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OBJECTIVES AND EXPERIMENTS CONDUCTED BY LOCATION TO 

ACCOMPLISH OBJECTIVES: 

 

Objective I. To investigate the natural factors governing pesticide dissipation in 

California rice fields. Emphasis for 2010 was on characterizing photodegradation of 

Trebon (etofenprox) under California rice field conditions. 

 

Objective II. To investigate the natural factors governing pesticide dissipation in 

California rice fields. Emphasis for 2010 was on characterizing photodegradation of 

Cerano (clomazone) under California rice field conditions. 

 

Objective III. To investigate the natural factors governing pesticide dissipation in 

California rice fields. Emphasis for 2010 was on characterizing volatilization and soil 

sorption of Poncho (clothianidin) under California rice field conditions. 

 

Objective IV. To investigate the natural factors governing pesticide dissipation in 

California rice fields. Emphasis for 2010 was characterizing the potential for 

volatilization of a new herbicide of interest to the RRB under California rice field 

conditions. 

 

SUMMARY OF 2010 RESEARCH (MAJOR ACCOMPLISHMENTS) BY 

OBJECTIVE: 

Objective I – Photolytic Degradation of Trebon (etofenprox) 

Introduction 

 



Degradation via sunlight can be a major dissipation pathway for pesticides, leading to 

diminished persistence in the air, water and soil surface environments. Class et al. (1989) 

indicated permethrin, an ester pyrethroid, to be more photo-labile than Trebon 

(etofenprox), an ether pyrethroid. This study did not include water as a solvent due to the 

extreme insolubility of Trebon in water and thus, a completely aqueous photolytic study 

is not practical. Our previous work (Vasquez et al., 2010; Vasquez et al., in press) 

suggests Trebon will rapidly dissipate from water and sorb to soils where it can be 

degraded by soil microbes (slowly under anaerobic conditions). A photolytic degradation 

of Trebon study from a soil surface is more relevant to an agricultural environment 

(based on behavior in lab experiments once it is applied). Due to periods of flooded and 

non-flooded field conditions in California rice culture, we have characterized the photo-

induced degradation of Trebon in a bound state on an air-dried and flooded California 

rice soil surface. To rule out complicating soil factors, Trebon photolytic degradation also 

was examined on a glass (mineral) surface alone. This study aimed to describe the 

photolytic degradation of surface-sorbed Trebon by determination of the dissipation rate 

constant (k), the half-life (t1/2) of Trebon and quantification of photo-induced degradation 

products under simulated California summer rice field conditions.  

 

Materials and Methods 

 

Chemicals. Trebon (2-(4-ethoxyphenyl)-2-methylpropyl 3-phenoxybenzylether),  α-CO 

(2-(4-ethoxyphenyl)-2-methylpropyl 3-phenoxybenzoate) and 4’OH (2-(4-ethoxyphenyl)-

2-methylpropyl 3-hydroxybenzyl ether) were supplied gratis by Mitsui Co. Sodium azide 

and 3-PBA (3-phenoxybenzoic acid) was purchased from Sigma, while Optima™ 

hexane, Optima™ acetone, Optima™ methanol and HPLC-grade water and acetonitrile 

were purchased from Fisher Scientific (Hampton, NH). Stock solutions of Trebon were 

prepared in methanol.  

 

Soil collection and characterization. Rice field soil was collected from the UC Rice 

Experiment Station (Biggs, CA) in June 2010; it was air-dried and ground to pass through 

a 2-mm sieve, and stored at 4°C until used. The soil was characterized by the Division of 

Agriculture and Natural Resources (ANR) Analytical Laboratory at UCD and methods 

can be found on the laboratory website (http://danranlab.ucdavis.edu/).  The soil is 

classified as an Esquon-Neerdobe thermic clay loam (USDA, 2006), representative of 

typical California rice growing soil. 

 

Soil layer preparation. Twenty grams of soil were spread evenly into a Pyrex petri dish 

(100-mm diameter) yielding a 2-mm thick soil layer as described by Graebing, et al. 

(2004). All soil plates were autoclaved 3 times to control for microbial activity and were 

kept covered during experiment with Pyrex lids. Plates used to simulate soil surface 

photolysis in a flooded field maintained a 4-mm water (autoclaved) layer. Trebon (150 ug 

in 250 uL methanol) was added evenly to the soil or water surface for air-dried soil 

samples or flooded soil samples, respectively, as well as to plates without soil. Plates 

were allowed to stand for 24 hours in the dark to allow for solvent evaporation, before the 

start of the photoperiod in photochamber. 

 



Photochamber and exposures. Four (4W) broad UV (300±50nm) spectrum lights 

(Southern New England, Branford, CT) were mounted 270 mm directly above the soil 

surface. The photochamber was wrapped with reflective paneling to prevent light 

escaping. Pyrex covers were placed on petri dishes to filter light below the solar cutoff of 

295 nm. The intensity of light (7.4 W/m
2)

 exposure at the soil surface was measured with 

a portable radiometer, and was comparable to the intensity of sunlight in a typical 

California rice field during the summer growing season (noon, June). For comparison, a 

radiometer reading of 11.4 W/m
2
 was measured on the roof of Meyer Hall at noon on 

June 30, 2010. The temperature (28°C) in the photochamber was maintained with two 

cooling fans and exhaust ducts. Control samples were placed in the photochamber but 

covered with aluminum foil to prevent exposure to the simulated sunlight. All photo-

exposed and dark control samples were prepared in triplicate for each time interval 

(0,1,2,3,4,5,7,10,15,20,29 days or 0,1,2,3,5,8,15,24,48,72 hours for plate only 

experiment). At each interval, petri dishes were solvent rinsed and extracts collected and 

analyzed for Trebon and photoproducts by LC/MS/MS. 

 

Extraction and Analysis. Soil plate contents were quantitatively transferred to 300-mL 

amber bottles with 50 mL of acetone and were placed on a platform shaker at 135 rpm 

overnight. Acetone extracts were vacuum filtered and soil cake was washed with acetone. 

The acetone extract was blown down to 10 mL under nitrogen gas (room temperature) 

and 30 mL of water was added for air-dried soil extracts and 10 mL for flooded soil 

extracts. The acetone-water extracts were liquid/liquid extracted with hexane 3 times (10 

mL) and brought to dryness under nitrogen gas (room temperature). Plates without soil 

were acetone rinsed (15 mL) and the acetone extract was brought to dryness under 

nitrogen gas. The residues were dissolved in 2 mL of 40:60 acetonitrile:water, filtered 

(0.45 um) and then analyzed by LC/MS/MS. Analysis of Trebon and photoproducts was 

described previously (Vasquez et al., in press). Briefly, LC/MS/MS analysis was 

performed using a HP 1100 HPLC (Palo Alto, CA) coupled to an Applied Biosystems 

Sciex 2000 triple quadrupole LC/MS/MS (South San Francisco, CA) using electrospray 

ionization (ESI). Chromatographic separation of Trebon and its degradation products was 

performed using a Titan C18 analytical column (Peeke Scientific, 5 um, 2.1 mm ID x 100 

mm), 0.25 mL/min flow rate, and 40-uL injection. The solvent gradient profile was as 

follows: 0-4.5 min, 40:60 acetonitrile (0.1% ammonium acetate): water (0.1% ammonium 

acetate); 4.5-10 min, 95:5 acetonitrile (0.1% ammonium acetate): water (0.1% 

ammonium acetate); 11-20 min, 40: acetonitrile (0.1% ammonium acetate): water (0.1% 

ammonium acetate). The gradient profile for 3-PBA determination was as follows: 0-6 

min, 20:80 acetonitrile (0.1% acetic acid): water (0.1% acetic acid); 6-15 min 40:60 

acetonitrile (0.1% acetic acid): water (0.1% acetic acid). Transition ions and MS/MS 

parameters are summarized in Table 1. Trebon, α-CO, 4’OH and 3-PBA were quantified 

in multiple-reaction monitoring mode (MRM) against a second order calibration curve 

generated in Analyst software version 1.2.4 using matrix matched standards. Prior to 

injection for Trebon quantification, extracts were diluted (1/100) with mobile phase to 

produce an area response within calibration range. The instrument detection limit was 

0.01 mg/L for Trebon, 0.05 mg/L for α-CO, 0.05 mg/L for 4’OH and 0.05 mg/L for 3-

PBA, as determined by multiplying 3 times the standard deviation of replicate injections 

of low level standards. Target analyte soil extraction efficiencies are presented in Table 1. 



 

Data Analysis. Photodegradation rates constants were calculated based on first order 

kinetics where the rate constant (k) is calculated from the equation: 

Ct =Coe
-kt

  (1) 

and Co is the initial concentration (ug/g or ug/cm
2
) of Trebon, Ct is the concentration 

(ug/g or ug/cm
2
) at time t (day) and k is the first order degradation rate constant. The half 

life (t1/2) is calculated according to the equation: 

t1/2 = (ln 2)/k            (2) 

One-way ANOVA was used for comparison of degradation rates between control (dark) 

and light exposed soils. 

 

Table 1. Molecular weight (MW), multiple reaction monitoring (MRM) mass transition 

ions, MS/MS parameters (ionization mode, declustering potential (DP), focusing 

potential (FP), entrance potential (EP), collision energy (CE), collision exit potential 

(CXP)), and matrix spike recoveries (n=3) for analysis of Trebon and targeted 

metabolites by LC/MS/MS. 

Compound 

Name 

MW Mass 

Transition 

(m/z) 

Ionization 

mode 

DP/FP/EP/CE/CXP Spike % 

Recovery  

3 mg/kg 

Spike % 

Recovery 

0.5 mg/kg 

Trebon 376 394/177 + 40/400/10/20/3 95.6 80.8 

α-CO 390 408/177 + 30/400/10/19/3 92.4 74.0 

4’OH 392 410/177 + 40/400/10/55/3 89.6 73.2 

3-PBA 214 203/93 - -(40/400/10/20/3) 69.7 51.2 

 

Table 2. Properties of representative rice field soil. 

 

Sand (%) 22 

Silt (%) 32 

Clay (%) 46 

Organic Matter (%) 0.54 

Total Available Nitrogen (%) 0.057 

Nitrate (NO3) Nitrogen (ug/g) 5.39 

HCO3/CO3 (meq/L) 0.6/<0.1 

Iron, total (ug/g) 21200 

pH 6.0 

Results and Discussion 

Soil characteristics. Selected physical and chemical properties of the soil are presented in 

Table 2. The organic matter content is low (0.54%) and the clay content is high (46%) 

relative to the sand and silt fractions. These characteristics are indicative of the California 

rice growing region. 
 

Comparison of soil surface degradation rates and half lives. The pseudo-first order 

photo-induced degradation rate constants of Trebon are presented in Table 3. As shown 



in Figure 1, degradation proceeded at a faster rate (-0.0707 day
-1

, t1/2 = 9.8 days) on the 

flooded soil surface compared to the air-dried surface (-0.0393 day
-1

, t1/2 = 17.6 days). 

After 29 days of light exposure, 15.0% remained in the flooded soil layer compared to 

29.1% in the air-dried soil (Figure 1). Dissipation of the insecticide in dark controls was 

significantly different (p<0.05) compared to the light exposed surfaces indicating that 

degradation was by photolysis. Photo-induced dissipation from the air-dried soil was 

better described (r
2
 = 0.9664) by the first order model compared to the flooded soil 

surface (r
2
 = 0.6513). Different reactions occurring simultaneously at different rates in the 

flooded soil layer may contribute to the deviation from the linear first order kinetic 

model. Increased soil surface moisture levels (75% MHC versus air-dried) have been 

shown to increase esfenvalerate photodegradation rates initially but overall half lives 

were not statistically different (Graebing et al., 2004). The highly sorptive nature of 

pyrethroids is suggested to result in little movement into the subsurface soil layers with 

residues remaining in the photolytic zone (0.5 mm) whether there is moisture present or 

not (Graebing et al., 2004).  It is within this photic zone that direct photolysis is thought 

to occur (Herbert et al., 1990). In a flooded soil system, it is possible the thin water layer 

can aid the diffusion of reactive species resulting in increased rates of indirect photo-

induced chemical degradation compared to an air-dried soil surface. Reactive species 

such as hydroxyl radical are suggested to be generated by metal oxides and by excitation 

of humic substances in soils (Katagi, 2004; Ruggiero, 1999). Reactive species in the 

aqueous layer and in the soil pore water could enhance photo-induced degradation 

compared to an air-dried soil. 

 

Photodegradation from glass surface. The degradation kinetics of Trebon applied to the 

glass surface alone is presented in Table 3. As shown in Figure 1, Trebon degradation 

occurred relatively quickly on the glass surface (-1.417 day
-1

, t1/2 = 0.49 days or 11.8 

hours) compared to both flooded and air-dried soil layers (Figure 1). After 3 days of light 

exposure, 2% of the initial applied mass (Figure 1) of Trebon remained. The availability 

of the adsorbed pesticide to either absorb light directly or come into contact with a 

reactive species is less complicated by the absence of the soil layer. It is not possible to 

distinguish between direct photolysis of Trebon on the glass surface and a glass surface 

catalyzed reaction. Without the humic substances in the soil to act as a filter, photo-

sensitizer, quencher or solubilizing agent, the glass surface model is a good first approach 

to investigate surface photodegradation of pesticides (Katagi, 2004). 

 

Table 3. Pseudo-first order kinetic summary of Trebon photo-induced dissipation on an 

air-dried soil, a flooded soil and a glass surface at 28±1°C. 

Kinetic Parameters 

k  

(days
-1

) 

t1/2 

(days) r
2
 

Air Dried Soil -0.0393 17.6 0.9664 

Flooded Soil -0.0707 9.8 0.6513 

Glass plate -1.417 0.49 0.8639 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Decrease in the percent applied mass (A1, B1 and C1) of Trebon and pseudo-first order 

degradation kinetics (A2, B2 and C3) of Trebon on an air-dried soil surface (A), a flooded soil surface (B) 

and a glass surface (C) at 28°C under simulated sunlight. Points represent the mean ± SD (n=3) for dark 

control (□) and light exposed (∆) surfaces. Regression lines represent 0-29 day kinetics. 
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Identification and quantification of degradation products. Three photo-induced 

degradation products were identified: i) α-CO, the product of ether-to-ester oxidation; ii) 

4’OH, via hydroxylation at the 4’carbon of the phenoxy phenyl ring; iii.) 3-PBA, the 

ester cleavage product of α-CO (Figure 2); maximum yields formed on each surface type 

are presented in Table 4. The major product on all surfaces was α-CO, with the least 

overall amount of photoproduct formation on the air-dried soil. The air-dried soil surface 

did not contain detectable residues of 3-PBA, whereas 3-PBA was quantified on the 

flooded soil and glass surface. This is possibly a result of the higher levels of α-CO 

produced on each respective surface which yields a greater concentration of reactant 

available for ester cleavage and 3-PBA formation. The mechanism of ester cleavage is 

suggested to be different due to the absence of water available for hydrolysis of α-CO on 

the glass plate. Photolytic ester cleavage of other pyrethroids as thin films has been 

reported previously, as well as a mixture of minor photoproducts (Ruzo et al., 1982), not 

targeted in this analysis. The 4’OH photoproduct was quantifiable on all surfaces, with 

similar maximum yields as 3-PBA on the flooded soil and glass surfaces. Unidentified 

products with the same mass transition as 4’OH but different retention times were seen 

mainly on the glass plate. A combination of mineralization and targeted analysis may 

have contributed to the low mass balance. 

 

The final fate for Trebon and its photoproducts on surface soil is likely a combination of 

mineralization and tight soil sorption, as suggested for other pyrethroids (Laskowski, 

2002). Photo-induced soil surface degradation of pesticides is expected to act in 

conjunction with soil microbes to ultimately degrade and transform applied chemicals. 

Photolytic processes are reported to be more important than microbial in the degradation 

of esfenvalerate on soil surfaces (Laskowski, 2002). Similar microbial degradation 

products were identified under both aerobic and anaerobic soil incubations of Trebon 

(Vasquez et al., in press), suggesting a similar degradation pathway (different 

mechanisms) whether under abiotic or biotic control. Due to the lack of data on activity 

or toxicity of the transformation products, further study is warranted. Endocrine 

disruption by 3-PBA has been reported in a yeast based assay (Tyler et al., 2000), yet 

estrogenic activity was not exhibited in a breast cancer cell line or Sprague-Dawley rats 

(Laffin et al., 2010). 

 

Table 4.  Maximum yield of detected photoproducts (% ±SD of initial applied mass of 

Trebon, where n=3) on an air-dried soil surface, a flooded soil surface and a glass surface 

at 28±1°C. 

 

Maximum % yield of initial 

mass applied % α-CO % 4'OH % 3-PBA 

Air Dried Soil  0.2±0.1 0.2±0.1  ND 

Flooded Soil 2.4±0.4 0.3±0.2 0.6±0.3 

Glass plate 9.3±2.3 4.1±1.0 3.6±0.6 
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Figure 2. Major photo-induced transformation products of Trebon on an air-dried soil surface (A), a 

flooded soil surface (B) and a glass surface (C) under simulated sunlight at 28°C: 4’OH (∆), α-CO (□) and 

3-PBA (x). Points represent mean ± SD (n=3).  
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Sorbed Trebon underwent photolytic transformation and degradation under simulated 

California summertime field light intensity. The presence of flood water enhanced the 

degradation rate of Trebon on a soil surface. Due to the movement of residues to soils 

and solid surfaces after application, photodegradation is expected to dominate the 

dissipation of residues in a flooded field until rice plants begin to shade residues, at which 

point anaerobic microbial degradation will take over. 

 

Objective II – Photolytic Degradation of Cerano (clomazone) 

 

Introduction 

 

Cerano (clomazone) (2-[2-chlorobenzyl]-4,4-dimethyl-1,2-oxazolidin-3-one, Figure 1) is 

an herbicide used on California rice fields to control watergrass, barnyard grass and 

sprangletop, and is used elsewhere in the world to control weeds on many other crops, 

notably soybeans, cotton and tobacco. Cerano was registered for use in California in 2002 

and, as of 2007, has increased to 80,000 lbs active ingredient (a.i.) applied to 160,000 

acres (CDPR, 2007), making it one of the most popular rice herbicides in California. In 

plants, its mode of action is thought to occur via cytochrome P450 activation followed by 

carotenoid synthesis inhibition (Ferhatoglu and Barrett, 2006). Cerano is strongly water 

soluble (1100 mg/L), weakly sorptive (kd=5, koc=350 mL/g), has low vapor pressure (1.44 

x 10
-4

 torr) and is resistant to hydrolysis under a range of pHs (Senseman et al., 2007). 

These physical-chemical characteristics indicate Cerano is likely to persist primarily in 

the water column, where it was  shown (Tomco et al., 2010) that microbial degradation 

significantly contributed to the agent’s environmental fate via reduction of the N-O bond 

under anaerobic conditions, producing a half-life (t1/2) of 7.9 days. Aerobic microbial 

degradation proceeded much slower with a half-life (t1/2) of 47.3 days and there were no 

observable metabolites above the limit of quantification. 

 

Recent field studies from our lab indicate the overall field half-life to be shorter than the 

anaerobic microbial half-life (5 days vs. 7.9 days), and since the compound persists 

primarily in the water column, photolysis is believed to account for this difference. 

Cerano is postulated to absorb little light itself; hence direct photolysis is believed to be a 

minor vector governing its overall dissipation. However, recent data has shown the agent 

to be highly susceptible to biotic oxidation at a variety of positions (Yasuor et al., 2010), 

and as such, indirect photolysis, or the transformation of Cerano as a result of interaction 

with reactive soil organic matter or reactive metal complexes generated by the absorption 

of light, is believed be significant.  

 

Methods 

 

Microcosm experiments. In 60-mL borsilicate type-II vials (Wheaton USA), 50 mL 

autoclaved distilled water was added factorially to a) 12.5 g soil, b) 12.5 g triply-

autoclaved soil, or c) empty vial. Lids were screwed tight, and vials were preincubated in 

the dark for 7 days prior to Cerano addition. On day 0, 100 µg Cerano (technical grade) 

in water was added, representative of the 0.6 lbs/acre regulatory rate. Three replicates of 

each soil type (sterile, non-sterile, water) were placed in/on: i) the roof of Meyer Hall, ii) 



a 300 ± 50 nm irradiation chamber, or iii) a dark incubator. The incubator and irradiation 

chamber were maintained at 30°C, typical of daytime highs in California summers. 

Samples were extracted at 0, 1, 3, 7, 14, 21, 28, and 35 days.  

 

Extraction/analysis. Samples were extracted sequentially with water and acetonitrile to 

remove water-dissolved and soil-bound fractions, respectively. On each extraction day, 

samples were removed from the incubator, and 50 mL water was added to aerobic 

samples. Samples were shaken for 1 h and centrifuged at 1500 rpm for 15 min. The 

supernatant was decanted and filtered through a 0.2 µm acrodisk filter (Nalgene USA), 

shaken, a 1.0-aliquot amended with 
13

C-labelled internal standard, and stored for analysis 

in a -20 °C freezer. Acetonitrile (25 mL) was added to the centrifugate and shaken for 2 

h. The extract was then filtered through a Whatman #1 filter, a 1-mL aliquot solvent 

exchanged to 10:90 methanol:water by evaporation to near-dryness and resuspension, 

filtered through a 0.2 µm filter, amended with internal standard (
13

C6 Cerano), and stored 

for analysis at -20 °C. All samples were analyzed for Cerano and metabolites using 

LC/MS/MS as described in (Tomco et al., 2010). 

 

Results/Discussion 

 

Figure 1 shows the degradation of Cerano in response to location (roof, irradiation 

chamber, dark) and soil type (sterile, non-sterile, water). Each data point represents the 

sum of water-dissolved and soil-bound fractions of each sample. Data is presented on a 

semi-log scale, with C0 = 100%. All concentrations are expressed as a percent of initial 

application on a molar basis. Little to no degradation of Cerano was observed in water 

and sterilized soil samples over the duration of the experiment. Non-sterilized samples 

degraded significantly faster, with the fastest occurring in the irradiation chamber, 

followed by dark, followed by roof location. The differences between each location are 

significant, implying that photolysis may have enhanced microbial degradation in the 

irradiation chamber, but this effect is small relative to the overall microbial half-life. 

Non-sterilized samples on the roof exhibited retarded degradation compared with those in 

the dark and the irradiation chamber, potentially due to death of microbial degraders from 

photo-bleaching and the lack of temperature control inherent in samples placed outdoors. 

In all non-sterilized soil samples, RO Cerano, the primary microbial metabolite observed 

in Tomco, et al. (2010), correlated with Cerano degradation. Trace amounts of 

metabolites (5-hydroxy-Cerano, aromatic hydroxyl-Cerano, unknown (m/z = 268125). 

were observed below quantification limits, constituting <1% of application amount. No 

other metabolites were found at concentrations above detection limits, in either the water 

or acetonitrile fractions. 

 

In conclusion, Cerano was found to be very photo-recalcitrant under simulated California 

rice field conditions, both via direct and indirect pathways. Microbial degradation was 

shown to be a governing vector of the compound’s overall environmental fate. 

 

 



 
 
Figure 1: Effects of photolysis on Cerano (Cerano) degradation. Samples were analyzed by location 

(irradiation chamber, dark incubator, roof of Meyer Hall) and by soil type (sterilized, non-sterilized, water), 

N=3. 

 

Objective III – Volatilization, Soil Sorption of Poncho (clothianidin; Hagio) 

 

Due to the unexpected departure of two graduate students this past year (Shinobu Hagio 

and Richard Osibanjo), initial work on both Poncho and another new pesticide of interest 

to the RRB (ultimately imazosulfuron) was delayed. However, it provided the 

opportunity to focus our resources on completing our research with both Cerano and 

Trebon (described above). 

 

Objective IV -- Volatilization of a new herbicide of interest to the RRB (Osibanjo) 

 

Please see immediately above. 

 

Overall Summary 

 

Over the past decade our focus has been on a number of pesticides of interest to the RRB. 

Early on our focus was on the delayed phytotoxicity syndrome caused by Bolero 

(thiobencarb; Palumbo et al., 2004; TenBrook et al., 2004; Gunasekara et al. 2005; 

Schmelzer et al., 2005), while more recently (with Professor Albert Fischer) we have 

focused on the mechanism of action of Cerano (clomazone; TenBrook and Tjeerdema, 

2005, 2006; Yasuor et al., 2008, 2010), as well as pesticide dissipation. To date, we have 

completed characterization of the field dissipation properties of Granite (penoxsulam; 

Jabusch and Tjeerdema, 2005, 2006a, 2006b, 2008), Cerano (Gunasekara et al., 2009; 

Tomco et al., 2010), and Trebon (etofenprox; Vasquez et al., 2010); additional papers 



 

Table 5. Summary of Dissipation Results 

Agent Volatility 

(H=P/S) 

Sorption 

(log K) 

Photolysis 

(half life) 

Biodegradation 

(half life) 

Granite 
4.6 x 10

-15

 

(calculated) 

0.1 - 5.1 

(not log) 5-8 days 

3-12 days 

(anaerobic) 

Cerano 

1.6 x 10
-6

  

0.5 - 5.3 

(not log) ND 

47 days (aerobic) 

8 days (anaerobic) 

Trebon 
2.9X10

-1

 

(calculated) 6.0-6.4 10-18 days 

27 days (aerobic) 

100 days (anaerobic) 

Poncho 
2.3x10

-7

 

(calculated)    

Imazosulfuron 
1.7x10

-3

 

(calculated)    

 

will be published shortly (Table 5). We are now focusing on two other compounds (Table 

6). Thus, during the next year we propose to continue our ongoing research with the 

neonicotinoid insecticide Poncho (clothianidin) and herbicide imazosulfuron. 

 

Table 6. Summary of Ongoing Dissipation Research 

Agent Volatilization Soil Sorption Microbial 

Degradation 

Photodegradation 

Granite completed completed completed completed 

Cerano completed completed completed completed 

Trebon completed completed completed completed 

Poncho in progress    

Imazosulfuron in progress    

 

 

References 

 

California Department of Pesticide Regulation, Summary of pesticide use report data 

2008; indexed by chemical, California Environmental Protection Agency: Sacramento, 

CA, 2008, p. 338. Available online at 

http://www.cdpr.ca.gov/docs/pur/pur08rep/chmrpt08.pdf (accessed June 22, 2010). 

 

CDPR, Summary Report; California Environmental Protection Agency, Sacramento, CA. 

http://www.cdpr.ca.gov/docs/pur/purmain.htm (Verified May 1, 2008). 

 

Class, T.; Casida, J.; Ruzo, L. Photochemistry of ethofenprox and three related 

pyrethroids with ether, alkane, and alkene central linkages. J. Agric. Food Chem. 1989, 

37, 216-222.  

 

http://www.cdpr.ca.gov/docs/pur/pur08rep/chmrpt08.pdf
http://www.cdpr.ca.gov/docs/pur/purmain.htm


Ferhatoglu, Y., Barrett, M. Studies of clomazone mode of action. Pestic. Biochem. 

Physiol. 2006, 85, 7-14. 

 

Graebing, P., Chib, J.S. Soil photolysis in a moisture- and temperature-controlled 

environment. 2. Insecticides. J. Agric. Food Chem. 2004, 52, 2606-2614. 

Gunasekara, A. S., de la Cruz, I. D. P., Curtis, M. J., Claassen, V. P., Tjeerdema, R. S. The 

behavior of clomazone in the soil environment. Pest. Manage. Sci. 2009, 65, 711–716. 

Gunasekara, A. S., Palumbo, A. J., TenBrook, P. L., Tjeerdema, R. S. Influence of phosphate 

and copper on reductive dechlorination of thiobencarb in California rice field soils. J. Agric. 

Food. Chem. 2005, 53, 10113–1011. 

 

Herbert, V. R.; Miller, G. C. Depth dependence of direct and indirect photolysis on soil 

surfaces. J. Agric. Food Chem. 1990, 38, 913–918. 

Jabusch, T. W., Tjeerdema, R. S. Partitioning of penoxsulam: A new sulfonamide herbicide. 
J. Agric. Food Chem. 2005, 53, 7179–7183. 

Jabusch, T. W., Tjeerdema, R. S. Microbial degradation of penoxsulam in flooded rice field 

soils. J. Agric. Food Chem. 2006a, 54, 5962–5967. 

Jabusch, T. W., Tjeerdema, R. S. Photochemical degradation of penoxsulam. J. Agric. Food 

Chem. 2006b, 54, 5958–5961. 

Jabusch, T. W., Tjeerdema, R. S. Chemistry and fate of triazolopyrimidine sulfonamide 

herbicides. Rev. Environ. Contam. Toxicol. 2008, 193, 31–52 (invited). 

 

Katagi, T. Photodegradation of pesticides on plant and soil surfaces. Rev. Environ. 

Contam. Toxicol. 2004, 182, 1-195. 

 

Laffin, B.; Chavez, M.; Pine, M. The pyrethroid metabolites 3-phenoxybenzoic acid and 

3-phenoxybenzyl alcohol do not exhibit estrogenic activity in the MCF-7 human breast 

carcinoma cell line or Sprague-Dawley rats. Toxicology 2010, 267, 39-44. 

 

Laskowski, D. Physical and chemical properties of pyrethroids. Rev. Environ. Contam. 

Toxicol. 2002, 174, 49-170. 

Palumbo, A. J., TenBrook, P. L., Phipps, A., Tjeerdema, R. S. Comparative toxicity of 
thiobencarb and deschlorothiobencarb to rice (Oryza sativa). Bull. Environ. Contam. 2004, 
73, 213–218. 
 

Ruggiero, P. Abiotic transformation of organic xenobiotics in soils: a compounding 

factor in the assessment of bioavailability. In: NATO Science Series 2. Environmental 

Security 64. Bioavailability of Organic Xenobiotics in the Environment. 1999, NATO, 

Washington, DC, pp 159–205. 

 



Ruzo, L. O.; Casida, J. E. Pyrethroid photochemistry: Intramolecular sensitization and 

photoreactivity of 3-phenoxybenzyl, 3-phenyloxybenzyl, and 3-benzoylbenzyl esters. J. 

Agric. Food Chem. 1982, 30, 963–966. 

Schmelzer, K. R., Johnson, C. S., TenBrook, P. L., Viant, M. R., Williams, J. F., Tjeerdema, 
R. S. Influence of organic carbon on the reductive dechlorination of thiobencarb (Bolero) in 
California rice field soils. Pest Manage. Sci. 2005, 61, 68–74. 
 

Senseman, S., Armbrust, K. Herbicide Handbook. Weed Science Society of America, 

2007. 

TenBrook, P. L., Tjeerdema, R. S. Comparative actions of clomazone on -carotene and 
growth in rice and watergrasses (Echinochloa spp.). Pest Manage. Sci. 2005, 61, 567–571. 

TenBrook, P. L., Tjeerdema, R. S. Biotransformation of clomazone in rice (Oryza sativa) and 

early watergrass (Echinochloa oryzoides). Pestic. Biochem. Physiol. 2006, 85, 38–45. 

TenBrook, P. L., Viant, M. R., Holstege, D. M., Williams, J. F., Tjeerdema, R. S. 
Characterization of California rice field soils susceptible to delayed phytotoxicty syndrome. 
Bull. Environ. Contam. Toxicol. 2004, 73, 448–456. 
 

Tomco, P. L., Holstege, D. M., Zou, W., Tjeerdema, R. S. Microbial degradation of 

clomazone under simulated California rice field conditions. J. Agric. Food Chem. 2010, 

58, 3674-3680. 

 

Tyler, C.; Beresford, N.; Van Der Woning, M.; Sumpter, J.; Thorpe, K. Metabolism and 

environmental degradation of pyrethroid insecticides produce compounds with endocrine 

activities. Environ. Toxicol. Chem. 2000, 19, 801-809. 

 

USDA Soil Survey Staff, Natural Resources Conservation Services, USDA. Soil survey 

of Butte area, California, parts of Butte and Plumas Counties, 2006. 

http://soildatamart.nrcs.usda.gov/Manuscripts/ CA612/0/Butte_CA.pdf (accessed June 

22, 2010). 

 

Vasquez, M.; Gunasekara, A.; Cahill, T.; Tjeerdema, R. S. Partitioning of etofenprox 

under simulated California rice field conditions. Pest. Manag. Sci. 2010, 66, 28-34. 

 

Vasquez, M.; Holstege, D. M.; Tjeerdema, R. S. Aerobic versus anaerobic microbial 

degradation of etofenprox in a California rice field soil. J. Ag. Food Chem. in press.  

Yasuor, H., TenBrook, P. L., Tjeerdema, R. S., Fischer, J. A. Responses to clomazone and 5-

ketoclomazone by Echinochloa phyllopogon resistant to multiple herbicides in California rice 

fields. Pest Manage. Sci. 2008, 64, 1031–1039. 

 

Yasuor, H., Zou, W., Tolstikov, V., Tjeerdema, R. S., Fischer, A. J. Differential oxidative 

metabolism and 5-ketoclomazone accumulation are involved in Echinochloa phyllopogon 

resistance to clomazone. Plant Physiol. 2010, 153, 319-326. 

 

http://soildatamart.nrcs.usda.gov/Manuscripts/


PUBLICATIONS OR REPORTS: 

Manuscripts (new in print or press this year) 

 

Tomco, P.; Holstege, D. M., Tjeerdema, R. S. Microbial degradation of clomazome under 

simulated California rice growing conditions. J Agric. Food Chem. 2010, 58, 3674-3680. 

 

Vasquez, M.; Gunasekara, A.; Cahill, T.; Tjeerdema, R. S. Partitioning of etofenprox 

under simulated California rice field conditions. Pest. Manag. Sci. 2010, 66, 28-34. 

 

Vasquez, M.; Holstege, D. M.; Tjeerdema, R. S. Aerobic versus anaerobic microbial 

degradation of etofenprox in a California rice field soil. J. Ag. Food Chem. in press.  

 

Meeting Proceedings 

Vasquez, M. E., Holstege, D. M., Tjeerdema, R. S., 2010. Microbial degradation of 
etofenprox under simulated rice field conditions. Proceedings of the American Chemical 
Society (ACS) National Meeting, San Francisco, CA. 

Vasquez, M. E., Holstege, D. M., Tjeerdema, R. S., 2010. Microbial degradation of 
etofenprox under simulated rice field conditions. Proceedings of the Society of 
Environmental Toxicology & Chemistry. Portland, OR. 

Tomco, P.; Holstege, D. M.; Tjeerdema, R. S., 2010. Microbial degradation of clomazome 
under simulated California rice growing conditions. Proceedings of the Society of 
Environmental Toxicology & Chemistry. Portland, OR. 
 
 

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 processes 

that can contribute to such dissipation that are investigated: volatilization to air, 

sorption (bonding) to soils, and degradation by either sunlight or soil microbes.  

 

2. For the insecticide Trebon, the photolytic degradation rates, half-lives and products 

on both flooded and air-dried soil surfaces (at 28°C) were characterized. In summary, 

the insecticide is more efficiently degraded under flooded, versus air-dried soil 

conditions (flooded soil half life, 9.8 days; air-dried soil half life, 17.6 days).  

 

3. For the herbicide Cerano, the photolytic degradation rates, half-lives and pathways 

were characterized. In summary, Cerano was found to be very photo-recalcitrant 

under simulated California rice field conditions, both via direct and indirect pathways 

(as was reported by the manufacturer but converse of two other published reports). 

Microbial degradation was shown to be the governing process of the herbicide’s 

overall environmental fate. 

 



4. For Trebon, its dissipation under rice field conditions will be primarily influenced by 

photodegradation, microbial degradation and, to a lesser extent volatilization, while 

for Cerano its dissipation will be driven primarily by microbial degradation. 

 

5. With this report the characterization of the field dissipation properties of both Trebon 

and Cerano is now complete. 

 

 


