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__________________________________________________________________________________________ 
Introduction 
Everglades Stormwater Treatment Areas (STAs) are designed to reduce excess total phosphorus (TP) from surface waters prior to discharging that water into the Everglades Protection Area (EPA). The primary goal of this project was to identify and quantify different forms of P that comprise the organic P pool in water, floc and soils using nuclear magnetic resonance (NMR) spectroscopy. This will allow the managers to assess which forms of organic P may be limiting the ability of the low performing STAs to reduce TP concentrations to those observed in high performing STAs. Our objective was to optimize the current 31P-NMR method to determine organic P forms in low-P soils, such those in the Everglades Water Conservation Area-2A.
Experimental

Solution 31P nuclear magnetic resonance (NMR) spectroscopy was used for characterizing organic P speciation in soil and floc samples. The 31P NMR spectra were measured by Bruker Avance-III-600 spectrometer with a 5-mm BBO-Z probe. This magnet is located at AMRIS facility at the McKnight Brain Institute of the University of Florida. The instrument is equipped with a 5-mm Bruker broadband inverse (BBI) probe, operating at 31P resonating frequency of 161.81 MHz. Various P extraction methods, including sample pretreatments, soil to solution ratios, the strength of solvents, concentration of solutions, filtration steps, and NMR acquisition parameters have been tested for the best approaches for the 31P-NMR sample preparation methods.
Results and Discussion
[image: image2.emf]Prior to applying the optimized NMR method all the samples from WCA-2A produced poor NMR spectra, insufficient for the identification of organic P groups. A range of physical sample conditions such as field moist, air-dried, freeze-dried and oven-dried pretreatments were evaluated to determine the best approach for low-P wetland soils. Field moist soil samples resulted in poor alkaline extraction efficiencies (15-17%) and unreliable NMR spectra, whereas air-drying (26-30%) and freeze drying (23-28%) had minimal effects on organic P functional groups (Fig #1). Soil to solution (NaOH-Na2EDTA) ratios of 1:20 produced the highest extraction efficiencies (26-30%) compared to 1:10 (15-16%) and 1:40 ratios (16-30%), consistent with the most commonly used ratio in the literature. The lowest P site, U3, required the resuspension of lyophilized powder to be double concentrated (300:1.5) to obtain readable spectra identifying organic P forms.
Figure 1. Sample pre- treatment variables.
 
Conclusions

Drying samples at a constant temperature of 35ºC to mimic air-dry conditions can be considered a suitable option to reduce sample heterogeneity. Soil to solution (NaOH-Na2EDTA) ratios of 1:20 was suitable for wetland soils. For low P soils (such as the U3 site of WCA-2A), we recommend the resuspension of lyophilized powder (300 mg) in 1.35 mL NaOH-EDTA and 0.15 mL of D2O to obtain readable spectra identifying organic P forms. Filtration of samples did not show any difference in the quality of spectra, although centrifugation of the samples (at 6,000 rpm) before loading them in the NMR tube can be helpful to avoid possible residual particles from soil samples.
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