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Transformation of Phosphorus Forms in Soils with Application of Sewage Sludge by Using Phosphorus-31-
Nuclear Magnetic Resonance Spectroscopy
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Abstract In order to understand the chemical behavior of phosphorus from sewage sludge in soils, the NaOH/EDTA extractant and *'P nu—
clear magnetic resonance spectroscopy *'P—-NMR  were applied to study the change of phosphorus forms in three typical soils after the sewage
sludge application. The results showed that NaOH/EDTA could extract about 54% ~93% of phosphorus from the soils, and the extraction ratio
for phosphorus in acid soils was much higher than that in soils with calcium carbonate. Application of sewage sludge not only increased the
total phosphorus content, but also changed the phosphorus forms. The phosphorus forms in soils were the same as these in sewage sludge. The
change of phosphorus forms in the soils occurred in fourteen days after the sewage sludge application, and then they became stable. The pro—
portion of orthophosphate in total phosphorus increased from 55.41%~58.59% to 82.70%~87.47%, orthophosphate diesters disappeared, the
proportion of orthophosphate monoesters in total phosphorus decreased from 23.80%~28.49% to about 10%, and the proportion of pyrophos—
phates decreased from about 10% to about 1%. The organic phosphorus was easy to transform to inorganic phosphorus quickly after the
sewage sludge application, which was favor to adsorption of phosphorus by soils and its utilization by plants. However, the transformation
could increase the risk of phosphorus to eutrophication of the water body. Therefore, it might be a good idea that small amount of sewage
sludge was applied many times. For various soil properties, clay soils with low pH were in favor of organic phosphorus sequestration.
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m Table 1 Basic properties of the materials studied
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71.3%~90.6%
o 70%~78% 51%
9.02 g-kg 42.28~67.58 g-kg” ~95 % 21517
0.68 g-kg" 2.12~2.46 g-kg" 2 3
3.04 g-kg! 35.46~57.42 g kg
0.56 g-kg" 1.90~2.55 g-kg 549%~76%  60%~82%
6.02 g-kg" 38.33~61.00 g- kg 779%~93%. NaOH-Na,EDTA
021 g-kg" 147~1.74 g-kg™'. pH
6.01 2 82%~97%"" 349%~80%"
pH . 43%~67%", 3
2 2
NaOH/ED-
TA
NaOH o pH Ca =, Ca
NaOH 550 C 2h (2241
o NaOH-Na,EDTA
19l NaOH/EDTA nel,
NaOH EDTA 2.2
L8 Ca-P 1 IP-NMR 1 3
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Table 2 Effect of soil basic properties by sewage sludge application and contrasting the total phosphorus content
pH Ik e 1 !
NaOH NaOH/Na,EDTA
+10% 0 6.33 67.58 2.35 1.49 63
14 d 7.54 56.51 2.12 1.15 54
28 d 7.25 58.26 2.46 1.66 67
56 d 6.68 48.55 241 1.56 65
72.d 6.20 45.82 2.36 1.69 72
112 d 6.31 42.28 2.30 1.74 76
+10% 0 6.87 57.42 1.90 1.23 65
14 d 7.62 48.55 2.03 1.37 68
28 d 7.53 47.08 2.18 1.47 67
56 d 6.97 5225 2.55 1.53 60
72 d 6.58 37.52 2.19 1.79 82
112d 6.46 35.46 2.08 1.57 75
+10% 0 5.46 61.00 1.69 1.36 80
14 d 6.95 42.70 1.47 1.37 93
28 d 6.76 45.23 1.65 1.27 77
56 d 5.47 39.36 1.65 1.42 86
72 d 4.98 40.72 1.74 1.37 79
112.d 4.93 38.33 1.68 1.35 80
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Figure 1 Phosphorus—31 nuclear magnetic resonance spectra for

the tested original samples
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Figure 2 Phosphorus—31 nuclear magnetic resonance spectra for
the dynamic change of phosphorus forms after sewage sludge

application on the three soils
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Figure 3 The dynamic change of the rate of different phosphorus forms for three kinds soils
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Figure 4 Relationship between the organic matter content and the organic phosphorus proportion for three soils
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