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Meeting Summary
June 9
Group dinner at City Square Restaurant followed by break out group meetings at Hilton Garden Inn, Wooster, OH to prepare report reviews. 
June 10
Meeting called to order at 9:00 am by Group Chair Brander followed by short overview of Multistate Hatch program by Pritos. Pritos reported that the W-4045 Multistate Hatch group was once again the Western regional multistate Hatch program award winner in 2024 and would be nominated for the national award. Project reports commenced at 9:30 following detailed meeting schedule (reviewer/project leader: 5 min project leader; 10 min reviewer; 10 min open group) for the remainder of the day through 4:30. New members (Wise, Smith and Mermer) provided short presentations to introduce their research program. Group dinner was at host, Fred Michel’s residence.   
June 11  
Group welcome, introduction to OSU Wooster Campus programs by Associate Dean Andy Michel at 9:00 am. W-4045 Business meeting was called to order at 9:30 by Chair Susanne Brander. Minutes are summarized below:

Old Business
Minutes 2023 were provided by Brander for comments or changes. Muñoz-Carpena requested a correction. Li moved to approve corrected minutes. Seconded by Schlenck. Motion carried. 

New Business 
2025 Meeting Location: Tracy Sterling presented options available for holding a W-4045 group meeting at Bozeman, MT. MSU dorms are available at $50/night, hotels in Bozeman are relatively expensive. Flights to Bozeman average $1000 roundtrip (similar to costs for Nebraska). Classes finish mid-May so campus should be relatively quiet in June. There are a few summer courses and dorms are regularly used. Li moved to hold next year’s meeting in Montana and Muñoz-Carpena seconded. Brander asked for a vote and the motion passed unanimously. Possible dates are June 1-3, 2025, other options explored but this seemed to be the most viable. Discussion about tours, alternative options for activities, weather limitations, and other considerations followed. 

W4045 Leadership: Brander indicated that Snow served 2-year post as secretary and will advance to the chair position for 2025-26. Snow described the secretary position duties, which includes maintaining the email group list, preparing the annual report (due each fall), and assisting with meeting correspondence.  Pritsos nominated Kaiser, second by Muñoz-Carpena. Kaiser indicated that he would be willing to serve with assistance from Snow. Discussion followed and after a vote Kaiser was selected as secretary for the 2025 meeting.    

New Members: Schlenk moved to accept new group attendees - Smith, Wise and Mermer – into W4045. Li Seconded. Brander called for a vote. Motion passed. 
  
W4045 Journal Articles and Project Renewal: Brander mentioned that a W4045 group article has been discussed in past meetings. Possible venues include Science of the Total Environment, Journal of Agriculture Science and Technology. Snow mentioned that members from this group founded Springer’s Bulletin of Environmental Contamination and Toxicology. Brander suggested that a follow-up virtual meeting be scheduled to discuss the article content. The virtual meeting date was set for September 9th. Snow agreed to send out a meeting poll to determine the most convenient time. Group renewal was also discussed and Pritsos suggested that it would be helpful to the sections and writing assignments, at the September Zoom meeting. 

Business Meeting Adjourned at 11:03 am

Remaining project reports were discussed until lunch. After lunch, meeting host Michel provided a tour of the Wooster CFAES campus, demonstration of USDA-ARS Pesticide Application Technology Research Unit activities, Composting facilities, and tour of Amish Country 19th century agriculture.  

The collaborative impact of W4045 activities and related research falls along a broad, but practical continuum of exposure science through adverse outcome pathways to subcellular effects that may be expressed as whole organism and population level adverse impacts. Evaluation of the potential for adverse impacts drives assessment of mitigation methods pursued by group members.

June 12
Optional tour of OSU Lake Erie Sea Grant Campus was attended by W4045 group members and guests. 

Report summaries 2024
Report summaries below represent a synopsis of each report submitted to by W-4045 members who attended annual meeting.
Project Leader: Susanne M. Brander, Coastal Oregon Marine Experiment Station
Cooperators: Dr. Stacey Harper, Dr. Tala Navab-Daneshmand, OSU College of Agricultural Sciences

Title: Quantifying microplastics in biosolids and their implications for Oregon agriculture

Impact Summary: Although many pathways for microplastics to the environment have been thoroughly described and characterized, the role that agriculture plays in the delivery of microplastics and microparticles (MPs) to waterways, as well as the influence microplastics themselves have on crop production, remains relatively unexplored. However, given the amount of plastics used in the agricultural industry, a group of scientific experts convened in 2021 by the Ocean Protection Council and Ocean Science Trust in the State of California noted that the study of agricultural run-off and its role in contributing to the loading of MPs to the aquatic environment should be prioritized. One source of microplastics to agriculture are the plastic mulches and tarps frequently used, but another major source is biosolids. It is known that the majority of microplastics coming into wastewater treatment plants, the bulk of these being microfibers, settle out into sludge during treatment. This sludge is then sterilized to create biosolids and in turn used as soil amendment on farms. This creates a potential pathway for microparticles, the majority of which are fibers from laundry, to contaminate the soil used for growing crops as well as the possibility of becoming remobilized during a storm event. Our objective herein is
to better understand and quantify the impact of wastewater treatment processes on MPs in residual biosolids in the state of Oregon.
Accomplishments: Overall project aims to devise methods for the processing of biosolids for the study of microplastics and to foster a better understanding the quantities, morphologies, and size distribution of these microparticles (< 5mm) at a variety of wastewater treatment plants using tertiary treatment processes. This is the first study in Oregon to microparticle and microfiber occurrence in biosolids across six different wastewater treatment plants from comparably sized towns, as well as in the soil from an active farm regularly using biosolids to fertilize an orchard. Microscopic analysis of samples collected from six different wastewater treatment plants primarily located in Western Oregon demonstrates relatively consistent contamination of sterilized solids by microparticles and microfibers. Brander has also been working as part of the Scientists Coalition for an Effective Global Plastics Treaty. This group of scientists from Europe, North and South America, and Asia is working to provide science-based information to treaty negotiation delegates to further the understanding of plastic pollution impacts (including agricultural plastics) and to support a move to a circular economy.
Publications
Brander, S. M. Microplastics in Drinking and Wastewater. Senate Testimony. Committee on the Environment and Public Works. February 27, 2024.
Brander, Susanne M., and Samreen Siddiqui. “Presence of Contaminants of Emerging Concerns in the Environment.” In Aquatic Ecotoxicology: Understanding Pollutants, Aquatic Organisms, and Their Environments, edited by Siddiqui and Brander, 21–42. Cham: Springer International Publishing, 2024. https://doi.org/10.1007/978-3-031-53130-9_3.
Biefel, F., J. Geist, R.E. Connon, B. Harper, and S.M. Brander. “Interactive Effects between Water Temperature, Microparticle Compositions, and Fiber Types on the Marine Keystone Species Americamysis Bahia.” Environmental Pollution 348 (May 1, 2024): 123906. https://doi.org/10.1016/j.envpol.2024.123906.

Biefel, Felix, Susanne M. Brander, Richard E. Connon, and Juergen Geist. “Polystyrene Plastic Particles Result in Adverse Outcomes for Hyalella Azteca When Exposed at Elevated Temperatures.” Water 16, no. 10 (2024). https://doi.org/10.3390/w16101360.
Cunningham, B. E., Samreen Siddiqui, and Susanne M. Brander. “How to Identify a Model Species.” In Aquatic Ecotoxicology: Understanding Pollutants, Aquatic Organisms, and Their Environments, edited by S. Siddiqui and S. Brander, 59–84. Cham: Springer International Publishing, 2024. https://doi.org/10.1007/978-3-031-53130-9_5.
Cunningham, Brittany E, Emma E Sharpe, Susanne M Brander, Wayne G Landis, and Stacey L Harper. “Critical Gaps in Nanoplastics Research and Their Connection to Risk Assessment.” Frontiers in Toxicology 5 (2023): 1154538.
De Frond, Hannah, Win Cowger, Violet Renick, Susanne Brander, Sebastian Primpke, Suja Sukumaran, Dounia Elkhatib, et al. “What Determines Accuracy of Chemical Identification When Using Microspectroscopy for the Analysis of Microplastics?” Chemosphere 313 (2023): 137300.
Fadare, Oluniyi O., Jeremy L. Conkle, Samreen Siddiqui, and Susanne M. Brander. “What Are Pollutants, Contaminants, and Chemicals of Emerging Concerns (CECs).” In Aquatic Ecotoxicology: Understanding Pollutants, Aquatic Organisms, and Their Environments, edited by S. Siddiqui and S. Brander, 11–19. Cham: Springer International Publishing, 2024. https://doi.org/10.1007/978-3-031-53130-9_2.
Giroux, M. S., Samreen Siddiqui, and Susanne M. Brander. “Classic Contaminants in Aquatic Ecosystems: POPs, PFAS, Heavy Metals, and Microplastics.” In Aquatic Ecotoxicology: Understanding Pollutants, Aquatic Organisms, and Their Environments, edited by S. Siddiqui and S. Brander, 43–58. Cham: Springer International Publishing, 2024. https://doi.org/10.1007/978-3-031-53130-9_4.
Hampton, Leah M Thornton, Hannah De Frond, Kristine Gesulga, Syd Kotar, Wenjian Lao, Cindy Matuch, Stephen B Weisberg, et al. “The Influence of Complex Matrices on Method Performance in Extracting and Monitoring for Microplastics.” Chemosphere 334 (2023): 138875.
Hutton, Sara J., Samreen Siddiqui, and Susanne M. Brander. “Ecotoxicology Challenges During Climate Change Scenarios.” In Aquatic Ecotoxicology: Understanding Pollutants, Aquatic Organisms, and Their Environments, edited by S. Siddiqui and S. Brander, 147–65. Cham: Springer International Publishing, 2024. https://doi.org/10.1007/978-3-031-53130-9_11.
Hutton, Sara J, Samreen Siddiqui, Emily I Pedersen, Christopher Y Markgraf, Amelie Segarra, Michelle L Hladik, Richard E Connon, and Susanne M Brander. “Multigenerational, Indirect Exposure to Pyrethroids Demonstrates Potential Compensatory Response and Reduced Toxicity at Higher Salinity in Estuarine Fish.” Environmental Science & Technology, 2024.
Mehinto, Alvine C., Susanne M. Brander, and Samreen Siddiqui. “Adverse Outcome Pathways and Their Relevance.” In Aquatic Ecotoxicology: Understanding Pollutants, Aquatic Organisms, and Their Environments, edited by S. Siddiqui and S. Brander, 139–45. Cham: Springer International Publishing, 2024. https://doi.org/10.1007/978-3-031-53130-9_10.
Saari, Gavin N., Samreen Siddiqui, and Susanne M. Brander. “Partitioning of Chemicals in Aquatic Organisms.” In Aquatic Ecotoxicology: Understanding Pollutants, Aquatic Organisms, and Their Environments, edited by S. Siddiqui and S. Brander, 115–30. Cham: Springer International Publishing, 2024. https://doi.org/10.1007/978-3-031-53130-9_8.
Siddiqui, Samreen, and Susanne M. Brander. “Aquatic Ecotoxicology and Human Health.” In Aquatic Ecotoxicology: Understanding Pollutants, Aquatic Organisms, and Their Environments, edited by S. Siddiqui and S. Brander, 131–38. Cham: Springer International Publishing, 2024. https://doi.org/10.1007/978-3-031-53130-9_9.
Siddiqui, Samreen, Frauke Seemann, and Susanne M. Brander. “Ecotoxicological Endpoints and Experimental Design.” In Aquatic Ecotoxicology: Understanding Pollutants, Aquatic Organisms, and Their Environments, edited by S. Siddiqui and S. Brander, 99–114. Cham: Springer International Publishing, 2024. https://doi.org/10.1007/978-3-031-53130-9_7.

Siddiqui, S, SJ Hutton, JM Dickens, EI Pedersen, SL Harper, and SM Brander. “Natural and Synthetic Microfibers Alter Growth and Behavior in Early Life Stages of Estuarine Organisms.” Frontiers in Marine Science 9 (2023): 2671.
Singleton, Sebastian L, Edward W Davis, Susanne M Brander, Thomas J Sharpton, and Stephen J Giovannoni. “Identification of Rare Microbial Colonizers of Plastic Materials Incubated in a Coral Reef Environment.” Frontiers in Microbiology 14 (2023): 1259014.
St. Romain, Scott J, Laura M Basirico, Sara Hutton, Susanne Brander, and Kevin L Armbrust. “Influence of Salinity on the Partitioning Behavior of Six Commonly Used Pesticides in Fish Eggs.” Environmental Toxicology and Chemistry 43, no. 2 (2024): 299–306.
Torres, Leigh G, Susanne M Brander, Julia I Parker, Elissa M Bloom, Robyn Norman, Jennifer E Van Brocklin, Katherine S Lasdin, and Lisa Hildebrand. “Zoop to Poop: Assessment of Microparticle Loads in Gray Whale Zooplankton Prey and Fecal Matter Reveal High Daily Consumption Rates.” Frontiers in Marine Science, 2023.
Villarrubia-Gómez, Patricia, Bethanie Carney Almroth, Kristian Syberg, Tridibesh Dey, Melanie Bergmann, Susanne M Brander, Alicia Mateos Cardenas, et al. “Technology Cannot Fix This: To Stay within Planetary Boundaries, Plastic Growth Must Be Tackled,” 2023.

Project Leader: Michael Kaiser, Nebraska Agricultural Experiment Station
Cooperators: Arindam Malakar, Katja Koehler-Cole, and Britt Fossum, Institute of Agriculture and Natural Resources
Title: Increasing carbon storage and nitrate retention in soils under corn and soybean by application of biochar derived from an invasive tree species - Insights from rainfed and irrigated field experiments
Impact Summary: The first data of this project showed that biochar application can result in increased soil nitrate retention. The biochar surface functionalization with reactive iron oxides due to changing soil moisture conditions seems to be an underlying process that can partly explain differences in nitrate retention between study sites with different water regimes (rainfed vs. irrigated). Positive effects on soil water retention derived from biochar application seem to take longer than one year to unfold. The established field experiments at SCAL (irrigated) and ENREEC (rainfed) appear to be highly useful to clarify long-term effects of combining biochar with cover crops on improved soil water and nitrate retention. Further analyses will clarify agronomic and biogeochemical factors and processes that drive nitrate pathways within corn-soybean agroecosystems that might help in increasing their resource efficiency.
Accomplishments: We analyzed two field experiments under corn-soybean rotation with one being irrigated and the other one being rainfed, which were established six years ago to study cover crop effects on agronomic performance. Biochar produced from Eastern Red Cedar was incorporated at a rate of 70 Mg ha-1 in 10-15 cm depth in subplots allowing us to compare combined and individual effects of biochar and cover crops on soil carbon and nitrate retention. Samples were taken six months after biochar application from 0-10, 10-30, 30-60, and 60-90 cm and analyzed for organic carbon and nitrate. Biochar particles were analyzed for changes in their reactivity towards nitrogen using X-ray photoelectron spectroscopy (XPS). For both sites, positive individual effects of cover-crops on soil carbon and nitrate retention were not detected. In contrast, biochar addition increased topsoil (0-30 cm) carbon storage significantly across the two study sites. Under irrigated conditions, nitrate retention was significantly increased due to biochar addition in the topsoil across all treatments but only if combined with cover crops under rainfed conditions. XPS analyses indicated, compared to raw pre-application biochar particles, the presence of oxidized and reduced iron species at the surface of aged biochar particles and an increased presence of nitrogen species including nitrate. This pattern was more consistently found for biochar particles sampled from the irrigated field experiment. Results of this study suggest that biochar nitrate retention is driven by processes occurring at the biochar surface and that soil saturation due to water input influences these processes. Our data might help in outlining soil environmental conditions under which biochar addition is most impactful to improve resource efficiency in agro-ecosystems.
Publications (*student author)
Krupek F.S.*, Kaiser M., Redfearn D., Basche A. 2024. Potential gains in soil carbon and nitrogen as a result of systems perenniality: Insights from on‐farm experiments and soil organic matter fractions. Soil Use and Management 40, e13064.
Li L.*, Liang W., Awada T., Hiller J., Kaiser 2024. M. Machine Learning for Modeling Soil Organic Carbon as Affected by Land Cover Change in the Nebraska Sandhills, USA. Environmental Modeling & Assessment, 1-13.
Malakar A., Snow D.D., Rudnick D., Maharjan B., Kaiser M., Ray C. 2024. Natural Reactive Iron Dynamics in the Agricultural Soil of Semiarid to Arid Systems. ACS Agricultural Science & Technology 4 (3), 307-316.
Li L.*, Hosseiniaghdam E.*, Drijber R., Jeske E., Awada T., Hiller J., Kaiser M. 2023. Conversion of native grassland to coniferous forests decreased stocks of soil organic carbon and microbial biomass. Plant and Soil. https://doi.org/10.1007/s11104-023-06138-9.
Baker T.J.*, Kaiser M., Turk J.K. 2023. 2023. Predicting soil organic carbon from loss-on-ignition across four regions of Nebraska. Communications in Soil Science and Plant Analysis. DOI: 10.1080/00103624.2023.2217841.
Li L.*, Shields J.*, Snow D.D., Kaiser M., Malakar A. 2023. Labile carbon and soil texture control nitrogen transformation in deep vadose zone. Science of the Total Environment, 163075.
Anuo C.*, Cooper J.*, Ramirez S.*, Koehler K., Kaiser M. 2023. Effect of Cover Cropping on Soil Organic Matter Decomposition and Stabilization: Insights from a five-year field experiment in Nebraska. Agriculture, Ecosystems & Environment 347, 108393
Hosseiniaghdam E.*, Yang H., Mamo M., Kaiser M., Schacht W.H., Eskridge K.M. 2023. Abagandura G. Effects of litter location, soil moisture, and temperature on carbon mineralization in a sandy grassland soil - insights from microcosm experiments. Grassland Science, DOI: 10.1111/grs.12399.
Cooper J.*, Malakar A., Kaiser M. 2023. Self-functionalization of soil-aged biochar surfaces by iron increases nitrate retention. Science of the Total Environment 861, 160644.
Li L.*, Long A.*, Fossum B.*, Kaiser M. 2023. Effects of pyrolysis temperature on selected characteristics of biochar derived from different feedstock: a meta-analysis. Soil Use & Management, doi:10.1111/sum.12848.
Project Leader: Qing X. Li, Hawaii Agricultural Experiment Station
Collaborators: Baomin Wang, Department of Molecular Biosciences and Bioengineering, University of Hawaii at Manoa
Title: Nanobody mediated atrazine resistance in plant
Impact Summary: Immunomodulation can be a technically viable approach to acquire commercial herbicide-resistant crops and be a useful tool to study plant physiology.
Accomplishments: In planta expression of recombinant antibody has been proposed as a strategy for herbicide resistance, but not well advanced yet. Here, an atrazine nanobody gene fused with a green
fluorescent protein tag was transformed to Arabidopsis thaliana which was confirmed with PCR,
ELISA, and immunoblotting. High levels of nanobody accumulation were observed in nuclear,
cytoderm and cytosol. The nanobody expressed in plant had similar affinity, sensitive, and
selectivity as that expressed in Escherichia coli. The T3 homozygous line showed resistance in a
dose-dependent manner up to 380 g ai/ha of atrazine which is approximately one third of the
recommended field application rate. This is the first report of utilizing nanobody in plants against
herbicides. The results suggest that utilizing a high-affinity herbicide nanobody gene rather than
increasing the expression of nanobody in plants may be a technically viable approach to acquirecommercial herbicide-resistant crop and be a useful tool to study plant physiology.
Publications
Qin, C.; Lu, Y.-X.; Borch, T.; Yang, L.-L.; Li, Y.-W.; Zhao, H.-M.; Hu, X.; Gao, Y.; Xiang, L.; Mo, C.-H.; Li, Q.X. 2022. Interactions between extracellular DNA and perfluoroalkyl acids (PFAAs) decrease bioavailability of PFASs into pakchoi (Brassica chinensis L.). Journal of Agricultural and Food Chemistry 70(46): 14622–14632. 
Qiao, Y.-T.; Lu, Y.-X.; Yu, P.-F.; Feng, N.-X.; Li, Y.-W.; Zhao, H.-M.; Cai, Q.-Y.; Xiang, L.; Mo, C.-H.; Li, Q.X. 2023. A novel method based on solid phase extraction and liquid chromatography -tandem mass spectrometry warrants occurrence of trace xanthates in water. Chemosphere 310: 136770. 
Liu, X.; Li, F.; Gao, R.-J.; Wang, X.X.; Cheng, J.L.; Liu, B.L.; Xiang, L.; Li, Y.-W.; Cai, Q.-Y.; Zhao, H.-M.; Mo, C.-H.; Li, Q.X. 2023. Revealing microcystin-LR ecotoxicity to earthworm (Eisenia fetida) at the intestinal cell level. Chemosphere 311: 137046. 
Li, C.; Wu, Y.; Yin, X.; Gong, Z.; Xing, H.; Miao, J.; Wang, S.; Liu, J.; Na, R.; Li, Q.X. 2023. Modular synthesis of the pheromone (2S,7S)-2,7-nonanediyl dibutyrate and its racemate and their field efficacy to control orange wheat blossom midge, Sitodiplosis mosellana (Géhin) (Diptera: Cecidomyiidae). Pest Management Science 79 (1): 97-104. 
Yao, Y.; Li, Q.X. 2023. Efficient, fast and robust degradation of chlortetracycline in wastewater catalyzed by recombinant Arthromyces ramosus peroxidase. Science of the Total Environment 858: 159872. 
Huang, Y.-H.; Yang, Y.-J.; Wu, X.; Zhu, C.-L. Lü, H.; Zhao, H.-M.; Xiang, L.; Li, H.; Mo, C.-H.; Li, Y.-W.; Cai, Q.-Y.; Li, Q.X. 2023. Adaptation of bacterial community in maize rhizosphere for enhancing dissipation of phthalic acid esters in agricultural soil. Journal of Hazardous Materials 444: 130292. 
Feng, N.-X.; Zhang, F.; Xie, Y.; Bin, H.; Xiang, L.; Li, Y.-W.; Zhang, F.; Huang, Y.; Zhao, H.-M.; Cai, Q.-Y.; Mo, C.-H.; Li, Q.X. 2023. Genome mining-guided activation of two silenced tandem genes in Raoultella ornithinolytica XF201 for complete biodegradation of phthalate acid esters. Science of the Total Environment 864: 161013. 
Tang, J.; Yao, J.; Pan, D.; Huang, J.; Wang, J.; Li, Q.X.; Dong, F.; Wu, X. 2023. Characterization and catalytic mechanism of a direct demethylsulfide hydrolase for catabolism of the methylthiol-s-triazine prometryn. Journal of Hazardous Materials 446: 130708. 
Nzila, A.; Musa, M.M.; Afuecheta, E.; Al-Thukair, A.; Sankaran, S.; Xiang, L.; Li, Q.X. 2023. Benzo[A]pyrene biodegradation by multiple and individual mesophilic bacteria under axenic conditions and in soil samples. International Journal of Environmental Research and Public Health 20: 1855. 
He, Q.; Wang, M.; Zhao, Y.; Tan, G.; Zhang, M.; Feng, R.; Chen, Y.; Wang, B.; Li, Q.X. 2023. Isolation of atrazine nanobodies enhanced by depletion of anti-carrier protein phages and performance comparison between the nanobody and monoclonal antibody derived from the same immunogen. Analytica Chimica Acta 1244: 340848. 
Zhang, G.; Fang, L.; Cheng, Z.; Shi, T.; Ma, X.; Li, Q.X.; Hua, R. 2023. Highly efficient adsorption characteristics and mechanism of nutshell biochars for aromatic organophosphorus insecticides. Agronomy 13: 543. 
Pan, D.; Yang, Y.; Nong, A.; Tang, Z.; Li, Q.X. 2023. Roles of GRP78 in regulating lipid metabolism. Encyclopedia: https://encyclopedia.pub/entry/41127 
Pereira, G.M.; Jun, S.; Li, Q.X.; Wall, M.M.; Ho, K.K.H.Y. 2023. Formation and physical characterization of soy protein-isoflavone dispersions and emulsions. LWT – Food Science and Technology 176: 114513. 
Guo, J.-J.; Li, F.; Xiao, H.-C.; Liu, B.-L.; Feng, L.-N.; Yu, P.-F.; Meng, C.; Zhao, H.-M.; Feng, N.-X.; Li, Y.-W.; Cai, Q.-Y.; Xiang, L.; Mo, C.-H.; Li, Q.X. 2023. Polyethylene and polypropylene microplastics reduce chemisorption of cadmium in soil and increase its bioaccessibility. Journal of Hazardous Materials 449: 130994. 

Yang, J.-F.; Wang, F.; Wang, M.-Y.; Wang, D.; Hao, G.-F.; Li, Q.X.; Yang, G.-F. 2023. CIPDB: A biological structure databank for studying cation and π interactions. Drug Discovery Today 28(5): 103546 
Jiao, W.; Wang, L.; Zhu, L.; Shen, T.; Shi, T.; Zhang, P.; Wang, C.; Chen, H.; Wu, X.; Yang, T.; Li, Q.X.; Hua, R. 2023. Pyrrolizidine-producing weeds in tea gardens as an indicator of alkaloids in tea. Food Additives and Contaminants: Part B 16(1):50-57. 
Pan, D.; Tang, Z.; Zhang, Z.; Li, Q.X. 2023. Action mechanisms and pharmacokinetics of dihydromyricetin against obesity. ACS Food Science & Technology 3: 539–545. 
Hammock, B.D.; Li, Q.X. 2023. John Edward Casida. 22 December 1929 – 30 June 2018. Biographical Memoir of Fellows of the Royal Society 74: 63–86. 
Zhao, S.; ang, X.; Xu, Q.; Li, H.; Su Y.; Xu, Q.; Li, Q.X.; Xia. Y.; Shen, R. 2023. Association of maternal metals exposure, metabolites and birth outcomes in newborns: A prospective cohort study. Environment International 179: 108183. 
Sun, B.; Xu, J.; Liu, S.; Li, Q.X. 2023. Characterization of small molecule-protein interaction using SPR method. In: Protein-Protein Interactions: Methods and Protocols, Methods in Molecular Biology. Vol. 2690. S.M. Sukhtar (Ed). Chapter 15. Pp 149-159. Humana Press, New York, NY. 
Jiao, W.; Zhu, L.; Shen, T.; Wang, L.; Li, Q.X.; Wang, C.; Wu, X.; Chen, H.; Hua, R. 2023. Simultaneous determination of 15 pyrrolizidine alkaloids and their N-oxides in weeds, soil, fresh tea leaves, and tea: Exploring the pollution source of pyrrolizidine alkaloids in tea. Food Chemistry 434: 137305. 
Quan, Z.; Zhao, Z.; Liu, Z.; Wang, W.; Yao, S.; Liu, H.; Lin, X.; Li, Q.X.; Yan, H.; Liu, X. 2023. Biodegradation of polystyrene microplastics by superworms (larvae of Zophobas atratus): Gut microbiota transition and putative metabolic ways. Chemosphere 343: 140246. 
Jiao, W.; Zhang, P.; Cui, C.; Yan, M.; Li, Q.X.; Tang, Y.; Zhang, N.; Wang, X.; Hou, R.; Hua, R. 2023. Metabolic responses of tea (Camellia sinensis L.) to the insecticide thiamethoxam. Pest Management Science 79(10): 3570-3580. 
Zhao, L.; Li, C.; Zhang, M.; Li, H.; Ding, S.; Zhao, X.; Yang, L.; Liu, J.; Li, Q.X.; Na, R. 2023. Design, synthesis, and antifungal activity of polyacetylenic alcohol derivatives and stereoisomers against phytopathogenic fungi. Journal of Agricultural and Food Chemistry. 71(25):9753-9761. 
Yan, J.-F.; Xiang, L.; Zhang, B.-Y.; Tang, C.; Xie, Y.-Q.; Li, Y.-W.; Feng, N.-X.; Liu, B.-L.; Li, H.; Cai, Q.-Y.; Li, Q.X.; Zhao, H.-M.; Mo, C.-H. 2023. Mechanism and association between microbial nitrogen transformation in rhizosphere and accumulation of ciprofloxacin in choysum (Brassica parachinensis). Environmental Science & Technology 57(42): 16053-16064. PMID: 37824517 
Xiang, L.; Qiu, J.; Chen, Q.-Q.; Yu, P.-F.; Liu, B.-L.; Zhao, H.-M.; Li, Y.-Cai, Q.-Y.; Mo, C.-H.; Li, Q.X. 2023. Development, evaluation, and application learning models for accurate prediction of root uptake of per- and poly-fluoroalkyl substances. Environmental Science & Technology 57(46): 18317–18328. 

Project Leader: Frederick C. Michel, Jr, College of Food, Agricultural and Environmental Sciences
Collaborators: Morgan Guider, Hugh McLaughlin, Tera Lewandowski, College of Food, Agricultural and Environmental Sciences
Title: Mitigation of Persistent Herbicide Phytotoxicity in Composts
Impact Summary: Composting facilities and farmers and gardeners using composts, have reported phytotoxity symptoms such as poor growth, leaf cupping and loss of apical dominance consistent with herbicide contamination. These have been attributed to a group of herbicides known as Persistent Herbicides (PH) that includes clopyralid, picloram, aminopyralid, quinclorac and amino-cyclopyrachlor that are phytotoxic at very low concentrations (<10 ppb). Reported is the development of predictive models based on sorption properties to predict the effectiveness of low-cost carbon based materials such as biochars in mitigating PH contamination in composts. The ability to routinely and easily assess the ability of carbon-based sorbents to mitigate persistent herbicide contamination in composts, could save compost producers and users millions of dollars in claims and remediation costs.

Accomplishments: Persistent herbicides (PH) pose an existential threat to commercial, municipal and community composting, and to the emerging circular economy. PH have been found in composts in many states and have cost compost producers millions of dollars. Common garden plants including tomato and bean are sensitive to these compounds at concentrations below 10 ppb. Chemical analysis is inconsistent and requires expensive liquid chromatography and mass spectrometry equipment, as well as highly trained analytical chemists, to detect in composts at these concentrations. Activated carbon, wood ash and biochar (biocarbon-based sorbents) have been identified as potential low-cost remedies to PH phytotoxicity in compost. Although a moderate correlation between adsorption and mitigation effectiveness was observed, there is very little research indicating which property, adsorption, surface area, water uptake by absorption, versus water uptake by adsorption, might contribute to PH adsorption to predict which carbon-based sorbent materials might work best as mitigation agents for PH in composts. To quantify adsorption properties, a custom made macro scale Gravimetric Adsorption Capacity Scan (GACS+) machine will be set up at OSU and used to measure adsorption and other properties of biochars, high carbon wood ash and other sorbent materials. Models based these properties and mitigation effectiveness for composts contaminated with PH are being developed.

Publications
D’Angelo, D and FC Michel Jr. How to Conduct Your Own On-Site Testing of Composts for Persistent Herbicides. 3/23/2023. OSU Extension and US Composting Council. 

Project Leader: Rafael Muñoz-Carpena, Agricultural and Biological Engineering, University of Florida
Collaborators: Stefan Reichenberger (Knoell, France), Jorge Olivares-Rivas (Knoell, Germany), Robin Sur (Bayer AG, Germany)
Title: Field spot treatments of agrochemicals through smart agriculture 
Impact Summary: Field “spot treatments” of agrochemicals through smart agricultural solutions (high-resolution maps from drones or vehicle cameras combined with robotic precision applicators) can significantly reduce the application of pesticides and other agrochemicals in the field. This localized chemical application with high resolution (small spot footprint, <1x1 m) can reduce off-field agrochemical drift and surface runoff impacts to adjacent water bodies. While quantification of drift reduction is advancing, very limited work exists for the quantification of potential pesticide runoff reduction from this smart agricultural practice in the regulatory environmental risk analysis (ERA) context. For the case of runoff reduction, small application footprint technologies mean that a very small part of the field becomes a source of pesticide runoff during a subsequent rainfall-runoff event. Particularly for crops with dense surface cover (e.g. cereals), the rest of the untreated field can act as a sink for dissolved and adsorbed pesticides before exiting the field. Part of the difficulty in quantifying the potential reduction of pesticide runoff stems from the pseudo-random pattern of spot applications around the field during each crop season and across years during long-term regulatory assessments.  A new 2D mechanistic-probabilistic modelling framework, SPOTMOD, was developed that considers i) sources: upslope pesticide runoff generation from the spot treatments around the field; ii) sinks: infiltration, sedimentation and pesticide trapping on downslope segments (after spots) of the field with vegetation, iii) variable conditions of the field vegetation during the crop phenology and the effects on runoff and sedimentation, iv) size of spots and and percentage of field area treated. v) long-term exposure calculations ( 20 yr., EU FOCUS PECsw).
Accomplishments: Objectives of this work were to develop a new software tool for quantification of  approximated 2-D surface runoff pesticide from spot treatments, SPOTMOD, that considers in pesticide runoff sources from treated spots within the field (quantified in the field with PRZM); sinks on downslope (after treated spots) vegetated segments of the (quantified with VFSMOD); variable field conditions of the vegetation during the crop phenology and its effect on pesticide perunoff and sedimentation (liquid and solid phase transport); spot size and % field treated; and EU FOCUS “repair” Step 4 longterm exposure calculations (PECsw). Python master code for FOCUS repair Step 4 runs with PRZM dowscaling and VFSMOD coupling is ready (beta version). It includes: a) “row–by-row” and segment separation; b) hydrograph and pollutograph convolution function on downslope segments from spot treated areas; c) parallel runs for random spot treatment applications. Long-term simulation results (reduction efficiencies and PECsw) are presented for 20-year series of runoff events from a FOCUS surface water scenario. 
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Project Leader: Daniel Schlenk, University of California, Riverside  
Collaborators: Jay Gan (UCR) Chris Vulpe (UF), Joe Bisesi (UF), Chris Martyniuk (UF)
Title: Knock out of Flavin-containing Monooxygenase in Fish:  Role in Pesticide Biotransformation
Impact Summary: Understanding how pesticides are bio-transformed is critical in the understanding of risk.  This is especially true when the enzymes that bio-transformed pesticides can make the pesticide more toxic and are enhanced by climate change (sea-level rise).  
Accomplishments: Flavin-containing Monooxygenases (FMOs) are a family of enzymes that are co-localized with cytochrome P450s (CYPs) in the endoplasmic reticulum of multiple cell-types, organs, and organisms.  FMOs are also similar to CYPs in that they require NADPH and oxygen.  However, the substrate specificities and catalytic reaction mechanism is significantly different in that soft-nucleophilic substrates attack peroxyl-flavins located in the active site of the enzyme. Numerous studies have shown an association with expression and functionality of FMOs in animals residing in saltwater or undergoing saltwater acclimation.  Isolation and sequencing of salmonid FMO1 possessed Osmoregulatory response Elements (OsREs) in the promoter region of the gene, and expression of FMO mRNA was increased following NaCl treatment in isolated hepatocytes of rainbow trout.  To determine the relevance of the enzyme in osmoregulation and xenobiotic metabolism, we targeted the D.rerio fmo5 for functional disruption using direct microinjection of CRISPR-Cas9 Ribonucleoprotein (RNP) complexes  into two cell stage embryos. We evaluated several small guide RNAs (sgRNAs) to the fmo5 gene for editing efficiency and identified an sgRNA targeting the region encoding the functionally essential FAD binding site which resulted in high embryo editing efficiency and no embryo-lethality.   We evaluated RNP and mock microinjected embryos at 7 days postfertilization, for sensitivity to   NaCl, the organophosphate insecticide, phorate, nicotine, and thiourea.   Genomic DNA was prepared from each embryo and editing efficiency was evaluated by direct PCR of the targeted region, sanger sequencing, and Inference of CRISPR edits (ICE) analyses.  Importantly, all FAD targeted larvae were predicted to have 95% composite loss of function in all injected animals.  No significant differences were observed in thiourea, nicotine, or NaCl treatments between mock injected and larvae were confirmed to have predicted functional disruption.  In contrast, while 100% mortality was observed in mock injected animals treated with phorate at all concentrations, only 42% mortality at the highest concentrations was noted in the larvae with fmo5 disruption.  These data indicate FMO may be involved in the detoxification of phorate rather than activation and that kinetic differences in affinity may be important regarding biotransformation/activation in zebrafish.
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Project Leader: Daniel D. Snow, Nebraska Agricultural Experiment Station 
Collaborators: Arindam Malakar (IANR/University of Nebraska), Chittaranjan Ray (Nebraska Water Center/College of Engineering), Daniel N. Miller (USDA-ARS) 
Title: Managing mobilization and leaching losses of nitrate and geogenic contaminants in irrigated cropland.
Impact Summary: This project will help ensure the sustainability of farming in Nebraska and other states dealing with nitrate loss beneath agricultural fields by developing an economical research-based technology and practice for addressing nitrate-nitrogen losses beneath irrigated cropland and provide an alternative means for improving groundwater quality under highly vulnerable soils. These bench tests and proof-of-concept demo sites in northeast Nebraska demonstrate the feasibility of ground wood chip injection using low cost modified off-the-shelf agricultural equipment. We propose to build on this proof-of-concept by treating the existing test plots after further modifying wood chip-injector plow to increase the carbon application rate of ground woodchips.
Accomplishments: Over 56 million acres (22.66 million ha) of cropland are irrigated in the US, and estimated nitrogen fertilizer leaching losses range between 20-60%. Nitrate leaching losses to groundwater in Nebraska are consistently greater beneath irrigated, sandy, well-drained cropland soils. Because few options exist for controlling nitrate leaching beneath irrigated sandy soils, our research is focused on the development and application of innovative soil treatment practices. One such practice is subsoil injection of locally sourced carbon to stimulate denitrification. While woodchip bioreactors have been explored on tile drained cropland, to our knowledge this is the first demonstration of the practical utility of subsoil bioreactors for controlling vertical leaching of nitrate beneath irrigated cropland.   Test plots on two irrigated fields were treated with the carbon injection device on 50 cm (24”) spacing using the tractor tire to smooth the furrow with each pass. One half of each plot was injected with woodchips and the other half plowed without wood to act as control. The effect of injected carbon was evaluated by collection and laboratory analysis of monthly triplicate soil cores, gas samples and porewater lysimeter samples installed at depths above and below the injected carbon layer. A statistically significant reduction in nitrate concentrations (15-25%) was found in soil samples collected beneath woodchip treated test plots, though the reduction was not as pronounced as in the bench test soil columns. No difference in corn yield was found in comparing the treated from untreated plots at harvest, and no differences were found in greenhouse gas emissions between plots receiving carbon injection.
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Project Leader: Tracy M. Sterling, Montana Agricultural Experiment Station
Collaborators: David Weaver (MSU) and Daniel Cook (USDA-ARS) 
Title: The role of fungal endophyte in volatile emissions from a toxic rangeland weed
Impact Summary: Locoweeds are rangeland weeds that contain swainsonine, a toxic alkaloid which causes severe economic losses across the western US by poisoning livestock.  The toxin contains the expensive nutrient, nitrogen, and is produced by a fungal endophyte which grows within the weed. We have found that the endophyte has little effect on locoweed growth, so were curious if volatile chemicals emitted by the plants that host the endophyte provide any benefits to the plants in terms of pollinator attraction or herbivore repellant.  Understanding the relationship between the locoweed host and its swainsonine-producing endophyte will allow researchers to predict swainsonine levels and reduce the chance for locoweed poisoning of grazing animals, domestic and wild. Also, understanding any endophyte-induced attraction to pollinators or plant defense against herbivores will allow us to better manage this weed by predicting locoweed’s ability to expand its range across western USA rangelands.  

Accomplishments: Locoweeds are legumes that contain swainsonine (SWA), an alkaloid that causes severe economic losses through the livestock disease ‘locoism’. The fungal endophytes, Undifilum spp., are completely responsible for SWA in locoweeds. To date, the locoweed-fungal endophyte complex seems physiologically asymptomatic, though nothing is known about how the endophyte affects the herbivory and pollinator signals from the plant. Therefore, we collected volatile compounds released from greenhouse- and field-grown locoweed. Multiple secondary metabolites were detected using GC/MS of gas samples collected from Oxytropis sericea plants grown with its fungal-endophyte (E+) and plants from which the fungal endophyte had been mechanically removed (E-). While we detected 8 and 11 unique chemicals in greenhouse- and field-grown leaves, respectively, the amounts accumulated did not differ between endophyte treatments. The endophyte does not appear to alter plant secondary metabolites to maintain any herbivory and/or pollinator cues. These findings are the first profile of locoweed leaf and flower volatiles; however, the fungal endophyte does not appear to be influencing those pathways in the plant.
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Project Leader: Cathleen J. Hapeman USDA-ARS
Collaborators: Gregory W. McCarty, Clifford P. Rice, Zacharias J. Smith
Title: Launching a National Study to Age-date Stream Waters using Chiral MESA

Impact Summary: Agricultural activities can be significant non-point sources of nutrient pollution to surface waters, and various conservations practice have been implemented to control and remediate these nutrient losses. However, to evaluate the effectiveness of these strategies, the ground water contributions to nutrient loadings and a reliable age-dating method to measure groundwater residence times are required. We have discovered a novel agricultural nitrate tracer and a water age-dating technique using the chemical characteristics of MESA, a major soil metabolite of the herbicide metolachlor which is widely-used in corn and soybean herbicide production. Maryland members of W-4045 conducted a collaborative study with over 50 sites in the USDA Long-term Agroecosystem network and the Conservation Evaluation Assessment Project and with selected sites in the USGS The National Water-Quality Assessment (NAWQA) Project to evaluate the age of groundwater contributions to stream waters in agricultural systems. Initial results showed a wide variation in the mean residence times with shortest times observed in areas tile drains are prevalent. Results of this study will provide more accurate mean residence times for use in pollutant fate modeling efforts such as SWAT.

Accomplishments: Samples from a national program were collected between 2019-2022 and analyzed for S-MESA to evaluate national watershed dynamics. Samples were collected from 66 watersheds with these single and nested watershed systems spanning more than 7 USGS regional HUCs (including Mississippi Basin, Great Lakes, and Eastern US Atlantic regions) and account for nearly 3 million km2 of (or 37% of the total) U.S. watershed drainage area (Figure 8). Watersheds with a small fraction of racemic MESA suggest that cropland infiltrated water, present before the metolachlor change to 88% S-MESA, had moved through watershed groundwater to the surface water outlets. These watersheds have shorter watershed retention times, and pathways are dominated by fast flows (local, vadose zone, shallow groundwater). Watersheds with a smaller fraction of S-MESA suggest slow flow paths (regional, deeper groundwater influence), which are likely defined by legacyN sources of cropland infiltrated groundwater. Our future work is to evaluate some of the causative reasons for the fast transport of infiltrated water through watershed groundwater. One of our hypotheses is that tile drains decrease groundwater mean residence time as increased tile drainage correlated with an increase in in SMESA. Ongoing work will evaluate this hypothesis further, and its consequences for nitrogen flux into US waterways.  
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