W2082 Accomplishments for 2012

Objective 1 is addressed below unless noted: To identify and quantify fundamental chemical, physical, and biological processes relevant to pesticides and contaminants in agricultural ecosystems, 

Accomplishments/outputs:  

I. Colorado State University, Fort Collins, CO (Thomas Borch). Photodegradation and runoff of steroid sex hormones. Among suspected endocrine disruptors, exogenous steroid sex hormones generally have the highest affinities for binding to steroid sex hormone receptors, and the highest potencies for disrupting normal steroid sex hormone functions. A. Steroid Hormone Runoff from Agricultural Test Plots Applied with Municipal Biosolids. The potential presence of steroid hormones in runoff from sites where biosolids have been used as agricultural fertilizers is an environmental concern. A study was conducted to assess the potential for runoff of seventeen different hormones and two sterols, including androgens, estrogens, and progestogens from agricultural test plots. The field containing the test plots had been applied with biosolids for the first time immediately prior to this study. Concentrations of multiple estrogens (<0.8 to 25.0 ng L-1), androgens (<2 to 216 ng L-1), and progesterone (<8 to 98.9 ng L-1) were observed in runoff samples taken 1, 8, and 35 days after biosolids application. Hormones in runoff were primarily present in the dissolved phase (<0.7-μm GF filter), and, to a lesser extent bound to the suspended-particle phase. Overall, these results indicate that rainfall can mobilize hormones from biosolids-amended agricultural fields, directly to surface waters or redistributed to terrestrial sites away from the point of application via runoff. Although concentrations decrease over time, 35 days is insufficient for complete degradation of hormones in soil at this site. B. Direct Photodegradation of Androstenedione and Testosterone in Natural Sunlight and its Effect on Endocrine Disrupting Potential. In surface waters, two of the most commonly observed androgenic steroid sex hormones are androstenedione (AD) and testosterone (T).  This study examines the direct photodegradation of dilute aqueous solutions of AD and T in natural sunlight and its effect on their endocrine-disrupting potential.  At Henderson, NV, USA (36.04 °N), AD and T underwent direct solar photodegradation, with half-lives ranging from 3.65 h (AD, June 29) to 10.8 h (T, April 6).  The reaction quantum yields of AD and T were estimated to equal 0.069 ± 0.003 and 0.04 ± 0.01, respectively, suggesting that their direct solar photodegradation in surface waters is about 18 times more efficient than previously predicted at a similar latitude (40 °N).  A variety of photoproducts were formed, including photorearrangement, photohydration, and more highly oxidized photoproducts. The photoproducts were not stable under continued solar exposure, and solution androgenicity decreased approximately as fast as AD and T were removed.  Collectively, these results demonstrate for the first time that solar photodegradation reduces the risk of endocrine disruption in surface waters impacted by AD or T, subject to continuing inputs, attenuation, and other processes involving natural water constituents.  

II. The Pennsylvania State University, State College (John Watson and Deno DeCiantis).  Obtained funding to support graduate student research work and postdoc salary required to conduct the research related to chemical transport in the soil environment. Results of research work have been disseminated to scientific community on and off campus through reports to: OPP wastewater committee to use for management of effluent; national scientific meeting attendees at Amer. Water Resources Assn, Soil Science Society of America; on-campus colleagues through presentations at seminars. MS student completed thesis and successfully defended. Manuscript is being drafted. Obtained funding to develop a community project in Pittsburgh to demonstrate reductions in runoff and runoff sediments to nearby stream through implementation of porous pavement and curbing changes as well as tree plantings adjacent to the curb.
III. Mississippi State University, Starkville (Robert Kröger)
A. Evaluating and translating nutrient reduction efficiencies of best management practices. We investigated a treatment chain of best management practices for nutrient reduction efficiencies. The literature, specifically when dealing with the Lower Mississippi Alluvial Valley, is glaringly deficient in providing best management practice efficiencies, and furthermore understanding processes of mitigation. This experiment took place at two scales: replicated mesocosm and field demonstration scale; where native warm season grass buffers followed by low-grade weirs were tested independently and in series to their effectiveness in nutrient reductions. Preliminary data analyses are highlighting a lack of significant reductions between whether a system has a buffer or not (at the mesocosm scale); however, significant improvements in water quality are documented using low-grade weirs. At the field scale, buffers are significantly improving storm event nutrient reductions as well as sediment transport. The increased hydraulic residence time provided by the low-grade weirs (mesocosm and field) is enhancing the volume capture of the system, as well as providing high contact time for biological processing. 
IV. University of Missouri (Keith W. Goyne and C.F. Williams, USDA-ARS). A) Sulfamethazine Sorption to Soil: Vegetative Management, pH, and Dissolved Organic Matter Effects. This study was designed to investigate the effects of vegetative management, soil properties, and dissolved organic matter on sulfamethazine sorption to soil. Batch sorption experiments were completed using a range of SMZ concentrations (2.5 – 50 μmol L-1) and samples from three soils (Armstrong, Huntington, and Menfro).  Three vegetation treatments were present on each soil studied: agroforestry filter strips (AFS); grass filter strips (GFS); and row crops (RC). Results show that SMZ sorption isotherms are well fitted using the Freundlich isotherm model (log Kf = 0.44 to 0.93; N = 0.59 to 0.79). Further evaluation of the Kd values demonstrated that vegetative management significantly (p < 0.05) influences SMZ sorption following the order: AFS > GFS > RC. Multiple linear regression analyses indicated that soil organic carbon content, soil pH, initial SMZ concentration, and clay content were important properties controlling SMZ sorption. Experiments conducted using the two most contrasting soils indicate that increasing pH (pH 6.0 to 7.5) reduced SMZ sorption to the Armstrong GFS soil, but substantially less pH effect was noted for the Huntington GFS soil that had a clay fraction composed of nearly 50% kaolinite. The presence of >1000 Da DOM (150 mg L-1 OC) derived from poultry litter had little effect on the Freundlich N parameter; however, the presence of >1000 Da DOM in the system resulted in slightly lower SMZ Kd values overall. B) Sulfamethazine Transport in Agroforestry and Cropland Soils. This study investigated sulfamethazine (SMZ) mobility and sorption processes occurring during SMZ transport through soil. Batch sorption experiments and column leaching experiments were performed.  Soils used in the sorption and repacked soil column experiments were silt loam soils collected from row crop (RC) and an agroforestry vegetative filter strip (AFS). For the column experiments, bromide (Br-) was applied as a non-reactive tracer and used to characterize water flow in the system. Radio-labeled (14C) SMZ, with or without dissolved organic carbon (150 mg L-1) derived from poultry litter, was added to the column as a pulse followed by 21 days of leaching. The concentration of SMZ in the leachate was continuously monitored using a liquid scintillation counter and high performance liquid chromatography analysis indicated no presence of SMZ degradation products in the leachate. For each column studied, breakthrough curves of Br- and SMZ were developed. Breakthrough curves for Br- were fitted with a convection/dispersion based transport equilibrium model with no sorption. The breakthrough curves for SMZ were fitted with multi-site sorption chemical nonequilibrium transport models using linear or Freundlich sorption concepts. Study results indicated that the three-site model containing two reversible sorption sites (one instantaneous and one kinetic) and one irreversible sorption site coupled with the Freundlich sorption concept (3S2R-Freu-irrev model) best described SMZ transport in the columns.  Model efficiencies for the AFS, AFS + DOC and RC soils were 0.998, 0.994, and 0.991, respectively. Little difference was observed between fitted sorption parameters [linear sorption coefficient (Kd), Freundlich sorption coefficient (Kf), and Freundlich nonlinearity parameter (N)] and those obtained from equilibrium sorption experiments. Data from the column transport and equilibrium experiments indicated that the AFS soil retained a larger quantity of SMZ than the RC soil, and poultry litter derived DOC had little influence on SMZ sorption or leaching. C) Antibiotic Effects on Microbial Community Characteristics in Soils under Conservation Management Practices. The objectives of this research were to investigate changes in microbial community function and structure and to quantify the development of antibiotic resistance in vegetative filter strip (VFS) and row crop soils exposed veterinary antibiotics (VAs).  Laboratory incubation experiments were established using soils collected from no-till cropland, and grass and agroforestry VFS. Soils from each vegetative cover were treated as follows:  i) no VA addition (controls); lincomycin at concentrations of ii) 5, iii) 50, and iv) 200 mg kg-1 soil; and oxytetracycline at concentrations of v) 5, vi) 50, and vii) 200 mg kg-1 soil.  Individual incubation jars were destructively sampled at eight time points over a 63 day period. Soils were analyzed to quantify changes in soil microbial function [C-utilization, dehydrogenase and fluorescein diacetate (FDA) hydrolysis assays], community structure [phospholipid fatty acid (PLFA) analysis], and antibiotic resistance.  Functional assay results for all VA treatments illustrated an initial inhibitory effect; however, this trend was reversed after 7 days of incubation.  No changes in microbial community structure and antibiotic resistance were detected. The results of this study suggest that microbial communities in the soils studied were minimally impacted by oxytetracycline and lincomycin at the concentrations evaluated.  
V. Water Resources Research Center, University of Hawaii, Honolulu, HI (Chittaranjan Ray). Objective 1. Effect of soil moisture depletion on the uptake of pharmaceutical compounds by edible plants. The last year was devoted to performing various preliminary experimental runs using several of our conceptualized designs in order evaluate them and select the ones that could best meet the analytical requirements of the project. We have been evaluating the statistical appropriateness of each design, as well as the response of the treated plants to various combinations of selected variables which include: soil moisture percentages, Pharmaceutical and Personal Care Products (PPCPs) compound concentrations, and fertilization levels. Ambient environmental conditions such as air temperature and humidity, light intensity, soil temperature, and potential diseases were also observed and assessed in terms of their effects on treated plants. As part of these preliminary experiments, plants were exposed to combinations of 20 different PPCPs in order to evaluate if they would be taken up, and if they could subsequently be extracted and analyzed using liquid chromatography - mass spectrometry (LC-MS/MS) detection methods. Major efforts were also made to develop extraction and analysis protocols for the pharmaceuticals selected for use in the experiments. Objective 2:
Integrate chemical and biological process information for use in models applicable across different spatial and temporal scales. Fate of pharmaceutical compounds in riverbank filtration systems. We are examining in what way the temperature of river water and the redox conditions in subsurface would affect the degradation of PPCPs at riverbank filtration (RBF) systems. RBF systems employ wells located on the banks of rivers to produce drinking waters for municipalities. As the river water percolates through the river bed/bank and the underlying aquifer material to the pumping wells, many of the chemical contaminants and microbes are removed. Besides physical filtration, the oxygen status and the redox potential of the subsurface affect the transformation of redox-sensitive chemicals. Many PPCPs are redox sensitive. We are examining the degradation of a set of redox-sensitive PPCPs under two temperature regimes (simulating summer and winter conditions) in columns of packed river sand while continuously measuring the redox potential and the oxygen concentrations. Some of the columns have been equipped with clogged layers at the surface to adjust underlying oxygen status. Small column experiments were conducted to study the degradation of these chemicals under oxic and anoxic conditions, both under sterile and non-sterile conditions. Objective 3. 
Provide stakeholders with tools for developing strategies to ensure sustainable agriculture and to protect natural resource systems. Enhancement to a Tier-I leaching model for chemicals. Hawaii is one of the few states in the union that does not automatically accept the registration of a given chemical issued by USEPA. If the compound is going to be used over a large area and has the potential to leach to ground water, the state conducts in-house evaluation of its environmental impact. If the impact exceeds a pre-judged score, the University of Hawaii is asked to complete a detailed assessment of its potential to leach to ground water. For this purpose, the registrant provides copies of all fate and transport studies used in EPA’s registration process. We use data from these studies to evaluate leaching, potential loss to runoff water, and ecotoxicological impacts. If the compound appears to have significant impact to the local environment, it may be registered as a “restricted use” compound or the state requires that a certified applicator be responsible for its use. In that way, the state keeps track of the amount used and the locations treated. In the current year, we are improving the model to include a volatility component so that the model can also be used for assessing leaching of common volatile organic chemicals that the state monitors for its drinking waters. The closed-form equation is programmed in a geographic information system (GIS) keeping due regard to uncertainties in data. 

VI. Connecticut Agricultural Experiment Station, New Haven (Joseph Pignatello). PREDICTING Contaminant ADSORPTION IN Black Carbon (Biochar)-aMENDED sOIL FOR the Veterinary antimicrobial, sulfamethazine. Antimicrobials are extensively used in veterinary practices for promotion of growth and control of infectious diseases. Because they are poorly metabolized, residues of antimicrobials end up in soil where they may contribute to proliferation of antimicrobial-resistant pathogens, potentially affecting humans. The subject of this study is sulfamethazine [SMT; 4-amino-N-(4,6-dimethylpyrimidin-2-yl)benzenesulfonamide], a high-use sulfonamide antimicrobial. If SMT cannot be prevented from entering soil, it is of interest to find ways to minimize its leaching, run-off and bioavailability. Produced charcoals (biochars) are finding growing use as amendments to potting soils, landscapes, gardens and agricultural fields. Because of their generally porous and hydrocarbonaceous nature, many biochars can strongly adsorb organic compounds. The sorbent strength of biochar depends on source material and pyrolysis conditions in ways that are not completely understood. Moreover, the sorbent strength can be attenuated by exposure to soil substances (fouling), as is known for synthetic activated carbons, which are structurally-related to biochar. We determined whether addition of commercial biochars (three made by slow and one by fast pyrolysis) to a soil would predictably reduce pore water concentrations of sulfamethazine (SMT), which enters agricultural soils via manure from medicated animals. Sorption isotherms were constructed in water for 0, 1 or 2% mixtures of biochar in soil after mild (2 d at 20 oC) or more severe (28 d at 40 oC) weathering regimes prior to addition of sulfamethazine. Carbon-normalized adsorption to the individual biochars was highly SMT concentration-dependent and varied with properties of the biochar reflecting the degree of carbonization and micropore development. As expected, except for the fast pyrolysis biochar, adsorption by biochar alone on an elemental carbonnormalized basis greatly exceeded sorption to the soil organic matter on a SOM carbon-normalized basis. Sorption to the soil-biochar mixture increased relative to soil alone in relation to the biochar amendment level. However, except for the fast pyrolysis biochar, the increase in sorption by the mixture compared to the soil alone was greatly overestimated by the sum of independent sorption to the two components (i.e., assuming no weathering) by as much as a factor 10^(2.5), depending on SMT concentration. The intrinsic sorbent strength of the weathered biochar was reduced to nearly that of soil organic matter on a carbon basis. Weathering also increased isotherm linearity. Most of the weathering took place already after the shorter of the two regimes. Weathering was likely due to fouling of the surface by humic substances, which blocks sorption sites for SMT on the biochar surface. Weathering reduced the surface area (N2-B.E.T. method) of both the soil-biochar mixtures and the recovered biochar particles. The results indicate that weathering of biochar may greatly attenuate the hoped-for ability of biochar to stabilize contaminants in soils.

VII. University of Nebraska-Lincoln, Lincoln, NE (Patrick J. Shea). Objective 2: Evaluate existing transport models for predicting the fate and transport of agricultural pesticides and pharmaceuticals in agricultural ecosystems. Runoff Contamination Risks for Agrichemicals Using Process-Based Index Models. Identifying areas vulnerable to off-site agrichemical movement and surface and ground water contamination through conventional data collection is labor-intensive, costly and time-consuming. To promote efficient pesticide use and protect water resources, a process-based index model was previously developed to assess landscape vulnerability to pesticide runoff and leaching.  The model is based on the physicochemical properties of the pesticide [including adsorption (organic carbon partition coefficient), relative persistence (half-life), and susceptibility to abiotic hydrolysis] and hydrologic/landscape characteristics [including the soil saturated hydraulic conductivity, organic matter, clay content, pH, depth to restrictive layer, soil texture, clay mineralogy, whole fraction erodibility, drainage class, flooding frequency and slope]. The watershed-scale (regional) model incorporates pesticide dissipation and hydrologic functions and utilizes the 1:24,000-scale USDA-NRCS Soil Survey Geographic Database (SSURGO). Because mitigating contamination of surface and ground waters requires implementation of best management practices (BMPs), the model was adapted to the field scale using data from a research site in Boone County, Missouri. Available field-scale data included saturated hydraulic conductivity, pH, organic matter, 5 x 5 m resolution elevation from which slope was derived, and Agricultural Policy/Environmental eXtender (APEX)-modeled daily moisture content. To accommodate the impact of a restrictive claypan layer, three modifiers were tested based on water storage capacity above the claypan. Mathematical functions were imported into ArcGIS and maps generated showing relative potential for off-site movement of pesticides across the Missouri field. 
VIII. University of California, Berkeley (Garrison Sposito). Shifts in organoarsenic composition in the green marine alga Ulva lactuca in response to an arsenate-phosphate gradient. To resolve the speciation of various elements within an algal  cell on the nanometer scale, scanning transmission X-ray microscopy (STXM) was performed using Beamline 5.3.2.2 at the Advanced Light Source in Berkeley. As a polymer STXM beamline, it is well-suited to detect lighter elements which normally organoarsenic species normally comprise. The instrument is especially sensitive to  changes in arsenosugar composition and distribution in algae as a function of nutrient status. To optimize detection sensitivity, the algal batch cultures hosted a wide range of As concentrations (0-1000 ppm). Samples were preserved using high-pressure freezing and freeze substitution, then ultramicrotome-sectioned to < 100 nm thickness onto TEM grids to maintain cellular integrity. The elements Ca, C, N, O, Fe were analyzed at the L-edge to determine shifts in the arsenosugar composition and in biologically-relevant  compounds contained within the algal samples. Our results demonstrated the importance of organoarsenic species. Using STXM, we saw shifts at the carbon 1s edge that can be related to various cellular features in response to an arsenate-and-phosphate gradient. After exposure to high levels of arsenate (1000 ppm), there was a sharp decrease in the protein composition, while there was an increase in the polysaccharides in the pyrenoids,  a  depletion  of  most  proteins,  lipids, and polysaccharides in the starch granules, and a shift in the sugar composition in the extracellular matrix.  Hence this technique allowed us to observe changes in arsenosugar composition in response to P concentration changes.

IX. Department of Environmental Sciences University of California, Riverside

Riverside, CA (Jay Gan). A) Bioavailability and phase partition of hydrophobic contaminants: Contaminants such as DDTs, PCBs, PAHs, and pyrethroids are extremely hydrophobic and their biological effects are governed by their bioavailability, which in turn is determined by their phase partition. In 2012 we expanded our research on the phase distribution and bioavailability of pyrethroids, DDTs and PBDEs in soils and sediments. The following are brief summaries of three representative publications on this subject. A Critical Review on Bioavailability Measurement Methods. Many important environmental contaminants are hydrophobic organic contaminants (HOCs), which include PCBs, PAHs, PBDEs, DDT and other chlorinated insecticides, among others. Owing to their strong hydrophobicity, HOCs have their final destination in soil or sediment, where their ecotoxicological effects are closely regulated by sorption and thus bioavailability. The last two decades has seen a dramatic increase in research efforts in developing and applying partitioning based methods and biomimetic extractions for measuring HOC bioavailability. However, the many variations of both analytical methods and associated measurement endpoints are often a source of confusion for users. In this review, we distinguish the most commonly used analytical approaches based on their measurement objectives, and illustrate their practical operational steps, strengths and limitations using simple flowcharts. This review may serve as guidance for new users on the selection and use of established methods, and a reference for experienced investigators to identify potential topics for further research. A SPME Method to Measure Cfree of PBDEs in Sediments: Polybrominated diphenyl ethers (PBDEs) are brominated flame retardants (BFRs). The ubiquity and persistence of PBDEs in sediment have raised concerns over their environmental fate and ecological risks. Due to strong affinity for sediment organic matter, environmental fate and bioavailability of PBDEs closely depend on their phase distribution. In this study, disposable polydimethylsiloxane (PDMS) fiber

was used to derive the freely dissolved concentration (Cfree) of PBDEs in sediment porewater as a measurement of bioavailability. The PDMS-to-water partition coefficient (log KPDMS) was 5.46-5.83 for BDE 47, 99, and 153. In sediments, PBDEs were predominantly sorbed to the sediment phase, with Cfree accounting for <0.012% of the total chemical mass. The Cfree of PBDEs decreased as their bromination or sediment organic carbon content increased. The strong association with dissolved organic matter (DOM) implies a potential for facilitated offsite transport and dispersion in the environment that depends closely on the stability of sediment aggregates. A Stable Isotope Dilution (IDM) Method for Bioaccessibility Measurement: Methods for determining bioavailability of organic contaminants suffer various operational limitations. We explored the use of stable isotope labeled references in developing an isotope dilution method (IDM) to measure the exchangeable pool (E) of pyrene and bifenthrin as an approximation of their bioavailability in sediments. The exchange of deuterated bifenthrin or pyrene with its native counterpart was completed within 48 h. The derived E was 38-82% for pyrene and 28-59% for bifenthrin. Regression between E and the sum of rapid and slow desorption fractions obtained from sequential desorption showed a slope close to 1.0. The ability of IDM to predict bioavailability was further shown from a strong relationship (r2 > 0.93) between E and bioaccumulation into Chironomus tentans. Given the abundance of stable isotope labeled references and their relatively easy analysis, the IDM has the potential to become a readily adoptable tool for estimating organic contaminants bioaccessibility in various matrices. B) Pesticide fate and runoff in urban environments: In urbanized areas, pesticides are routinely used for structural pest control and landscape maintenance. Residential use of pesticides is believed to be a major contributor to pesticide contamination of urban surface aquatic ecosystems. However, in comparison to the numerous studies that have been reported on soil, water and sediment, relatively little is known about pesticide behavior in urban environments. In recent years we have characterized pesticide levels, compositions, and seasonality in urban runoff, and further evaluated sorption of insecticides to concrete and factors affecting the potential for pesticides to move off-site in runoff from concrete. Finding Fipronil and Metabolites in Urban Runoff: Insecticides are commonly used around homes for controlling insects such as ants, termites, and spiders. Such uses have been linked to pesticide contamination and toxicity in urban aquatic ecosystems. Fipronil is a relatively new and popular urban-use insecticide that has acute toxicity to arthropods at low-ppb levels. In this study, we collected runoff water from 6 large communities, each consisting of 152 to 460 single family homes, in Sacramento County and Orange County, California, and evaluated the occurrence of fipronil and its biologically active derivatives over 26 months under dry weather conditions. Statistical modeling showed that the levels of fipronil and derivatives in the runoff water were both spatially and temporally correlated. More than 10-fold differences were observed between the Sacramento and Orange County sites, with the much higher levels for Orange County (southern California) coinciding with heavier use. The median concentrations of combined fipronil and derivatives for the Orange County sites were 204-440 ng L-1, with the 90th percentile levels ranging from 340 to 1170 ng L-1. These levels frequently exceeded the LC50 values for arthropods such as mysid shrimp and grass shrimp. The highest levels occurred from April to October, while decreases were seen from October to December and from January to March, likely reflecting seasonal use patterns and the effect of rain-induced washoff. Fipronil and fipronil sulfone (oxidation derivative) each accounted for about 35% of the total concentrations, with desulfinyl fipronil (a photolytic product) contributing about 25%. Results of this study clearly established residential drainage as a direct source for pesticide contamination in urban waterways, and for the first time, identified fipronil as a new and widespread contaminant with potential ecotoxicological significance. Role of Fine Particles in Pesticide Runoff from Concrete: Pesticides such as pyrethroids have been frequently found in runoff water from urban areas and the offsite movement is a significant cause for aquatic toxicities in urban streams and estuaries. To better understand the origination of pesticide residues in urban runoff, we investigated the association of pyrethroid residues with loose particles in runoff water from concrete surfaces after treatment with commercial products of bifenthrin and permethrin. In runoff water generated from simulated precipitations after 1 to 89 d exposure under dry outdoor conditions, over 80% of the pesticides was found on particles >0.7 μm for most treatments. The solid-water partitioning coefficient (Kd) on day 1 was estimated to be 2.4×103-1.1×105 L/kg for permethrin and bifenthrin on these solids. Except for solid formulations, the pesticide-laden particles likely originated from dust particles preexisting on the concrete before treatment and the disintegration of the surficial concrete matter through weathering. We consequently tested a simple sponge-wipe method to collect and analyze the loose particles on concrete. Concurrent analyses (n = 30) showed an excellent linear correlation between the amount of pesticides transferrable to runoff water and that on the wipe (R2 = 0.78, slope = 1.13 ± 0.11, P < 0.0001). The fact that the linear relationship has a slope close to 1.0 suggests that this method may be used to predict pesticide residues available for contaminating runoff water before runoff actually occurs. The importance of loose particles should be considered when developing practices to mitigate pesticide runoff contamination from urban residential areas. Runoff of Pyrethroids after Simulated and Natural Rainfalls: Intensive residential use of insecticides has resulted in their ubiquitous contamination in urban surface streams. Urban hardscapes such as concrete are considered as a facilitator for pesticide runoff caused by irrigation under dry weather conditions or rain during the wet season. This study expanded on previous bench-scale studies by considering the effects of pesticide residence time on concrete, single versus recurring precipitations, precipitation intensity, and concrete surface conditions, on pesticide transferability to runoff water. Runoff from concrete 1 d after pesticide treatment contained high levels of bifenthrin (82 μg/L) and permethrin (5143 μg/L for cis and 5518 μg/L for trans). Although the runoff transferability quickly decreased as the pesticide residence time on concrete increased, detectable residues were still found in runoff water after 3 months (89 d) exposure to summer conditions. ANOVA analysis showed that precipitation intensities and concrete surface conditions (i.e., acid wash, silicone seal, stamping, and addition of microsilica) did not significantly affect the pesticide transferability to runoff. In the runoff collected from two natural rainfalls at the start of winter wet season, pesticide levels decreased as the time interval between pesticide application and the rain event increased. However, bifenthrin and permethrin were still detected at 0.15-0.17 and 0.75-1.15 μg/L in the rain runoff after 7 months (221 d) from the initial treatment. In addition, pesticide concentrations showed no decrease between the two rainfall events, suggesting that concrete surfaces contaminated by pesticides may act as a reservoir for pesticide residues, leading to sustained urban runoff contamination. C) PPCPs: Transformation in Soil and Accumulation into Vegetables: Man-made chemicals such as pharmaceuticals and personal care products (PPCPs) are commonly found in treated wastewater effluents and biosolids. Through irrigation or biosolid applications, these chemicals enter the soil environment. It is critical to understand the fate of these compounds in soil and to predict their potential for accumulation into food produce such as raw-consuming vegetables. At present, there is little knowledge about transformation of frequently detected PPCPs in soil and uptake and translocation potential in common vegetables. Our recent and on-going efforts have focused on the development of analytical methods for detecting PPCPs in vegetables, the use of 14C-labeling and LC-MS/MS in identifying transformation pathways in soil, and accumulation of PPCPs by common vegetables. A Multi-residue Method for PPCPs in Vegetables: 
Treated wastewater irrigation and biosolid amendment are increasingly practiced worldwide and contamination of plants, especially produces that may be consumed raw by humans, by pharmaceutical and personal care products (PPCPs), is an emerging concern.  A sensitive and reproducible method was developed for the simultaneous measurement of 19 frequently-occurring PPCPs in vegetables using high-performance liquid chromatography-electrospray ionization tandem mass spectrometry (HPLC-ESI-MS/MS) for detection, combined with ultrasonic extraction and solid phase extraction (SPE) cleanup for sample preparation.  Deuterated standards were used as surrogates to quantify corresponding analytes.  The corrected recoveries ranged between 87.1 and 123.5% for iceberg lettuce, with intra- and inter-day variations less than 20%, and the method detection limits (MDLs) in the range of 0.04 to 3.0 ng g-1 dry weight (dw).  The corrected recoveries were equally good when the method was used on celery, tomato, carrot, broccoli, bell pepper and spinach.  The method was further applied to examine uptake of PPCPs by iceberg lettuce and spinach grown in hydroponic solutions containing each PPCP at 500 ng L-1.  Twelve PPCPs were detected in lettuce leaves with concentrations from 0.2 to 28.7 ng g-1 dw, while 11 PPCPs were detected in spinach leaves at 0.04 to 34.0 ng g-1 dw.  Given the diverse chemical structures of PPCPs considered in this study, this method may be used for screening PPCP residues in vegetables and other plants impacted by treated wastewater or biosolids, and to estimate potential human exposure via dietary uptake. Transformation Products of Carbamazepine in Soil:  The antiepileptic drug carbamazepine (CBZ) is one of the most detected human pharmaceuticals in wastewater effluents and biosolids. Soil is a primary environmental compartment receiving CBZ through wastewater irrigation and biosolid application. In this study, we explored the transformation of CBZ to biologically active intermediates in soil. Both 14C-labeling and LC-MS/MS were used to track transformation kinetics and identify major degradation intermediates. Through 120-d incubation under aerobic conditions, mineralization of CBZ did not exceed 2% of the spiked rate in different soils. Amendment of biosolids further suppressed mineralization. The fraction of non-extractable (i.e., bound) residue also remained negligible (<5%). On the other hand, CBZ was transformed to a range of degradation intermediates, including 10, 11-dihydro-10- hydroxy carbamazepine, carbamazepine-10, 11-epoxide, acridone-N-carbaldehyde, 4-aldehyde-9-acridone and acridine, of which acridone-N- carbaldehyde was formed in a large fraction and appeared to be recalcitrant to further degradation. Electrocyclization, ring cleavage, hydrogen shift, carbonylation and decarbonylation contributed to CBZ transformative reactions in soil, producing biologically active products. The persistence of parent compound and formation of incomplete intermediates suggest that CBZ has a high risk for off-site transport from soil, such as accumulation into plants and contamination of groundwater. Comparing Vegetable Accumulation of 19 PPCPs: Reuse of treated wastewater to irrigate agricultural crops is increasing in many arid and semi-arid areas around the world. The presence of numerous pharmaceutical and personal care products (PPCPs) in treated wastewater and their potential transfer into food produce such as vegetables poses an unknown human health risk. The goal of this study was to identify PPCPs that have a comparatively high potential for plant uptake and translocation. A total of 20 frequently-occurring PPCPs were compared for their accumulation into four staple vegetables (lettuce, spinach, cucumber, and pepper) grown in nutrient solutions containing PPCPs at 0.5 or 5 μg L-1. Triclocarban, fluoxetine, triclosan, and diazepam were consistently found at high levels in roots, while fluoxetine, diuron, and carbamazepine exhibited more translocation from roots to leaves. Root uptake of neutral PPCPs was positively correlated with the hydrophobicity or Kow, and was likely driven by chemical adsorption onto the root surfaces. In contrast, translocation from roots to leaves was negatively related to Kow, suggesting hydrophilicity-regulated transport via xylems. Compounds preferentially sorbed to roots (e.g., triclocarban, fluoxetine, triclosan, and diazepam) should be further evaluated for their uptake into tuber vegetables (e.g., carrot, radish) under field conditions, while those easily translocated into leaves (e.g., carbamazepine, fluoxetine) warrant further consideration for leafy and other vegetables (e.g., lettuce, cucumber).

X. Purdue University, West Lafayette, IN (Linda S. Lee & Ron F. Turco) A. Carbon-nanomaterials. Our work on carbon-nanomaterials continues to include an investigation of single-wall carbon nanotubes (SWNTs).   SWNT are used in manufacturing and biomedical applications.  However data on the effects of a potential environmental release of the materials remain sparse.  In this study, soils with either low or high organic matter contents as well as pure cultures of E. coli are challenged with either raw As Purchased SWNTs (AP-SWNTs) or SWNTs functionalized with either polyethyleneglycol (PEG-SWNT) or m-polyaminobenzene sulfonic acid (PABS-SWNT).  To mimic chronic exposure, the soil systems were challenged weekly for six weeks; microbial activities and community structures for both the prokaryote and eukaryote community were evaluated.  Results show that repeated applications of AP-SWNTs can affect microbial community structures and induce minor changes in soil metabolic activity in the low organic matter systems. Toxicity of the three types of nanotubes was also assessed in liquid cultures using a bioluminescent E. coli-O157:H7 strain without soil. The AP-SWNTs suppressed metabolic activity of the E. coli while the functionalized SWNTs had no effect. We suggest that while metals associated with the AP-SWNT were notable, the levels of metals released from or associated with the raw forms of the tubes did not play a major role in the effects seen in soil or the pure culture. However, metals embed in the tubes may be contributing to the response.  B. Carrier Properties Effecting Pesticide Efficacy. We have also been working with the effects of carrier water pH and hardness as they have been shown to influence herbicide efficacy.  The objective of this research was to determine if carrier water pH or hardness influenced the efficacy and solubility of saflufenacil.  Saflufenacil was mixed in eight different carrier water samples created with one of five pH levels (4.0, 5.2, 6.5, 7.7, 9.0) or one of three hardness levels (0, 310, 620 mg L-1).  Water hardness did not influence the efficacy of saflufenacil.  A field experiment on common lambsquarters and giant ragweed showed that visual control was reduced by up to 56% when saflufenacil was applied in water with a pH of 4.0 as compared to water with pH of 7.7.  Saflufenacil efficacy on field corn was reduced when applied in a pH of 4.0 as compared to water with a pH of 5.2 or higher.  Solubility of saflufenacil was 3,461.4 mg L-1 in water with pH of 7.7, 10.1 mg L-1 in water with pH of 4.0, and >5,000 mg L-1 at pH of 9.  Some degradation of parent saflufenacil was detected in the pH 9.0 treatment, with only 90% of added product being recovered after three days of storage. C) Manure-borne Hormone Fate. We investigated what happens to hormones in surface soil after land application and after they have entered the sediment bed in the receiving ditch network. The focus of the surface soils studies was assessing if the isomers of the natural estrogens 17α- and 17β-estradiol degrade at different rates. Considerable research has focused on the fate of 17β-estradiol (17β-E2) given its high estrogenic potency and frequent detection in the environment; however, little is known about the fate behavior of 17α-estradiol (17α-E2) although it often dominates in some animal feces, and recently has been shown to have similar impacts as the β-isomer. In this study, the aerobic biotransformation rates of 17α-E2 and 17β-E2 applied at 50 (g kg-1 soil and metabolite trends were quantified in batch microcosms at ~21 (C and 70-85% field capacity using two soils with different taxonomic properties. Soils were extracted at designated times over a 3-week period and analyzed over time using negative electrospray ionization tandem mass spectrometry. For assessing the anaerobic transformation rates and metabolite formation of 17α-E2, 17β-E2, and E1 that may occur in the sediment bed, estrogens were applied at ~3.66 umol kg-1 of sediment on a dry weight basis in individual microcosms and incubated under nitrate- and sulfate-reducing conditions. Sediments extracts were analyzed using negative electrospray ionization tandem mass spectrometry. For a given soil type, 17α- and 17β-estradiol degraded aerobically at the same rate with half lives across soils ranging between 4-12 h. Estrone (E1) was the only metabolite detected and in all cases subsequent dissipation patterns of E1 are statistically different between isomers. Autoclaved-sterilized controls support that E2 dissipation is dominated by microbial processes.  A first order exponential decay model that assumed sorption did not limit bioavailability was not able to accurately predict the persistence of hormone residuals at later times. Unlike what was observed in aerobic soil systems, stereospecific degradation was observed in the anaerobic sediments under both nitrate- and sulfate-reducing conditions with observed half-lives following 17β-E2 < 17α-E2 < E1 in both redox conditions.  Interconversion between the isomers was observed. Also the metabolite E1 exhibited reversible transformation back to its precursors with preferential formation of the more potent 17β-E2. D) Emerging Contaminants of Concern: Polyfluoroalklysubstances. Polyfluoroalklysubstances (PFASs) have been widely used in various applications for 50 years. Among PFASs, perfluorooctanoate (PFOA) and perflourooctane sulfonate (PFOS) have been of greatest concern due to their environmental persistence, bioaccumulation and potential toxicity. They can enter the environment through direct discharges, from residuals in commercial products and municipal biosolids, or as terminal metabolites from microbial degradation of other PFASs. PFASs are commonly used in aqueous film-forming foams (AFFFs). We explored in aqueous laboratory batch studies the optimal in-situ operating conditions for using base-activated and heat-activated persulfate for defluorinating PFOA and PFOS concentrations (100 to 1000 ug/L) relevant to military sites. We quantified the effect of temperature (20 - 60 °C), persulfate concentrations (1,000 to 20,000 mg/L), reaction time (up to 225 hours for lower temperatures), and the presence of other constituents common at these sites (e.g., chlorinated solvents and fuel constituents) on the efficacy of persulfate to defluorinate PFOA and PFOS. Neither base nor heat activation of persulfate was successful for PFOS. However, heat activation of persulfate did successfully degrade PFOA. The apparent removal of PFOA increased with increasing temperature with 75% removal at 40 °C in 138 hours and complete loss of PFOA at 50 ℃ in 72 hours and at 60℃ in 48 hours. Increasing initial persulfate concentrations at 50 °C resulted in increased rate of PFOA degradation. Low levels of shorter perfluorinated chained metabolites including perfluorobutanoic, perfluoropentanoic, perfluorohexanoic, and perfluoroheptanoic acids were generated and then subsequently degraded. Analysis of fluoride using both ion chromatography and an F-specific electrode was challenging due to the large amounts of sulfate present. Given that both PFOA and PFOS are likely to be present in groundwater contaminated by fire-training activities that involved AFFF, remediation technologies that may degrade both types of compounds need to be explored. Objective 2. To evaluate existing transport models for predicting the fate and transport of pesticides and contaminants in agricultural ecosystems,

E) Hormone Export and Restoration Dynamics. We have been working on developing a "source function" module to predict the hormone mass available for transport to ditches via subsurface tile-drains or surface runoff, their persistence/accumulation in ditches receiving tile drainage and runoff and for coupling to in-stream biogeochemical processes to predict and validate what hormone loads will be transported in the stream network beyond the source area. A robust hydro-biogeochemical model, Hormone Export and Restoration Dynamics (HERD), was developed and validated to explore the trajectories of hormone (17beta-estradiol and the primary metabolite estrone) accumulations and export during long-term irrigations of animal waste lagoon water to agricultural fields, and subsequent recover when such applications end. The HERD model was used to simulate several hypothetical scenarios to explore processes and parameters that control the likely trajectories of hormone accumulations under continued wastewater applications, and recovery trajectories after the irrigations stop. Hormone Export and Restoration Dynamics (HERD) model simulations confirmed that retardation and degradation play a minor role in macro-pore transport given the short travel times (~3 h) exporting much of the hormone load directly to the tiles. Under much longer travel times (few weeks), retardation and fast hormone degradation rates (half-life ~2 d) leads to limited contributions to hormone export from the soil matrix.  Preliminary HERD simulations suggest that hormones build up in the “source zone” over time as a result of repeated animal wastewater irrigations, thus creating legacy sources. After 10-15 years of wastewater irrigation, hormone export becomes mass transfer-limited rather than source-limited, and bi-weekly flow-weighted concentrations are early constant over time (chemostatic response). Findings imply that hydrologic variability rather than biogeochemical processes serve as the dominant control of hormone export from agricultural fields. Trends observed in HERD simulations are consistent with field-scale observations we measured in an earlier in an EPA STAR funded project.

XI. North Dakota State University (Tom M. DeSutter). Manure management effects on 17β-estradiol. Scientific articles have been published and provide increased awareness about how manure-borne hormones associate with different media in the soil environment.  Improvement and refinement of research questions that address the needs of North Dakota will increase knowledge and will continue to help foster new professional relationships and discussions. The laboratory experiments using the different DOC and COC fractions help to understand how these organic fractions facilitate E2 mobility and persistence in the environment. It was found that the DOC affected the solubility of E2, and that E2 can associate with the COC fractions of manure and soil, which can increase the mobility of E2 in water moving in the environment (e.g. field runoff, subsurface transport). The models that were developed helped identify the fate and transport parameters of the laboratory experiments. Ultimately, the desire is to have the laboratory experiments help to explain the field observations and potentially be used to develop better management practices. The new laboratory analytical procedure that was developed does not require the use of advanced analytical equipment, such as mass-spectrometry, to accurately quantify and qualify E2, its conjugates, and metabolites. This method is accessible to laboratories that do not have access to expensive analytical equipment. Furthermore, it allows a complete mass-balance determination by quantifying the fate of estrogens and their metabolites in the aqueous, gas, and bound phases. In 2009 water samples were taken prior to, at, and after the peak of the hydrograph at two locations located before and after the Fargo (ND)-Moorhead (MN) urban environment.  Additionally, after flood waters receded to safe levels, both overbank sediment and underlying soil samples were taken and analyzed for diesel- and gasoline-range organics, trace metals, and plant nutrients. 17B-estradiol was detected in 9 of 24 water samples, with an average concentration of 0.61 ng/L and diesel-range organics were determined in 8 of 24 samples with an average concentration of 80 ug/L.  Diesel-range organics were detected in 26 of the 27 overbank sediment samples but concentrations were less than 50 mg/kg and were likely quickly degraded.  All trace elements in the overbank sediments were within the range for noncontaminated soils. Overbank sediment deposition was significantly greater closer to the river channel compared to upper elevations which was likely due to these lower areas being inundated with flood waters for increased time. These results are significant in that many people in the community think that the river water is contaminated and that sand bags are “hazardous waste” after contact with this water. Our results clearly show that these fears are unfounded.
XII. University of Kentucky (Elisa D’Angelo). A. Effect of livestock antibiotic virginiamycin on nitrogen transformations and microbial community composition in soils. One of the most commonly used subtherapeutic antibiotic used in the poultry industry is virginiamycin, which is a streptogramin antibiotic that is also used in human medicine.  Virginiamycin can enter soils when poultry litter from the houses is applied to soils to improve fertility. The concern is that virginiamycin amendments to soils could alter microbial community composition and biogeochemical transformations that could affect agricultural productivity and environmental quality. To address these questions, lab experiments were conducted to determine the effect of virginiamycin concentration on nitrogen biotransformations and microbial community composition in two soils with divergent soil physical and chemical properties under aerobic and anaerobic conditions. 

XIII. University of Hawaii, at Manoa (J-P Bingham). A) Development and environment testing of novel peptide molluscicides. We have investigated the use of thiol-ester ligation to produce a new class of biodegradable peptide based pesticide agents that specifically target mollusks. We refer to these compounds a cyclotides – as having a bioengineered cyclic peptide backbone. As we move forward we are integrating various novel chemical methods to increase absorption and bioavailability, as too examine their breakdown products in the environment. This is achieved by RP-HPLC analysis; we are also examining their passage into a model GI system to examine potential absorption after ingestion in higher organisms – these results are early stage. B) Evaluating the Risk of Diphacinone Rodenticide Pellets to Hawaiian Trigger Fish. We have investigated dose dependent toxicity in triggerfish with exposure to Diphacinone Rodenticide Pellets. Tissue Biopsies, necropsies of tissues and organs, have been taken to estimate concentration/accumulation of Diphacinone, as determined by RP-HPLC.
