NJ (Penn Series - Loam) 

Applied 14C (dpm) pH

25568700 NA

Sample Headspace Headspace
Headspace volume (mL) injected

data NA NA

Evolved 14CO2 Aliquot dpm Trap dpm

data NA NA

Soil  Phase Empty Sample & Sample Total dpm/total dpm/g Sample 
data Tube wt. tube wt. (g) Net wt. oxidized (g) oxidized dpm1

PES after acidic extraction 50.06 118.74 68.68 1.53 28534 18625 1281751

Extraction of the Sample Aliquot Sample
soil phase Vol. (mL) dpm dpm

1st extract (neutral) 280 74505 20861400

2nd extract (acidic) 390 11261 4391790

acid partition (aqueous) 36 969 34884

acid partition (organic) 340 12791 4348940

Sample Balance
Biometer/beaker rinse PES

NA 1.76 NA 5.01

1) Total dpm corrected for the oxidation efficiency.  NA = Not analyzed. 0.998

1/13/2010

Sample initial conditions and weights (before incubation) Sample parameters (after incubation)
Dissolved O2 (ppm) Redox potential (mV)Applied

14
C-S-2200 (ppm) Soil dry wt. (g) Init. water added (mL)

NA8.95 50 NA NA

Headspace injectionHeadspace LSC Total sample 
% of applied

dpm  headspace (dpm)

14CO2

Aliquot counted (mL)

NA

Reference No.

NA

LSC ref No. 

NA

LSC 

14CH4

(mL)

98.77

NA

Trap NaOH Volume (mL)

NA NA

1.0 Y459-Y461

Soil extract

NA

% of applied

1.76

% of 
applied

5.01

% of applied
LSC

Reference No.
Y715-Y717

Aliquot counted
Reference No.

105.54

% of appl.
Post extraction soil Total

81.59

1.0 Y612-Y614 17.01

1.0 Y465-Y467 17.18

1.0 Y618-Y620 0.14
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Appendix I Representative Data: ([benzyl-14C]S-2167 (S-2200 R-isomer, RB) Exposure 

  

Sample ID: R-Be-30D-28 S-2200 Anaerobic Soil Degradation Study (V-09-37166)

Label: [(R)-benzyl-14C]S-2167 401G SA (dpm/ug: 57151 Sampling Date:
DAT: 30 Soil: Baptistown, NJ (Penn Series - Loam) 

HPLC  analysis Total

Compound (tR)
% of appl. 

In soil
(minutes) % area dpm % appl. % area dpm % appl.

De-Xy-S, 15.88 1.85 385936 1.51 1.51
16.26 1.61 70018 0.27 0.27
16.73, 16.75 1.10 229475 0.90 2.71 117856 0.46 1.36
Dx-CA, 17.47, 17.48 2.13 444348 1.74 5.54 240931 0.94 2.68
24.46 2.62 113942 0.45 0.45
26.20, 26.27 0.61 127255 0.50 1.91 83065 0.32 0.82
2-COOH, 28.89, 29.04 5.67 1182841 4.63 7.38 320952 1.26 5.88
5-COOH, 31.32, 31.47 7.07 1474901 5.77 15.69 682349 2.67 8.44
MCBX 0.00
37.33 1.14 237820 0.93 0.93
S-2200, 39.17, 39.36 80.44 16780910 65.63 62.54 2719827 10.64 76.27
Total unknowns 2.3

 
Excel spreadsheet data for 0, 30 and 364 DAT samples 
 
 
 

3 1.51 3.83

Unknown Summary
Soil extract Unknowns: 3.83 % of applied
Total Unknowns 5 3.83 % of applied
Highest single Unknown 1.36 % of applied

Extraction Method
Neutral extraction:  Extract the soil 2X with 150 mL of 9:1 (v:v) acetone/water. 
Acidic extraction: Extract the soil 2X with 150 mL of 5:1 (v:v) acetone/0.1 M HCl.  Rinse with 100 mL acetone.   

1/13/2010

Soil phase

1st extract (neutral) 2nd extract (acidic)
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Appendix I Representative Data: ([benzyl-14C]S-2167 (S-2200 R-isomer, RB) Exposure 
 
Excel spreadsheet data for 0, 30 and 364 DAT samples 
 
 
 
Sample ID: R-Be-30D-28 S-2200 Anaerobic Soil Degradation Study (V-09-37166)
Label: [(R)-benzyl-14C]S-2167 401G SA (dpm/ug): 57151 Sampling Date:
DAT: 30 Soil: Baptistown, NJ (Penn Series - Loam) 

Fractionation of the PES

Empty PES & Sample Total dpm/total dpm/g Sample % of ppm

Soil material Tube wt. tube wt. Net wt. oxidized (g) oxidized dpm applied

Post Extraction Soil 50.06 118.74 68.68 1.53 28,534 18,625 1,281,751 5.01 0.449

Sample Aliquot Sample % of ppm

Vol. (mL) dpm dpm applied1

Dismembrator extract 148 1,279 378,584 1.51 0.136

Sample Mean Sample % of ppm

Net wt. dpm/g 2 dpm applied1

Humin 68.26 5537 377,956 1.51 0.135

Humic acid 2.98 72,653 216,506 0.87 0.077

NaOH Extract Sample Aliquot Sample % of ppm

Vol. (mL) dpm dpm applied1

Fulvic acid (FA) 168 865 290,640 1.16 0.104

Fulvic acid -Organic 294 338 198,744 0.80 0.071

Fulvic acid -Aqueous 170 283 96,220 0.38 0.034

Fraction % of appl.

Compound (tR) % area dpm % of appl. ppm Comp. % area dpm % of appl.2 ppm Dismem. 1.51

3.43 10.23 38,729 0.15 0.014 2.42 19.61 38,974 0.16 0.014 Humin 1.51

11.8 15.91 60,233 0.24 0.022 8.13 21.57 42,869 0.17 0.015 Humic 0.87
De-Xy-S-2200 15.25 15.25 27.45 54,555 0.22 0.020 FA 1.16

Dx-CA-S-2200

2-COOH-S-2200

5-COOH-S-2200, 33.25, 33.63 23.73 89,838 0.36 0.032 33.63 66,838 0.27 0.024

MCBX, 34.53 23.86 90,330 0.36 0.032

S-2200, 37.67 27.27 103,240 0.41 0.037

Unks 0.40

Total 5.06
1This value is corrected to account for the sample aliquots taken for oxidation ((68.68/(68.68-1.53)) = 1.023 100.8 % Recovery
2This is the corrected total dpm from the oxidation summary spreadsheet using the oxidation efficiency.

LSC 

Ref. No.

Y715-Y717

Aliquot counted LSC

(mL) Ref. No.

LSC 
Ref. No.

0.500 K162-K164

K230-K232
K218-K220

Aliquot counted LSC

(mL) Ref. No.

0.500 K174-K176

1/13/2010

HPLC Analysis PES Sample Balance

Dismembrator Soil Extract Fulvic acid-Organic (Barely quantifiable)

0.500 K186-K188
0.500 K198-K200
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Appendix I Representative Data: ([benzyl-14C]S-2167 (S-2200 R-isomer, RB) Exposure 
 
Excel spreadsheet data for 0, 30 and 364 DAT samples 
 
 
Sample ID: R-Be-364D-36 S-2200 Anaerobic Soil Degradation Study (V-09-37166)

401G SA (dpm/ug): 57151 Sampling Date:

DAT: 364 334 anaerobic Soil: 'Baptistown, NJ (Penn Series - Loam) 

Applied 14C (dpm) pH w pH s O2 (ppm)

25568700 8.97 8.77 0.06

Sample Headspace Headspace

Headspace Vol. (mL) injected

data 459 50

Evolved 14CO2 Aliq. dpm Trap dpm

data 4718 235900

Aerobic Phase

Soil  Phase Empty Sample & Sample Total dpm/total dpm/g Sample 
data Tube wt. tube wt. (g) Net wt. oxidized (g oxidized dpm1

PES after acidic ext. 49.72 119.43 69.71 2.55 36130 14185 1009039

Extraction of the Sample Aliquot Sample
soil phase Vol. (mL) dpm dpm

1st extract (neutral) 295 21935 12941650

2nd extract (acidic) 397 7176 5697744

acid partition (aqueous) 26 470 24440

acid partition (organic) 316 8800 5561600

Water phase Sample Aliquot Sample

Vol. (mL) dpm dpm

Water phase 89 32384 5764352

Water phase conc. 2.50 43479 5434875

Sample Balance
Biometer/beaker rinse PES

0.01 2.68 0.01 3.95

1) Total dpm corrected for the oxidation efficiency.  NA = Not analyzed. 0.980

12/13/2010

Sample initial conditions and weights (before incubation) Sample parameters (after incubation)
Applied14C (ppm) Soil dry wt. (g) Init. water (mL) Redox pot. (mV)

Label: [(R)-benzyl-14C]S-2167

8.95 50 95 -192

Headspace LSC Headspace inject. Total sample 
% of applied

Reference No. dpm  headspace (dpm)

K659 229 2102 0.01

Trap NaOH Volume (mL)Aliq. counted (mL LSC ref No. % of applied

25 0.5 K661-K663 0.92

1.76

LSC % of
Reference No. applied

K687-K689 3.95

Aliquot counted LSC
% of applied

(mL) Reference No.

0.5 K673-K675 50.62

0.5 K681-K683 22.28

0.5 K699-K701 0.10

0.5 K693-K695 21.75

Aliquot counted LSC
% of applied

(mL) Reference No.

0.5 K667-K669 22.54

0.020 K679 21.26

14CO2
14CH4 Water Phase Soil extract Post extraction soil Total

% of appl.

22.54 72.90 102.09
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Appendix I Representative Data: ([benzyl-14C]S-2167 (S-2200 R-isomer, RB) Exposure 

  

Sample ID: R-Be-364D-36 S-2200 Anaerobic Soil Degradation Study (V-09-37166)
401G SA (dpm/ug): 57151 Sampling Date:

DAT: 364 334 anaerob

 
Excel spreadsheet data for 0, 30 and 364 DAT samples 
 
 

iSoil: 'Baptistown, NJ (Penn Series - Loam) 

HPLC  analysis Total Total

Compound (tR)
% of appl. 

In soil
% of appl. 
water/soil

(minutes) % area dpm % appl. % area dpm % appl. % area dpm % appl.
7.27 3.58 199105 0.78 0.78 0.78
8.18 3.42 197141 0.77 0.77

De-Xy 0.00

Dx-CA 17.28, 16.46 2.78 359778 1.41 1.41 15.87 914803 3.58 4.98

27.29 1.37 76194 0.30 0.30 0.30
2-COOH 32.04, 32.04, 31.99 3.79 490489 1.92 2.51 139596 0.55 2.46 13.18 759742 2.97 5.44
5-COOH 34.21, 34.20, 34.05 4.63 599198 2.34 6.79 377633 1.48 3.82 17.74 1022596 4.00 7.82

MCBX 0.00

38.12, 38.80 2.28 126804 0.50 0.50 2.95 170048 0.67 1.16
S-2200 39.84, 39.90, 39.61 88.80 11492185 44.95 83.47 4642268 18.16 63.10 46.84 2700022 10.56 73.66
Total unknowns 0.00 1.57 1.57 1.44 3.01

Unknown Summary
Soil extract Unknowns: 3 1.57 % of applied
Highest single soil Unknown 0.78 % of applied
Water Unknowns 2 1.44 % of applied
Highest single water Unknown 0.77 % of applied
Total Unknowns 4 3.01 % of applied
Highest single Unknown 1.16 % of applied

Extraction Method

Neutral extraction:  Extract the soil 2X with 150 mL of 9:1 (v:v) methanol/water. 
Acidic extraction: Extract the soil 2X with 150 mL of 5:1 (v:v) methanol/0.5 M HCl.  Rinse with 100 mL methanol.   

12/13/2010

Soil phase Water phase

1st extract (neutral) 2nd extract (acidic) organic extract

Label: [(R)-benzyl-14C]S-2167
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 Appendix J    Representative Data:  [benzyl-14C]S-2354 (S-2200 S-isomer, SB) Exposure 
 
Excel spreadsheet data for 0, 34 and 363 DAT samples 
 
 
 
Sample ID: S-Be-0D-50 S-2200 Anaerobic Soil Degradation Study (V-09-37166)

400D SA (dpm/ug): 51415 Sampling Date:

DAT: 0 Soil: 'Baptistown, NJ (Penn Series - Loam) 

Applied 
14

C (dpm) pH

22976400 NA

Sample Headspace Headspace

Headspace Vol. (mL) injected

data NA NA

Evolved 14CO2 Aliq. dpm Trap dpm

data NA NA

Soil  Phase Empty Sample & Sample Total dpm/total dpm/g Sample 
data Tube wt. tube wt. (g) Net wt. oxidized (g) oxidized dpm

1

PES after neutral ext. 49.90 117.91 68.01 1.58 13089 8289 575269

Extraction of the Sample Aliquot Sample
soil phase Vol. (mL) dpm dpm

1st extract (neutral) 290 79922 23177380

2nd extract (acidic) NA NA NA

Sample Balance
Biometer/beaker rinse PES

NA NA NA 2.50

1) Total dpm corrected for the oxidation efficiency.  NA = Not analyzed. 0.980

Label: [(S)-benzyl-14C]S-2354

100.87

NA NA NA

103.38
% of applied

Post extraction soil Total

NA

% of applied

NA

% of 
applied

2.50

% of applied
LSC

Reference No.

NA

Trap NaOH Volume (mL

NA NA

1.0 Y64-Y66

Soil extract

Y70-Y72

LSC 

14CH4

(mL)

100.87

Aliquot counted
Reference No.

% of applied
dpm  headspace (dpm)

14CO2

Aliq. counted (mL

NA

Reference No.

NA

LSC ref No. 

NA

Sample initial conditions and weights (before incubation) Sample parameters (after incubation)
Dissolved O2 (ppm)Redox pot. (mV)Applied

14
C (ppm) Soil dry wt. (g) Init. water added (mL)

NA8.94

12/1/2009

50 NA NA

Headspace injectionHeadspace LSC Total sample 
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Appendix J    Representative Data:  [benzyl-14C]S-2354 (S-2200 S-isomer, SB) Exposure 
 
Excel spreadsheet data for 0, 34 and 363 DAT samples 
 
 
 
Sample ID: S-Be-0D-50 S-2200 Anaerobic Soil Degradation Study (V-09-37166)

400D SA (dpm/ug): 51415 Sampling Date:
DAT: 0 Soil: 'Baptistown, NJ (Penn Series - Loam) 

HPLC  analysis Total

Compound (tR)
% of appl. 

In soil
(minutes) % area dpm % appl. % area dpm % appl.

10.02 0.87 201643 0.88 0.88

De-Xy, 15.47 1.47 340707 1.48 1.48

Dx-CA, 17.62 0.63 146017 0.64 0.64

24.17 0.72 166877 0.73 0.73

2-COOH 0.00

5-COOH, 31.52 1.08 250316 1.09 1.09

MCBX 0.00

33.61 1.31 303624 1.32 1.32

35.97 0.88 203961 0.89 0.89

S-2200, 39.29 93.04 21564234 93.85 93.85
Total unknowns 3.81 3.81
2D TLC confirmation

Unknown Summary
Soil extract Unknowns: 3.81 % of applied
Total Unknowns 4 3.81 % of applied
Highest single Unknown 1.32 % of applied

Extraction Method
Neutral extraction:  Extract the soil 2X with 150 mL of 9:1 (v:v) acetone/water.

Label: [(S)-benzyl-14C]S-2354

Soil phase

12/1/2009

1st extract (neutral) 2nd extract (acidic)
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Appendix J    Representative Data:  [benzyl-14C]S-2354 (S-2200 S-isomer, SB) Exposure 
 
Excel spreadsheet data for 0, 34 and 363 DAT samples 
 
 
Sample ID: S-Be-34D-54 S-2200 Anaerobic Soil Degradation Study (V-09-37166)

400D SA (dpm/ug): 51415 Sampling Date:

DAT: 34 Soil: 'Baptistown, NJ (Penn Series - Loam) 

Applied 14C (dpm) pH

22976400 NA

Sample Headspace Headspace

Headspace Vol. (mL) injected

data NA NA

Evolved 14CO2 Aliq. dpm Trap dpm

data NA NA

Soil  Phase Empty Sample & Sample Total dpm/total dpm/g Sample 
data Tube wt. tube wt. (g) Net wt. oxidized (g) oxidized dpm1

PES after acidic ext. 50.32 118.16 67.84 1.33 27455 20658 1421364

Extraction of the Sample Aliquot Sample
soil phase Vol. (mL) dpm dpm

1st extract (neutral) 280 62554 17515120

2nd extract (acidic) 385 11108 4276580

acid partition (aqueous) 38 1448 55024

acid partition (organic) 305 13395 4085475

Sample Balance
Biometer/beaker rinse PES

NA 5.26 NA 6.19

1) Total dpm corrected for the oxidation efficiency.  NA = Not analyzed. 0.986

Label: [(S)-benzyl-14C]S-2354 1/4/2010

1.0 Y344-Y346 0.24

1.0 Y350-Y352 17.78

Aliquot counted
Reference No.

106.29

% of appl.
Post extraction soil Total

76.23

1.0 Y316-Y318 18.61

applied

6.19

% of applied
LSC

Reference No.

Y362-Y364

NA

% of applied

5.26

% of 

94.84

NA

Trap NaOH Volume (mL)

NA NA

1.0 Y304-Y306

Soil extract14CO2

Aliq. counted (mL)

NA

Reference No.

NA

LSC ref No. 

NA

LSC 

14CH4

(mL)

NA

Headspace injectionHeadspace LSC Total sample 
% of applied

dpm  headspace (dpm)

NA8.94

Sample initial conditions and weights (before incubation) Sample parameters (after incubation)
Dissolved O2 (ppm) Redox pot.(mV)Applied14C (ppm) Soil dry wt. (g) Init. water added (mL)

50 NA
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Appendix J    Representative Data:  [benzyl-14C]S-2354 (S-2200 S-isomer, SB) Exposure 
 
Excel spreadsheet data for 0, 34 and 363 DAT samples 
 
 
Sample ID: S-Be-34D-54 S-2200 Anaerobic Soil Degradation Study (V-09-37166)

400D SA (dpm/ug): 51415 Sampling Date:
DAT: 34 Soil: 'Baptistown, NJ (Penn Series - Loam) 

HPLC  analysis Total

Compound (tR)
% of appl. 

In soil
(minutes) % area dpm % appl. % area dpm % appl.

De-Xy, 15.52, 15.93 2.07 362563 1.58 8.38 342363 1.49 3.07
Dx-CA, 16.92, 17.23 1.89 331036 1.44 5.09 207951 0.91 2.35
26.13, 26.19 0.65 113848 0.50 3.77 154022 0.67 1.17
2-COOH, 28.96, 28.90 3.23 565738 2.46 5.58 227970 0.99 3.45
5-COOH, 31.41, 31.29 3.99 698853 3.04 9.63 393431 1.71 4.75
MCBX 0.00
S-2200 39.09, 39.05 88.18 15444833 67.22 67.54 2759330 12.01 79.23
Total unknowns 0.50 0.67 1.17

Unknown Summary
Soil extract Unknowns: 1.17 % of applied
Total Unknowns 1 1.17 % of applied
Highest single Unknown 1.17 % of applied

Extraction Method
Neutral extraction:  Extract the soil 2X with 150 mL of 9:1 (v:v) acetone/water. 
Acidic extraction: Extract the soil 2X with 150 mL of 5:1 (v:v) acetone/0.1 M HCl.  Rinse with 100 mL acetone.   

Label: [(S)-benzyl-14C]S-2354 1/4/2010

Soil phase

1st extract (neutral) 2nd extract (acidic)
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Appendix J    Representative Data:  [benzyl-14C]S-2354 (S-2200 S-isomer, SB) Exposure 
 
Excel spreadsheet data for 0, 34 and 363 DAT samples 
 
Sample ID: S-Be-363D-60 S-2200 Anaerobic Soil Degradation Study (V-09-37166)

Label: [(S)-benzyl-14C]S-2354 400D SA (dpm/ug): 51415 Sampling Date:

DAT: 363 329 anaerobic Soil: 'Baptistown, NJ (Penn Series - Loam) 

Applied 14C (dpm) pH w pH s O2 (ppm)

22976400 8.92 8.52 0.01

Sample Headspace Headspace

Headspace Vol. (mL) injected

data 465 50

Evolved 14CO2 Aliq. dpm Trap dpm

data 9716 485800

Aerobic Phase

Soil  Phase Empty Sample & Sample Total dpm/total dpm/g Sample 
data Tube wt. tube wt. (g) Net wt. oxidized (g) oxidized dpm1

PES after acidic ext. 49.76 118.40 68.64 2.64 48737 18475 1278349

Extraction of the Sample Aliquot Sample
soil phase Vol. (mL) dpm dpm

1st extract (neutral) 293 17162 10056932

2nd extract (acidic) 396 6234 4937328

acid partition (aqueous) 32 1029 65856

acid partition (organic) 287 9234 5300316

Water phase Sample Aliquot Sample
Vol. (mL) dpm dpm

Water phase 91 28146 5122572

Sample Balance
Biometer/beaker rinse PES

0.00 7.38 0.00 5.56

1) Total dpm corrected for the oxidation efficiency.  NA = Not analyzed. 0.992

22.29 65.26 100.50

0.5 K558-K560 22.29

14CO2
14CH4 Water Phase Soil extract Post extraction soil Total

% of appl.

Aliquot counted LSC % of applied
(mL) Reference No.

0.5 K602-K604 0.29

0.5 K614-K616 23.07

0.5 K570-K572 43.77

0.5 K582-K584 21.49

K630-K632 5.56

Aliquot counted LSC
% of applied

(mL) Reference No.

5.26

LSC %
Reference No. applied

25 0.5 K546-K548 2.11

 of 

Trap NaOH Volume (mL)Aliq.counted (mL) LSC ref No. % of applied

K544 0 0 0.00

Headspace LSC Headspace injection Total sample 
% of applied

Reference No. dpm  headspace (dpm)

8.94 50 95 -180

11/29/2010

Sample initial conditions and weights (before incubation) Sample parameters (after incubation)
Applied14C (ppm) Soil dry wt. (g) Init. water added (mL) Redox pot. (mV)
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Appendix J    Representative Data:  [benzyl-14C]S-2354 (S-2200 S-isomer, SB) Exposure 
 
Excel spreadsheet data for 0, 34 and 363 DAT samples 
 
Sample ID: S-Be-363D-60 S-2200 Anaerobic Soil Degradation Study (V-09-37166)

Label: [(S)-benzyl-14C]S-2354 400D SA (dpm/ug): 51415 Sampling Date:
DAT: 363 329 anaerobi Soil: 'Baptistown, NJ (Penn Series - Loam) 

HPLC  analysis Total Total

Compound (tR)
% of appl. 

In soil
% of appl. 
water/soil

(minutes) % area dpm % appl. % area dpm % appl. % area dpm % appl.
8.09, 8.06 3.60 190811 0.83 0.83 4.80 245883 1.07 1.90
10.30 2.40 122942 0.54 0.54
De-Xy 0.00

Dx-CA 17.21, 16.60 3.67 369089 1.61 1.61 19.62 1005049 4.37 5.98

27.25 2.96 156889 0.68 0.68 0.68
2-COOH 32.01, 32.07, 32.0 3.47 348976 1.52 2.35 124557 0.54 2.06 15.28 782729 3.41 5.47
5-COOH 34.14, 34.18, 34.16 4.14 416357 1.81 6.95 368372 1.60 3.42 16.65 852908 3.71 7.13
MCBX 35.18, 35.29, 35.22 2.08 209184 0.91 3.97 210423 0.92 1.83 1.58 80937 0.35 2.18
38.84 1.50 76839 0.33 0.33
S-2200 39.67, 39.78, 39.69 86.65 8714332 37.93 80.16 4248733 18.49 56.42 38.17 1955286 8.51 64.93
Total unknowns 0.00 1.51 1.51 1.94 3.45

Unknown Summary
Soil extract Unknowns: 2 1.51 % of applied
Highest single soil Unknown 0.83 % of applied
Water Unknowns 3 1.94 % of applied
Highest single water Unknown 1.07 % of applied
Total Unknowns 4 3.45 % of applied
Highest single Unknown 1.90 % of applied

Extraction Method

Neutral extraction:  Extract the soil 2X with 150 mL of 9:1 (v:v) methanol/water. 
Acidic extraction: Extract the soil 2X with 150 mL of 5:1 (v:v) methanol/0.5 M HCl.  Rinse with 100 mL methanol.   

Soil phase Water phase

1st extract (neutral) 2nd extract (acidic)

11/29/2010



Valent U.S.A. Corporation 
Valent Project No.  VP-37166                 Page 208  

 

  

 Appendix K Representative Data: [phenoxy-14C]S-2167 (S-2200 R-isomer, RP) Exposure 
 
Excel spreadsheet data for 0, 34 and 363 DAT samples 
 
 
Sample ID: R-Ph-0D-74 S-2200 Anaerobic Soil Degradation Study (V-09-37166)

Label: [(R)-phenoxy-14C]S-2167 404D SA (dpm/ug): 51839 Sampling Date:

DAT: 0 Soil: 'Baptistown, NJ (Penn Series - Loam) 

Applied 14C (dpm) pH

23203500 NA

Sample Headspace Headspace

Headspace Vol. (mL) injected

data NA NA

Evolved 14CO2 Aliq. dpm Trap dpm

data NA NA

Soil  Phase Empty Sample & Sample Total dpm/total dpm/g Sample 
data Tube wt. tube wt. (g) Net wt. oxidized (g) oxidized dpm1

PES after neutral ext. 51.33 118.88 67.55 1.08 8558 7909 545186

Extraction of the Sample Aliquot Sample
soil phase Vol. (mL) dpm dpm

1st extract (neutral) 300 78945 23683500

2nd extract (acidic) NA NA NA

Sample Balance
Biometer/beaker rinse PES

NA NA NA 2.35

1) Total dpm corrected for the oxidation efficiency.  NA = Not analyzed. 0.980

Sample initial conditions and weights (before incubation) Sample parameters (after incubation)
Dissolved O2 (ppm) Redox pot. (mV)Applied14C (ppm) Soil dry wt. (g) Init. water added (mL)

NA8.95 50 NA NA

Headspace injectionHeadspace LSC Total sample 
% of applied

dpm  headspace (dpm)

14CO2

Aliq. counted (mL)

NA

Reference No.

NA

LSC ref No. 

NA

LSC 

14CH4

(mL)

102.07

NA

Trap NaOH Volume (mL)

NA NA

1.0 Y58-Y60

Soil extract

NA

% of applied

NA

% of 
applied

2.35

% of applied
LSC

Reference No.

Y76-Y78

Total

102.07

NA NA NA

12/1/2009

Aliquot counted
Reference No.

104.42
% of appl.

Post extraction soil
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Appendix K Representative Data: I [phenoxy-14C]S-2167 (S-2200 R-isomer, RP) Exposure 
 
Excel spreadsheet data for 0, 34 and 363 DAT samples 
 
Sample ID: R-Ph-0D-74 S-2200 Anaerobic Soil Degradation Study (V-09-37166)

Label: [(R)-phenoxy-14C]S-2167 404D SA (dpm/ug): 51839 Sampling Date:
DAT: 0 Soil: 'Baptistown, NJ (Penn Series - Loam) 

HPLC  analysis Total

Compound (tR)
% of appl. 

In soil
(minutes) % area dpm % appl. % area dpm % appl.

16.51 0.43 101839 0.44 0.44
2-COOH 0.00
5-COOH, 31.67 1.22 288939 1.25 1.25
MCBX, 33.51 0.56 132628 0.57 0.57
34.18 1.01 239203 1.03 1.03
36.26 0.48 113681 0.49 0.49
S-2200, 39.51 96.29 22804842 98.28 98.28
Total unknowns 1.96 1.96
2D TLC confirmation

Unknown Summary
Soil extract Unknowns: 1.96 % of applied
Total Unknowns 3 1.96 % of applied
Highest single Unknown 1.03 % of applied

Extraction Method
Neutral extraction:  Extract the soil 2X with 150 mL of 9:1 (v:v) acetone/water.

12/1/2009

Soil phase

1st extract (neutral) 2nd extract (acidic)
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Appendix K Representative Data: I [phenoxy-14C]S-2167 (S-2200 R-isomer, RP) Exposure 
 
Excel spreadsheet data for 0, 34 and 363 DAT samples 
 
Sample ID: R-Ph-34D-78 S-2200 Anaerobic Soil Degradation Study (V-09-37166)

Label: [(R)-phenoxy-14C]S-2167 404D SA (dpm/ug): 51839 Sampling Date:

DAT: 34 Soil: 'Baptistown, NJ (Penn Series - Loam) 

Applied 14C (dpm) pH

23203500 NA

Sample Headspace Headspace

Headspace Vol. (mL) injected

data NA NA

Evolved 14CO2 Aliq. dpm Trap dpm

data NA NA

Soil  Phase Empty Sample & Sample Total dpm/total dpm/g Sample 
data Tube wt. tube wt. (g) Net wt. oxidized (g oxidized dpm1

PES after acidic ext. 49.29 116.67 67.38 1.14 44552 38944 2661309

Extraction of the Sample Aliquot Sample
soil phase Vol. (mL) dpm dpm

1st extract (neutral) 285 57982 16524870

2nd extract (acidic) 400 8781 3512400

acid partition (aqueous) 38 2430 92340

acid partition (organic) 300 11122 3336600

Sample Balance
Biometer/beaker rinse PES

NA 7.11 NA 11.47

1) Total dpm corrected for the oxidation efficiency.  NA = Not analyzed. 0.986

1/4/2010

1.0 Y332-Y334 0.40

1.0 Y338-Y340 14.38

Sample initial conditions and weights (before incubation) Sample parameters (after incubation)
Dissolved O2 (ppm) Redox pot. (mV)Applied14C (ppm) Soil dry wt. (g) Init. water added (mL

NA8.95 50 NA NA

Headspace injectionHeadspace LSC Total sample 
% of applied

dpm  headspace (dpm)

14CO2

Aliq. counted (mL

NA

Reference No.

NA

LSC ref No. 

NA

LSC 

14CH4

(mL)

86.35

NA

Trap NaOH Volume (mL)

NA NA

1.0 Y310-Y312

Soil extract

NA

% of applied

7.11

% of 
applied

11.47

% of applied
LSC

Reference No.

Y368-Y370

Aliquot counted
Reference No.

104.94

% of appl.
Post extraction soil Total

71.22

1.0 Y322-Y324 15.14

 



Valent U.S.A. Corporation 
Valent Project No.  VP-37166                 Page 211  

 
Appendix K Representative Data: I [phenoxy-14C]S-2167 (S-2200 R-isomer, RP) Exposure 

  

Sample ID: R-Ph-34D-78 S-2200 Anaerobic Soil Degradation Study (V-09-37166)

Label: [(R)-phenoxy-14C]S-2167 404D SA (dpm/ug): 51839 Sampling Date:
DAT: 34 Soil: 'Baptistown, NJ (Penn Series - Loam) 

HPLC  anal

 
Excel spreadsheet data for 0, 34 and 363 DAT samples 
 

ysis Total

Compound (tR)
% of appl. 

In soil
(minutes) % area dpm % appl. % area dpm % appl.

2-COOH, 28.92, 28.98 5.71 943570 4.07 11.43 381373 1.64 5.71
5-COOH, 31.32, 31.45 6.11 1009670 4.35 14.90 497153 2.14 6.49
MCBX 0.00
36.15 0.55 90887 0.39 0.39
37.39 0.79 130546 0.56 0.56
S-2200, 39.16, 39.26 86.85 14351850 61.85 73.67 2458073 10.59 72.45
Total unknowns 0.95 0.00 0.95

Unknown Summary
Soil extract Unknowns: 0.95 % of applied
Total Unknowns 2 0.95 % of applied
Highest single Unknown 0.56 % of applied

Extraction Method
Neutral extraction:  Extract the soil 2X with 150 mL of 9:1 (v:v) acetone/water. 
Acidic extraction: Extract the soil 2X with 150 mL of 5:1 (v:v) acetone/0.1 M HCl.  Rinse with 100 mL acetone.   

1/4/2010

Soil phase

1st extract (neutral) 2nd extract (acidic)
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Appendix K Representative Data: I [phenoxy-14C]S-2167 (S-2200 R-isomer, RP) Exposure 
 
Excel spreadsheet data for 0, 34 and 363 DAT samples 
 
Sample ID: R-Ph-363D-84 S-2200 Anaerobic Soil Degradation Study (V-09-37166)

Label: [(R)-phenoxy-14C]S-2167 404D SA (dpm/ug): 51839 Sampling Date:

DAT: 363 329 anaerobiSoil: Baptistown, NJ (Penn Series - Loam) 

Applied 
14

C (dpm) pH w pH s O2 (ppm)

23203500 8.84 8.63 0.00

Sample HeadspaceHeadspace

Headspace Vol. (mL) injected

data 457 50

Evolved 14CO2 Aliq. dpm Trap dpm

data 10892 544600

Aerobic Phase

Soil  Phase Empty Sample & Sample Total dpm/total dpm/g Sample 
data Tube wt. tube wt. (g) Net wt. oxidized (g oxidized dpm1

PES after acidic ext. 49.37 117.97 68.60 2.52 80458 31940 2208785

Extraction of the Sample Aliquot Sample
soil phase Vol. (mL) dpm dpm

1st extract (neutral) 295 17193 10143870

2nd extract (acidic) 395 6487 5124730

acid partition (aqueous) 30 1057 63420

acid partition (organic) 310 9095 5638900

Water phase Sample Aliquot Sample
Vol. (mL) dpm dpm

Water phase 89 22719 4043982

Sample Balance
Biometer/beaker rinse PES

0.01 9.46 0.00 9.52

1) Total dpm corrected for the oxidation efficiency.  NA = Not analyzed. 0.992

17.43 65.80 102.22

0.5 K564-K566 17.43

14CO2
14CH4 Water Phase Soil extract Post extraction soil Total

% of appl.

Aliquot counted LSC % of applied
(mL) Reference No.

0.5 K608-K610 0.27

0.5 K620-K622 24.30

0.5 K576-K578 43.72

0.5 K588-K590 22.09

K636-K638 9.52

Aliquot counted LSC
% of applied

(mL) Reference No.

7.11

LSC %
Reference No. applied

25 0.5 K552-K554 2.35

Trap NaOH Vol. (mL) Aliq. counted (mL) LSC ref No. % of applied

K545 3 27 0.00

Headspace LSC Headspace injection Total sample 
% of applied

Reference No. dpm  headspace (dpm)

8.95 50 95 -183

11/29/2010

Sample initial conditions and weights (before incubation) Sample parameters (after incubation)
Applied14C (ppm) Soil dry wt. (g) Init. water added (mL

 of 

) Redox pot. (mV)
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Appendix K Representative Data: I [phenoxy-14C]S-2167 (S-2200 R-isomer, RP) Exposure 
 
Excel spreadsheet data for 0, 34 and 363 DAT samples 
 
Sample ID: R-Ph-363D-84 S-2200 Anaerobic Soil Degradation Study (V-09-37166)

Label: [(R)-phenoxy-14C]S-2167 404D SA (dpm/ug): 51839 Sampling Date:
DAT: 363 329 anaero Soil: Baptistown, NJ (Penn Series - Loam) 

HPLC  analysis Total Total

Compound (tR)
% of appl. 

In soil
% of appl. 
water/soil

(minutes) % area dpm % appl. % area dpm % appl. % area dpm % appl.

2,5-Dimethylphenol
2-COOH 32.02, 32.03, 32.0 3.96 401697 1.73 3.42 192850 0.83 2.56 20.40 824972 3.56 6.12
5-COOH 34.16, 34.17, 34.1 4.92 499078 2.15 5.71 321981 1.39 3.54 24.79 1002503 4.32 7.86

MCBX 35.18 4.11 231759 1.00 1.00 1.00

38.98 2.30 93012 0.40 0.40
S-2200 39.61, 39.89, 39.79 91.12 9243094 39.83 84.65 4773329 20.57 60.41 52.51 2123495 9.15 69.56

44.51 2.11 118981 0.51 0.51 0.51
Total unknowns 0.00 0.51 0.51 0.40 0.91

Unknown Summary
Soil extract Unknowns: 1 0.51 % of applied
Highest single soil Unknown 0.51 % of applied
Water Unknowns 1 0.40 % of applied
Highest single water Unknown 0.40 % of applied
Total Unknowns 2 0.91 % of applied
Highest single Unknown 0.51 % of applied

Extraction Method

Neutral extraction:  Extract the soil 2X with 150 mL of 9:1 (v:v) methanol/water. 
Acidic extraction: Extract the soil 2X with 150 mL of 5:1 (v:v) methanol/0.5 M HCl.  Rinse with 100 mL methanol.   

Soil phase Water phase

1st extract (neutral) 2nd extract (acidic)

11/29/2010
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 Appendix  L    Determination of Microbial Biomass by Standard Plate Counts 
 
Item #1 - Viscient report 12709.6319 
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Appendix  L    Determination of Microbial Biomass by Standard Plate Counts 
 
Item #1 - Viscient report 12709.6319 
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Appendix  L    Determination of Microbial Biomass by Standard Plate Counts 
 
Item #1 - Viscient report 12709.6319 
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Appendix  L    Determination of Microbial Biomass by Standard Plate Counts 
 
Item #1 - Viscient report 12709.6319 
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Appendix  L    Determination of Microbial Biomass by Standard Plate Counts 
 
Item #1 - Viscient report 12709.6319 
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Appendix  L    Determination of Microbial Biomass by Standard Plate Counts 
 
Item #1 - Viscient report 12709.6319 
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Appendix  L    Determination of Microbial Biomass by Standard Plate Counts 
 
Item #1 - Viscient report 12709.6319 
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Appendix  L    Determination of Microbial Biomass by Standard Plate Counts 
 
Item #1 - Viscient report 12709.6319 
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Appendix  L    Determination of Microbial Biomass by Standard Plate Counts 
 
Item #1 - Viscient report 12709.6319 
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Appendix  L    Determination of Microbial Biomass by Standard Plate Counts 
 
Item #2 - Viscient report 12709.6320 
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Appendix  L    Determination of Microbial Biomass by Standard Plate Counts 
 
Item #2 - Viscient report 12709.6320 
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Appendix  L    Determination of Microbial Biomass by Standard Plate Counts 
 
Item #2 - Viscient report 12709.6320 
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Appendix  L    Determination of Microbial Biomass by Standard Plate Counts 
 
Item #2 - Viscient report 12709.6320 
 

 



Valent U.S.A. Corporation 
Valent Project No.  VP-37166                 Page 227  

 

  

Appendix  L    Determination of Microbial Biomass by Standard Plate Counts 
 
Item #2 - Viscient report 12709.6320 
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Appendix  L    Determination of Microbial Biomass by Standard Plate Counts 
 
Item #2 - Viscient report 12709.6320 
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Appendix  L    Determination of Microbial Biomass by Standard Plate Counts 
 
Item #2 - Viscient report 12709.6320 
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Appendix  L    Determination of Microbial Biomass by Standard Plate Counts 
 
Item #2 - Viscient report 12709.6320 
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