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OBJECTIVES AND EXPERIMENTS CONDUCTED BY LOCATION TO ACCOMPLISH 
OBJECTIVES: 
 
Objective I. To investigate the factors governing pesticide dissipation in California rice fields. 
Emphasis for 2016 will be to characterize the aerobic and anaerobic microbial degradation of the 
herbicide League MVP (imazosulfuron) under rice field conditions. 
 
Objective II. To investigate the factors governing pesticide dissipation in California rice fields. 
Emphasis for 2016 will be to focus on the ultimate herbicidal product of Butte (benzobicyclon 
hydrolysate; BH) by characterizing its soil sorption and degradation under rice field conditions. 
 
Objective III. To investigate the factors governing pesticide dissipation in California rice fields. 
Emphasis for 2016 will be to focus on the insecticide Coragen (chlorantraniliprole) by 
characterizing its soil sorption under rice field conditions. 
 
Objective IV. To investigate the factors governing pesticide dissipation in California rice fields. 
Emphasis for 2016 will be to focus on the herbicide thiobencarb (Abolish and Bolero) by 
modeling its dissipation in rice fields during drought years. 

Objective I. Soil degradation and phytotoxicity of the two herbicides in League MVP 
 
Introduction & Background 
 
Soil degradation, via biotic and abiotic processes, is an important dissipation mechanism for 
pesticides and other contaminants in the environment. Current agricultural systems employ a 
cocktail of chemical agents for the control of pests, yet kinetic studies often examine compounds 
individually. Because agrochemicals (including pesticides and fertilizers) can shift the diversity, 



number and activity of soil bacterial communities, mixtures of pesticides may change a 
community’s ability to metabolize contaminants.[1, 2]   
 
Herbicides constitute approximately 60% of the >5 million pounds of pesticide active ingredients 
used annually in California rice fields.[3] Fields typically receive one or two different herbicide 
treatments each year to better control resistant weeds. League® MVP, a new product registered 
for use on permanently flooded fields, contains two active ingredients: imazosulfuron (IMZ), an 
acetolactate synthase inhibitor, and thiobencarb (TB), which inhibits lipid, isoprenoid and 
flavonoid biosynthesis (Fig 1).[4, 5] Both pesticides’ soil degradation kinetics have been studied 
individually, but rates upon co-application are not currently available in the published 
literature.[6-13] The State of California has mandated a 30 d holding period for field water after 
application of League® MVP, which may influence degradation rates.  
   
Toxicity may be additive, synergistic or antagonistic when organisms are simultaneously 
exposed to multiple pesticides. League® MVP’s combined phytotoxicity has not yet been 
reported in published literature. The goals of this investigation were to A) determine the 
influence of combined application of IMZ and TB on their respective degradation kinetics in 
flooded soil, and B) to compare toxicity of IMZ, TB and their respective degradation products in 
soil and water on the day of initial application and after the 30 d state-mandated holding period. 
 
Materials and Methods 
 
Soil collection and characterization ‒ Characterization was performed by the UCD Analytical 
Laboratory and is summarized in Table 1 for autoclaved and non-autoclaved (intact) soil types 
(http://anlab.ucdavis.edu/). Classified as a clay (Esquon-Neerdobe), the soil was collected and 
sieved (<2 mm) from the top 0-10 cm of a rice field in the Biggs Rice Experiment Station 
(39.46423, -121.73480) and stored loosely capped at 4°C in the dark at field moisture levels (c.a. 
9% at 1 atm) for three weeks prior to the start of the experiment.  
 
 

 
 

Figure 1. Thiobencarb (top) and imazosulfuron (bottom). 
 



Table 1. Soil characterization data for intact and autoclaved soil. 

 
IMZ soil metabolism and abiotic degradation ‒ Experimental design followed OECD guideline 
307 for flooded anaerobic field conditions. Polypropylene bottles (Nalg Nunc International Co., 
Penfield NY) were filled with 50.0±0.05 g rice field soil and 100 mL filter-sterilized tap water 
adjusted to pH 8 with NaOH and loosely capped. Bottles were autoclaved (121°C, 15 psi, 30 
min) prior to use. Autoclaved microcosms were prepared by three consecutive autoclave cycles 
(30 min at 121°C, 15 psi). After a three week equilibration period in a dark cultivation cabinet, 
soil-water microcosms (4 replicates each) were dosed with 20 mL water (0.99% acetonitrile) 
containing either A) IMZ and TB or B) IMZ alone. Initial pesticide treatment rates (170 µg or 
0.41 µM IMZ/kg, 3.9 mg or 15 µM TB/kg) were calculated using the maximum application rate 
for the commercial product (35 lb A-1) and assuming 5 cm flood depth with uniform 
incorporation into the top 10 cm of soil. Temperature during equilibration and subsequent 
incubation was 23.5±2°C. 
 
Quantitative analysis of IMZ and TB residues in water and soil ‒ At each sampling interval, four 
sacrificial replicates were extracted per treatment. Microcosms were centrifuged (10 min x 
2600g) and the water collected for analysis. Dissolved oxygen, pH and redox potential were 
monitored weekly. Soil was extracted using a sodium bicarbonate/acetone mixture, filtered and 
concentrated on a rotary evaporator. Soil extracts and water samples were cleaned via dispersive 
solid phase extraction, filtered (0.22 µM) and spiked with an internal standard mixture prior to 
analysis on an Agilent 1200 Series high-pressure liquid chromatograph coupled to a 6420 triple 
quadrupole mass spectrometer. Extraction efficiency of the method was evaluated on autoclaved 
and non-autoclaved soil at two enrichment levels (Table 2). 
 
Phytotoxicity analysis of soil and water ‒ Growth and germination inhibition phytotoxicity tests 
were used to evaluate the combined toxicity of IMZ, TB and all degradation products in 
sacrificial samples (n=4) tested at day 0 and 30 (representing the end of the water holding 
period). Soil-water microcosms were prepared as samples for chemical analysis, but on a larger 
scale (200g soil, 400 mL water in 1L polypropylene bottles) to provide sufficient material for 
testing. Samples were treated with TB and IMZ at the same application rate listed above. 
Pesticide free microcosms containing soil, water and carrier solvent were also prepared and 
analyzed (4 samples at both sampling intervals).  
 
Germination inhibition tests with Lactuca sativa – Seed germination and root elongation tests 
were employed to evaluate toxicity of TB, IMZ and degradation products in soil and water. A 5 
mL aliquot of overlying water was added to a petri dish (100 cm) fitted with Whatman No. 1 
filter paper. For analysis of soil, air-dried sediment (5 g) was added to a petri dish fitted with 
filter paper and 5 mL tap water added. For both sample types, four replicates for each microcosm 
containing 10 lettuce seeds were incubated for 72 h at 25°C in the dark. Reference toxicant (100 

Treatment pH EC 
(dS m-1) 

Organic 
matter 

(%) 

Water 
retention  

(1 atm; %) 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) 

None 4.52 0.27 4.19 34.3 22 27 51 
Autoclaved 4.31 0.72 4.01 9.17 23 27 50 



µg L-1 prosulfuron) and negative control samples (tap water only) were run alongside microcosm 
samples to insure testing conditions were suitable. 
 
Germination inhibition test data analysis ‒ Root elongation and seed germination results were 
combined according to the equation:  
 
𝐺𝐺 = 𝐺𝑠𝐿𝑠

𝐺𝑐𝐿𝑐
      (1) 

 
Where GI is the germination index, Gs and Gc are seed germination (%) and Ls and Lc are the 
root elongation (mm) for the samples and controls, respectively.[15] GI is expressed as a 
percentage of the GI controls (where no inhibition = 1). 
 
Growth inhibition tests with Lemna minor ‒ Tests followed US Environmental Protection 
Agency guidelines (OCSPP 850.44) for Lemna minor toxicity. Lemna minor clones were 
purchased from Rutgers Duckweed Stock Cooperative. At both sampling intervals, three 
replicates were prepared from each microcosm using 85 mL of treatment water and four 
duckweed with an identical frond count. Reference toxicant (100 µgL-1 prosulfuron) and 
negative control (1.6 g L-1 Schenk and Hildebrandt basal salt mixture, pH 7.5) samples were 
incubated concurrently under continuous halogen light. Growth (frond count) and morphology 
were monitored at least every 3 days over the 7 day growing period. Pesticide residues, dissolved 
oxygen and pH were measured at the start and termination of the test. 
 
Data analysis ‒ For TB and IMZ degradation, a pseudo-first order model was assumed. 
Dissipation half-lives were determined by fitting a linear regression to log-transformed 
concentration of pesticide residues vs. time. Differences between treatments were determined 
using an ANCOVA test for equality of slopes at 95% confidence using JMP 12.1.0 (SAS 
Institute, Cary, NC). 
 
Results and Discussion 
 
Imazosulfuron degradation ‒ IMZ half-lives in non-autoclaved soil were significantly shorter 
than those in autoclaved soil, indicating the importance of metabolism by soil bacteria 
(P<0.0001; Fig 2). Others have also noted the importance of biotic degradation to decay rates of 
this agent.[8] Measured half-lives (29±2 and 69±7 days for intact and autoclaved soils, 
 
Table 2. Summary of recovery experiments for IMZ and TB with collected soil (n=3). 
 

Treatment IMZ spike 
concentration 

IMZ 
recovery 

TB spike 
concentration 

TB 
recovery* 

Autoclaved 170 µg/kg 95±4% 3.9 mg/kg 109±9% 
10 µg/kg 101±8% 0.2 mg/kg 78±4% 

Non-
autoclaved 

170 µg/kg 97±3% 3.9 mg/kg 93±3% 
10 µg/kg 103±5% 0.2 mg/kg 91±9% 

 
*Values corrected for background TB residues 



respectively) were in good agreement with previously published results (32-60 and 60 d for 
oxidative live and sterilized conditions, respectively).[7-9, 16] 
 
No difference in degradation rates was observed when IMZ was applied in combination with TB, 
either in autoclaved or intact soil (P>0.1 & P>0.27, respectively; Fig. 3). Though soil bacteria 
were not directly monitored, this finding indicates that any shifts in the soil community caused 
by TB treatment were not sufficient to affect IMZ metabolism. This data provides further 
validation of a previous study that investigated TB application and reported only limited and 
transient changes.[17] 
 
Three products have been identified for IMZ degradation in soil, ADPM and IPSN, formed via 
cleavage of the sulfonylurea bridge, and HMS, (1-(2-chloroimidazo[1,2-α]pyridon-3-ylsulfonyl)-
3-(4-hydroxy-6-methoxypyrimidin-2-yl)urea), an o-demethylated product formed via 
metabolism by bacteria and fungi.[6, 7] Attempts to synthesize HMS were not successful, so this 
product could not be quantified. Previous reports indicate a maximum 5% conversion of IMZ to 
HMS in flooded aerobic soil, occurring after 60 d incubation.[8] ADPM and IPSN combined did 
not exceed 10% of applied IMZ in samples. This finding is not surprising; non-extractable 
residues in excess of 70% have been previously reported for IMZ and its degradation 
products.[8] 
 
 
 

 
 

Figure 2.  Imazosulfuron (IMZ) decay in non-autoclaved (blue circle) and autoclaved soil (grey 
square). Points represent mean; error bars are standard deviation (n=4). 
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Figure 3.  Observed pseudo-first order degradation rates for imazosulfuron in different soil 
treatments. Bar graphs represent mean; error bars are standard deviation (n=4). 
 
Thiobencarb degradation ‒ TB degradation was not observed in autoclaved or intact soil 
(P>0.47 accept H0: slope = 0; Fig. 4). Previous reports have shown TB is recalcitrant under dark 
flooded conditions.[18] The collected soil was gathered from a field which was previously 
treated with TB, but not IMZ and trace levels of TB (0.16 mg/kg) were detected in no-pesticide 
controls. TB residues in these samples, which contained no IMZ, were also unchanged 
throughout the test period, indicating IMZ treatment did not inhibit TB degradation.  
 
 

 
 

Figure 4.  Recovery of thiobencarb (TB) from intact (blue squares) and autoclaved (orange 
triangles) soil. Points represent mean; error bars are standard deviation (n=4). 

0.00

0.01

0.02

0.03

 IM
Z 

k o
bs

 (d
-1

) 

IMZ IMZ & TB
Autoclaved IMZ Autoclaved IMZ & TB

0

20

40

60

80

100

120

0 10 20 30 40 50 60

%
 m

ol
s a

pp
lie

d 
TB

 

Time (d) 

TB + IMZ TB + IMZ (autoclaved)



 
 
Figure 5. Germination inhibition (expressed as a fraction of the control) of Lactuca sativa seeds 
in A) soil and B) overlying water. Pesticide free microcosms (-) are depicted in blue and 
pesticide added (+) microcosms are depicted in red. Vertical lines represent median value. Ends 
of box represent 1st and 3rd quartiles. Lone points are outliers. Letters not connected by the same 
letter are statistically different (Soil P<0.0159; Water P<0.0080). 
 
Germination inhibition of Lactuca sativa ‒ In soil, incubation time (0 vs. 30 d) and not pesticide 
application (blank vs. treated) caused differences in germination inhibition (Fig. 5). Enhanced 
inhibition in 30 d samples could have been caused by bacterial inhibition of the seedlings or 
reduced availability of nutrients due to depletion by soil organisms.  
 
In tests with overlying water collected at day 0, no inhibition was observed in untreated samples 
while herbicide containing water significantly repressed germination (0.45±0.04 and 0.98±0.04 
for treated and blank microcosms, respectively; P<0.0001). By the end of the holding period, 
differences in inhibition between herbicide-treated and non-treated microcosms were eliminated 
(0.70±0.04 and 0.69±0.04 for positive and negative microcosms, respectively; P>0.99). 
Inhibition was observed in day 30 tests, but this was unrelated to pesticide application. Because 
Lactuca sativa are used as model organisms for weeds, these results suggest this herbicide 
combination will behave ideally in a rice field by providing initial control of weeds with the 
holding period providing sufficient time for elimination of phytotoxicity.[19]  
 
Growth inhibition of Lemna minor ‒ At both 0 and 30 d, Lemna minor growth was inhibited in 
herbicide-dosed microcosms relative to untreated microcosms (77±4 and 79±4% inhibition 
relative to control, respectively; Fig. 6). Quantification of TB and IMZ residues in water from 
herbicide-treated microcosms has IMZ concentration of 82±7 µg L-1 at day 0 and 21±1 µg L-1 at 
day 30, while TB was always below limits of quantification (1 µg L-1). Quantitative analysis of 
residues points to IMZ and not TB as the cause of growth reduction in the microcosms. 
Sulfonylureas like IMZ are effective at low concentrations, with Lemna growth inhibited at 1.5  



 
 
Figure 6. Germination inhibition (%) of Lemna minor seeds in overlying water. Pesticide free 
microcosms (-) are depicted in blue and pesticide added (+) microcosms are depicted in red. 
Vertical lines represent median value. Ends of box represent 1st and 3rd quartiles. Lone points are 
outliers. Letters not connected by the same letter are statistically different (P<0.0001). 
 
µg L-1.[20] IMZ residues should be rapidly attenuated in sunlit fields, where direct photolysis 
will rapidly cleanse the compound from water (>98% dissipation ~24 d).[14] 
 
Objective II. Soil degradation of benzobicyclon hydrolysate (BH) 
 
Introduction & Background 
 
Herbicide resistance remains a significant issue in California rice fields, as several weed species 
have grown resistant to one or more currently used herbicides.[1] Butte (active ingredient 
benzobicyclon) is currently undergoing registration through the California Environmental 
Protection Agency (CalEPA) to combat resistant species. Benzobicyclon, a pro-herbicide, forms 
the active herbicide, benzobicyclon hydrolysate (BH) upon reaction with water. BH acts as a 4- 
 

 
 

Figure 7. Structures of benzobicyclon and benzobicyclon hydrolysate. 



Table 3. Select soil properties. 
 

Soil pH % OM CEC (meq/100g) % Sand % Silt % Clay 
Unaltered 4.52 4.19 26.5 22 27 51 
Autoclaved 4.31 4.01 25.4 23 27 50 

 
hydroxyphenylpyruvate dioxygenase (4-HPPD) inhibitor in weeds, leading to plant bleaching 
and death.[2] If approved for use by the CalEPA, Butte may be able to be applied to California 
rice fields as soon as the 2017-growing season.  
 
Application of Butte to a flooded field (the current proposed application method) will release BH 
over time through benzobicyclon hydrolysis. The kinetics of benzobicyclon transformation to 
BH in field water and HPLC water at pH 4, 7, and 9 were characterized in 2015 and recently 
published in the literature.[3] Additionally, the potential of BH to hydrolyze was also 
investigated. The half-life of benzobicyclon in field water ranged from 7 hours to 34 hours, 
depending on temperature (35oC and 15oC, respectively). Overall, benzobicyclon is expected to 
completely convert to BH within 9 days in a flooded field. BH was found to be relatively stable 
to hydrolysis.  
 
As hydrolysis of benzobicyclon is rapid and the fate of the active herbicide has not been 
previously studied, focus has been transferred to determining the dissipation of BH in California 
rice fields. Hydrolysis is not a significant contributor to BH environmental fate, indicating the 
herbicide will have the opportunity to interact with the field soil. BH soil dissipation has not 
been previously examined. In this study, one rice field soil was used as a model system for 
investigating BH soil degradation. The effect of temperature (15, 24, and 35oC), oxygen 
(anaerobic and aerobic), and mechanism of degradation (abiotic and biotic) were assessed. 
 
Materials and Methods 
 
Soil collection and analysis. Field soil, collected from the Rice Experiment Station in Biggs, CA, 
was sieved to ≤ 2.0 mm in the field, homogenized, and stored at 4oC for less than three months 
prior to use. The UC Davis Analytical Laboratory characterized soil properties (Table 3).  
 
Soil degradation. The OECD 307 guideline for soil degradation studies was adapted for this 
experiment.[4] Twenty-five grams of soil were weighed into amber bottles and either kept 
flooded with 50 mL water (anaerobic) or at approximately 40% water holding capacity (aerobic). 
Soil was either left unaltered (abiotic and biotic degradation) or autoclaved as a sterilization 
measure (abiotic degradation only). Hydrolytic controls were used to measure BH loss due to 
abiotic hydrolysis. Samples were kept in the dark to avoid loss via photolysis. BH was added to 
each sample at field relevant concentration (0.3 mg/kg) and incubated at 15, 24, or 35oC. 
Samples (triplicate) were removed and extracted over time using a modified QuEChERS method 
to be analyzed via LC-MS/MS. 
 



Calculations. The rate of soil degradation was calculated as a pseudo-first order loss: 
 

 

ln Ct[ ]= −kSDt( )+ ln C0[ ]    (2) 
 
where Ct is the concentration after time t, kSD is the soil degradation rate constant, t is time, and 
C0 is the initial concentration. Using kSD, the half-life is calculated as: 
 

 

t1/ 2 =
ln(2)
kSD

      (3) 

 
where t1/2 is the half-life (in days). 
 
Results and Discussion 
 
The results reported are preliminary and based on the first thirty days of the experiment. Samples 
were taken for another ninety days for a total experiment length of 120 days. Analysis of blanks 
showed no inherent BH was present in the soil. Hydrolytic controls indicate no significant loss of 
BH over 30 days. 
 
Table 4 summarizes the preliminary soil degradation rate constants and half-lives for BH. Under 
flooded (anaerobic) conditions, BH appears to degrade more slowly than in non-flooded 
(aerobic) conditions. In fact, under 24oC, BH is relatively recalcitrant in anaerobic systems 
(autoclaved and unaltered). Only at 35oC is degradation observed in the unaltered flooded soil 
(t1/2 ~ 71 days), but not in autoclaved soil. BH is more labile in aerobic soil by comparison, 
regardless of temperature or sterilization condition. For example, at 24oC in unaltered soil, the 
half-life for BH in anaerobic soil was 385 days compared to 72 days in aerobic soil. In general, 
autoclaved soils yielded larger half-lives for BH compared to unaltered soil half-lives, indicating 
biotic degradation is occurring in the unaltered soils to varying degrees. 
 
Though autoclaving is an accepted and frequently used soil sterilization process, soil autoclaved 
in this study tested positive for microbial activity in preliminary studies prior to the start of the 
experiment (data not shown). While autoclaved soil microbial activity was lower than activity in  
 

Table 4. Preliminary BH soil degradation rate constants (kSD) and half-lives (t1/2). 

 



unaltered soil, any measured activity suggests the soil is not truly sterile. However, most of the 
microbiome appears to be removed in autoclaved soil, therefore it can still be used as a quasi-
control for abiotic degradation. Indeed, Table 4 indicates BH in autoclaved soil underwent 
significantly less degradation than in unaltered soil, most likely due to the removal of microbes 
capable of degrading BH. The remaining microbial community does not appear to impact BH 
degradation in autoclaved soil at low temperatures (< 24oC). The increased loss observed in 35oC 
autoclaved soil compared to other temperatures could be due to the surviving microbes, 
increased abiotic degradation, or both.  
 
Objective III. Air-water and soil-water partitioning of Coragen (Chlorantraniliprole)  
 
Introduction 
 
Chlorantraniliprole (CAP, Figure 8), the active ingredient of Coragen, is part of an emerging 
class of pesticides known as the anthranilic diamides. It was registered with the US 
Environmental Protection Agency (EPA) in 2008 for agricultural use along with CA Department 
of Pesticide Regulation (DPR) for use on rice in 2016. CAP is a potent agonist of insect 
ryanodine receptors. The primary insect pest in California rice fields is the rice water weevil 
(Lissorhoptrus oryzophilus Kuschel) whose larvae account for 10-25% losses in annual yield 
through extensive root pruning.[1] CAP has multiple advantages over current chemical controls 
for the rice water weevil. For example, CAP would be applied directly to the soil before flooding 
to target weevil larvae, which reduces the need for carefully-timed applications. Additionally, 
CAP is less toxic to non-target organisms such as bees and crayfish due to the specificity of its 
mode of action.[2,3] 
 
CAP is a neutral species at environmentally relevant pH (pka = 10.88) with low water solubility 
(1.023 mg/L @ 20˚C), low vapor pressure (6.3x10-12 Pa @ 20˚C), and a moderate octanol-water 
partitioning coefficient (log Kow = 2.77 @ 20˚C). Based on these properties reported by the 
registrant, CAP has the potential to be persistent and mobile within both terrestrial and aquatic 
environments.[4] 
 

 
Figure 8. Chlorantraniliprole, the active ingredient of the insecticide Coragen. 

 
 



Materials and Methods 
 
Air-water and air-soil partitioning estimation. The air-water partitioning of CAP was 
characterized through calculation of Henry’s Law constants (KH) using methods developed by 
Sepassi et al,[5] Lee et al,[6] and Schwarzenbach et al.[7] The Henry’s law constant of CAP was 
calculated, rather than experimentally derived, due to the low value (3.1x10-15 atm∙m3∙mol-1 at 
20˚C) reported to the EPA. The Henry’s law constant can be calculated theoretically using 
equation 4:[7] 
 
KH = VP

Cwsat
       (4) 

 
where KH, VP, and Sw are the Henry’s law constant, vapor pressure, and water solubility of CAP 
at a given temperature. The vapor pressure used in equation 4 was calculated using equation 
5:[5] 
 
logVP = − (50−19.2 log(σ)+7.4τ)(Tm−T)−(88+0.4τ+1421HBN)(Tb−T)

19.1T
+ (−91−1.2τ)

19.1
�(Tb−T)

T
− ln (Tb

T
)� (5) 

 
where σ and τ describe the symmetry of the compound, HBN is the hydrogen bonding number, 
Tm and Tb are the melting point, boiling point and T is the temperature of interest. The water 
solubility used in equation 1 was calculated by the AQUAFAC group contribution method. [6] In 
this method the structure of CAP was broken down into pre-defined AQUAFAC groups with set 
parameters describing the impact on solubility that were used in equation 6: 
 
logXw = −0.01(Tm − T) − ∑ nq          (3) 
 
where Xw is the mole fraction of CAP in water, q is the AQUAFAC group parameter and n is the 
number of times the respective group occurs within the molecule.  
 
Soil-water partitioning. Soil samples were collected from the top 10 cm of three rice fields in 
Davis, Richvale, and Biggs, CA. Soil pH, texture, and organic content were characterized by the 
UC Davis Analytical Laboratory. Sorption and desorption isotherms will be derived using the 
batch equilibrium method at 15, 25 and 35˚C. Soil samples will be weighed into 50 mL light-safe 
polypropylene centrifuge tubes with 0.01 M CaCl2 (aq) added at a ratio of 1:2 to ensure adequate 
sorption. Samples will be equilibrated for 24 hours before spiking to 0.02 – 0.8 µg∙g-1 CAP 
(<0.1% methanol). Four replicates of each spike level along with hydrolytic controls and a blank 
soil checks will be run with each isotherm. Sorption and desorption isotherms will be obtained 
separately in order to accommodate destructive sampling of the soil for mass-balance 
calculations. Soil and aqueous layers will be separated via centrifugation such that the aqueous 
phase may be sampled by liquid-liquid extraction and the soil sampled using a modified 
QuEChERS extraction method. Desorption studies will be completed using a decant-refill 
method. Additional isotherms will be constructed by the same method using aqueous solutions of 
differing salt concentrations or by spiking the soil prior to the addition of aqueous phase in order  



 
 

Figure 9. Preliminary adsorption and desorption isotherms for CAP on rice field soil. 
 
to identify the effect of salinity and field application practices on the partitioning of CAP in CA 
rice fields.  
  
Results and Discussion 
 
Air-water partitioning. The calculated values for KH ranged from 7.15 x 10-13 L∙atm/mol at 15˚C 
to 1.11 x 10-11 L∙atm/mol at 35˚C; indicating that volatilization will not be a significant 
dissipation route of CAP from rice fields. 
 
Soil-water partitioning. Preliminary adsorption and desorption isotherms are presented in Figure 
9. The soil-water partitioning coefficient (KD) and organic carbon normalized partitioning 
coefficient (KOC) were calculated as 5.5 L/kg and 230, respectively. The average percentage of 
CAP that desorbed from the soil was 13 ± 2.8 %. This data indicates that while CAP does not 
strongly sorb to soil from water, once sorbed it may not readily desorb from soil into water. 
 
Objective IV. Fate modeling of thiobencarb in aquatic systems downstream from rice fields 
 
Introduction 
 
Thiobencarb (TB, Figure 10), the active ingredient of Abolish and Bolero, is a systemic pre-
emergence carbamate herbicide used to control annual grasses and broadleaf weeds.[1] 
Approximately 84,000 acres of rice were treated with a total of 289,000 pounds of TB in 
California during 2013.[2] Abolish, an emulsifiable herbicide, can be applied directly to soil both 
pre-flood and after draining. Bolero, a granular herbicide, is applied to field water post-flood. In 
order to comply with the California MCL of 70 ppb and secondary MCL of 1 ppb in surface 
waters determined by the Office of Environmental Health and Hazard Assessment mandatory 
water hold times for treated fields of 30 days and 19 days for Bolero and Abolish respectively 
have been established. [3,4] Even with the implementation of hold times TB has been detected in 
Sacramento surface waters above the secondary MCL; [5] requiring that the environmental fate 
and regulations associated with TB be revisited. 



 
 

Figure 10. Structure of thiobencarb. 
 
TB has moderate water solubility (30 μg/mL) and low vapor pressure (1.5x10-5 torr @ 20˚C) 
with a moderately high octanol-water partitioning coefficient (logKow= 3.4). Additionally, TB is 
acutely toxic to aquatic organisms and has been shown to bioconcentrate in some species of fish, 
clams, and shrimp.[1,6,7] Based on these properties TB is likely to adsorb to soils or remain 
partially in the aqueous phase depending on the soil properties at the site of application. 
 
Materials and Methods 
 
Model Descriptions. A model capable of predicting TB concentrations downstream from rice 
fields based on application practices and water flow was developed using two pre-existing 
models: the Pesticides in Flooded Applications Model (PFAM) and the One Dimensional 
Transport with Inflow and Storage model (OTIS). 
 
PFAM (Pesticides in Flooded Applications Model) – PFAM was developed and made 
available without charge by the USEPA. It is a three compartment model (Figure 11) that 
incorporates partitioning (soil, air, and water), chemical processes (hydrolysis, photolysis, & 
microbial degradation) and daily meteorological data (temperature, wind speed, evaporation, & 
precipitation) in order to track both flood depth and chemical concentrations within the soil and 
water compartments. Furthermore, the model allows the user to control how frequently pesticide 
is applied, the mass applied during each application, weir levels along with the number and 
frequency of flood events, and the rate of plant growth. Full documentation is available through 
USEPA.[8] 
 

 
 

Figure 11. PFAM model conceptualization from US EPA user guide. [8] 
 



 
 

Figure 12. OTIS model conceptualization from USGS OTIS documentation. [9] 
 

 
 

Figure 13. Thiobencarb model conceptualization. 
 
OTIS (One Dimensional Transport with Inflow and Storage) – OTIS was developed and 
made available without charge by the USGS. It is a transport model used to simulate the 
transport of chemicals through streams and rivers with the optional inclusion of transient storage, 
sorption, and first order decay processes (Figure 12). OTIS uses user constructed input files to 
define the physical description of the river (length, cross sectional area, & flow) as well as the 
chemical properties of the solute being transported. Full documentation is available through 
USGS. [9] 
 
Thiobencarb fate model. A complete conceptualization of the model is available in Figure 13. 
The user first uses PFAM to obtain daily TB concentrations in a typical California rice field. The 
PFAM output is then adjusted to account for dilution based on the flow in the Colusa Basin 
Drain to create the upstream boundary condition input for OTIS. Three separate reaches were 
used within OTIS to describe the river system of interest; the first was used to describe the sub 
watershed or paths taken by the water before reaching the Colusa Basin Drain, the second 



described the Colusa Basin Drain, and the third represented the Sacramento River. The 
concentration of TB in the water was calculated at two points along the path that correspond with 
TB monitoring locations CBD5 and SAC. 
 
Model Inputs. PFAM – TB parameter inputs are detailed specifically in Table 5. Daily 
meteorological data from Nickels Soils Lab was downloaded from the UC Davis IPM website; 
missing data was substituted with that from the previous day in order to have continuous input. 
Flood depth was established in a single event and maintained constant throughout the simulation. 
A single post flood application of 3.93 kg/hA, with a slow release of 0.31/day to simulate 
granular formulations;[10] the application rate was determined using the average rate TB  was 
applied during 2014 in Glenn and Colusa counties according to DPR pesticide use reports.  
PFAM default values were used for the physical description of the water column and benthic 
region. 
 
OTIS – OTIS requires three user generated files: the control file, parameter file, and flow file. 
Information regarding the format and contents of these can be obtained from the OTIS 
Documentation provided by the USGS. For the Thiobencarb Fate Model it was assumed that 
there was no transient storage, that first order decay proceeded with a half life of 8.7 days (as 
used in PFAM), and that TB dispersion within each reach was uniform and equal to the default 
0.05 m2/s. Sorption was assumed constant between all reaches with a half life of 4h for the 
purposes of calculating the first order rate constant. [12] 
 
Flow data was obtained from cdec.water.ca.gov at monitoring stations CDR and VON for the 
Colusa Basin Drain and Sacramento River, respectively. In the case that the flow for a given day 
was below the rate table (> 1.0 cfs) the value was defaulted to 0.1 cfs. The Sacramento lateral 
inflow was calculated as the difference between the flow at VON and that at CDR and assumes a 
linear path, and no water diversion or recycling out of the Colusa Basin Drain. The cross 
sectional area of each reach was assumed constant and was calculated using river stage data from 
the CDR and VON monitoring stations and estimated widths of 15 and 200 m respectively. The 
length of reach 2 (Colusa Basin Drain) and reach 3 (Sacramento River) were estimated using 
Google maps, and the length of Sacramento River that was simulated extended beyond the 
monitored intake in order to allow for a downstream boundary condition of 0 as recommended 
 

Table 5. Input parameters for PFAM describing the properties and first order decay of TB. 
 

Parameter Value Source 
Water Column Half Life @ 25˚C 8.7 days [1] 

Bethic Compartment Half Life @ 25 ˚C 300 days [1] 

Unflooded Soil Half Life @ 25 ˚C 40 days [1] 

Aqueous Photolysis Half Life @ 40˚ Lat 190 days [1] 

Hydrolysis Half Life 1e8 days [1] 

Koc 1380 mL/g [1] 

Molecular Weight 257.8 g/mol [1] 

Vapor Pressure 1.5e-5 torr [1] 

Solubility 2.75 mg/L [1] 

Heat of Henry 45727 J/mol [11]  



 
 
Figure 14. Predicted thobencarb concentrations and monitoring data collected at CBD5 for 2014. 
 

 
 
Figure 15. Predicted thobencarb concentration and monitoring data collected at CBD5 for 2015. 

 
by the USGS. The length of reach 1 (sub watershed) was adjusted to a final value in order to fit 
the model to provided monitoring data. 
 



Output from PFAM was adjusted with a dilution factor and used as the input for the upstream 
boundary condition of OTIS. To do this it is assumed that the water released from rice fields 
containing TB was due to leakage, that it was uniform across all fields and equal in magnitude to 
that calculated in Linquist et al, 2015. [13] Leakage was converted to a flow value based on the 
total acres in Glenn and Colusa counties that TB was applied to; the ratio of the flow out of the 
fields to the flow at CDR was used as the dilution factor for the PFAM outputs. In situations 
where the flow at CDR was abnormally low resulting in a ratio greater than one, the dilution 
factor was defaulted to one rather than allowed to act as a concentration factor. Finally, because 
the area treated in Glenn and Colusa counties was not available for 2015 it was estimated using 
the statewide acreage multiplied by the ratio of county to state application acreage from 2014. 
 
Results and discussion 
 
The model fit to 2014 data is presented in figure 14 and the predicted 2015 detections are 
presented in figure 15. The model fits the data well for both years at the Colusa Basin Drain; 
however without monitoring data to ‘train’ the model for the Sacramento River the models 
predictions at the SAC location cannot be validated. 
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SUMMARY OF 2016 RESEARCH (major accomplishments) BY OBJECTIVE: 
 
Objective I. This study supports the current registration of this herbicide formulation on rice, as 
well as the implementation of the 30 d holding period. Co-application of the herbicides did not 
shift degradation rates of either chemical. Lactuca sativa germination inhibition observed 
immediately after application of the herbicides was subsequently eliminated at the end of the 
holding period. With the inclusion of sunlight, IMZ levels in water should be rapidly depleted 
below Lemna minor growth inhibition concentrations. A field study, where the full suite of 
dissipation processes are at work, including plant uptake, photolysis, volatilization and 
degradation in biofilm, would demonstrate faster dissipation rates than reported in this 
conservative study. Future studies should examine the commercially available formulation, 
which may display different partitioning behavior and therefore different overall fate kinetics 
relative to the pure chemicals. 
 
Objective II. Overall, the preliminary results suggest soil degradation of BH does not appear to 
be rapid, though aerobic conditions and higher temperatures increase BH loss. More soils should 
be tested in future studies to increase understanding of the soil behavior of BH. Future work will 
focus on BH sorption using the soil from this study. Photolysis of BH will also be examined. 
 
Objective III. Due to its calculated Henry’s law constant volatilization is not expected to play a 
part in dissipation from application sites. Additionally, preliminary soil-water partitioning results 
indicate that CAP may not sorb tightly to soil from water; however CAP may not readily desorb 
so its application directly to soil could result in persistent CAP residues in field soils. Further 
research should be conducted to characterize the environmental fate of CAP under simulated 
California rice field conditions under three categories: 1) soil adsorption and desorption, 2) 
photolysis on soil surfaces under dry and flooded conditions, and 3) aerobic and anaerobic soil 
microbial degradation. 
 



Objective IV. The model fits the data well for both years at the Colusa Basin Drain; however 
without monitoring data to ‘train’ the model for the Sacramento River the models predictions at 
the SAC location cannot be validated. Future work should assess the sensitivity of the model to 
changes in different input parameters as well as its ability to continue to predict TB 
concentrations over multiple years. 
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CONCISE GENERAL SUMMARY OF CURRENT YEAR’S RESULTS: 
 
1. The overall goal of our ongoing research program is to characterize the dissipation of 

pesticides under California rice field conditions. There are generally four contributing 
processes are investigated: volatilization to air, sorption (bonding) to soils, and degradation 
by either sunlight or soil microbes.  

 
2. For League MVP, presence of the two active ingredients (imazosulfuron and thiobencarb) 

did not alter the microbial degradation rates of either chemical. Germination inhibition 
observed with lettuce immediately after League application was subsequently eliminated at 
the end of a modeled 30-day holding period. Thus, in flooded rice fields imazosulfuron 
concentrations should rapidly decline due to degradation via both sunlight and soil microbes, 
resulting in no observable herbicidal activity after 30 days.  

 
3. For Butte, preliminary results suggest microbial degradation of the active agent 

(benzobicyclon hydrolysate; BH) is more rapid under aerobic versus anaerobic soil 
conditions. However, only anaerobic processes appear to be directly temperature dependent, 
as they accelerate under warmer conditions. 



4. For Coragen, modeling has shown that volatilization is not expected to be a significant 
contributor to field dissipation, even under higher temperatures. However, even though it 
possesses some water solubility, it also moderately adheres to field soils, resisting desorption 
back to water. Thus, the mobility of Coragen, particularly to leave a flooded rice field upon 
drainage, may be limited. 

 
5. For thiobencarb (TB), a model capable of predicting TB concentrations downstream from 

rice fields based on application practices and water flow was developed by combining two 
current models: the Pesticides in Flooded Applications Model (PFAM) and the One 
Dimensional Transport with Inflow and Storage Model (OTIS). When applied to TB, with 
numerous assumptions to account for unavailable data, the hybrid model closely predicted 
TB concentrations at the Colusa Basin Drain for the drought years 2014 and 2015; it proved 
less reliable for the Sacramento sampling location. 


