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Pollution of water bodies by phosphorus in runoff from soil amended with animal manures is one
of the greatest threats to water quality in developed countries. The environmental fate of manure
phosphorus is determined in part by its chemical composition, yet extraction procedures to assess
this are poorly developed and provide no structural information.

We used solution 3P NMR spectroscopy to quantify phosphorus compounds in sequential
extracts of three contrasting manures (broiler litter, beef-cattle manure, swine manure). Using a
procedure originally developed for soils, but commonly applied to manures, phosphorus was
extracted sequentially with deionized water, 0.5 M NaHCOg3, 0.1 M NaOH, and 0.5 M HCI.

Broiler Litter Cattle Manure Swine Manure
: : — 512
61 — 4
T T T T T T
5 _-015 4 - -
JG

6.21 6.20
-4.32
e \1

NaHCO,

NaOH

HCI

6 4 2 o -2 -4 6 4 2 0o -2 -4 6 4 2 0o -2 -4

Chemical shift (ppm)
Figure 1. Solution *'P NMR spectra of sequential extracts of a broiler litter, a cattle manure, and a swine manure,
using a revised Hedley fractionation procedure (Hedley et al., 1982). The main spectra are scaled to the full height
of the phosphate signal at approximately 6.1 ppm, while inset spectra are scaled to the height of the largest
phosphate monoester signal. All spectra are plotted with 1 Hz line broadening except the inset spectrum of the
water extract (2 Hz).



Solution *'P NMR spectra are shown in Figure 1. Water and NaHCO; extracted readily-
soluble compounds, including phosphate, phospholipids, DNA, and simple phosphate
monoesters, which are mobile in soil and biologically available. In contrast, NaOH and HCI
extracted poorly-soluble compounds, including phytic acid (myo-inositol hexakisphosphate). The
latter is immobile in soil and of limited biological availability.

Based on these results, we developed a simplified two-step fractionation procedure involving
extraction of readily-soluble phosphorus in 0.5 M NaHCO; followed by extraction of stable
phosphorus in a solution containing 0.5 M NaOH and 50 mM EDTA. The revised procedure
separates manure phosphorus into structurally-defined fractions with environmental relevance
and will facilitate research on this important aspect of environmental science. These results are
reported fully elsewhere (Turner and Leytem, 2004). The NaOH-EDTA solution can also be
used as an efficient single-step extractant for manures (Turner, 2004). This has been used to
characterize the phosphorus composition of swine manure few low phytic acid barleys, which
demonstrated that almost all the phytic acid is hydrolyzed within the animal (Leytem et al.,
2004).
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