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Forms and Bioavailability of Phosphorus in Surface Sediments from the Upper Reaches of the Yellow River

LI Bei—gang, LIU Pei—yi

(College of Chemistry & Environment Science, Inner Mongolia Normal University, Hohhot 010022, China)

Abstract:Form distribution and bioavailability of phosphorus (P) in natural waters are affecting the primary productivity and nourish—
ment equilibrium of the waters directly. Seven forms of P were separated and analyzed by using the seven—step sequential extraction method
in different sediments from the upper reaches of the Yellow River. Distribution characteristics and bioavailability of P forms in sediments and
impact on the trophic status of the natural water column were discussed. The results indicated that seven forms of P in sediments were ex—
changeable+loosely—bound P(Ex-P), aluminum-bound P(Al-P), iron—bound P(Fe-P), obstinate—bound P(Obs—P), authigenic + biogenic
apatite +calcium carbonate—bound P(Ca—P ), detrital apatite + other remaining inorganic P(De-P) and organic P(OP). In all samples with
different particle sizes, contents of De—P and Ca—P ranged from 139.08 mg-kg™ to 482.89 mg-kg™ and from 40.30 mg-kg™ to 125.55 mg-kg™,
respectively, both of them occupied about 87% of TP(the sum of all seven form P), which were the major components of sediment P and inor—
ganic P (IP); content ranges of OP were 6.14~36.74 mg-kg™ and the mean was 4% of TP; Contents of Ex—P,Fe—P, Al-P were all lower and
that of Obs—P was the lowest, their mean were 7.53, 25.85, 5.05 mg-kg™ and 0.64 mg-kg™, respectively, and 9% of TP, The content distri—
bution of various form P in studied sediments correlated with the grain size and the sampling sites directly. Ex—P, AlI-P,Fe—P,OP and part of
Ca-P, acting as the bioavailable P(BP), accounted for 5.91%~30.17% of TP at least. Based on the quantity of paticulates transported from
the Yellow River to the Bohai Sea and the above results, the amount of potential BP was estimated approximately 32.1~89.2 thousand ton.
Keywords: The Yellow River; sediments; phosphorus forms; bioavailable phosphorus
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Figure 1 Distribution of TP content in sediments
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Figure 2 Distribution of IP content in sediments
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Figure 3 Distribution of OP content in sediments
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Table 1 Analytical results of various form P and the ratio to TP in sediments of the Yellow River

RS R Ex-P Al-P Obs-P Ca-P De-P
w R/% w R/% w R/% w R/% w R/% w R/%
Y1 0.149~0.074 9.83 2.99 26.97 8.21 10.62 3.23 0.08 0.02 43.60 13.28 208.02 63.36
0.074~0.061  10.15 3.36 26.33 8.71 11.14 3.68 0.10 0.03 41.56 13.74 183.62 60.71
<0.061 11.86 2.82 34.77 8.28 9.47 2.26 0.11 0.03 49.27 11.74 281.08 66.97
Y2 0.149~0.074 597 1.85 18.77 5.83 4.81 1.49 0.29 0.09 47.53 14.77 233.11 7242
0.074~0.061  7.08 2.25 19.56 6.21 4.05 1.28 1.00 0.32 42.51 13.49 240.93 76.46
<0.061 8.17 2.12 20.74 5.39 3.93 1.02 0.77 0.20 40.30 10.48 295.04 76.75
Y3 0.149~0.074 4.52 1.29 21.41 6.12 4.00 1.14 0.32 0.09 113.85 32.56 197.24 56.40
0.074~0.061  6.53 1.37 23.19 4.85 3.48 0.73 0.28 0.06 111.11 23.26 338.63 70.88
<0.061 5.97 0.90 29.42 443 3.56 0.54 0.22 0.03 125.55 18.89  482.89 72.66
Y4 0.149~0.074  6.07 2.28 20.08 7.56 2.67 1.00 0.38 0.14 83.54 3145 139.08 52.36
0.074~0.061  6.57 1.72 19.67 5.14 222 0.58 0.67 0.18 91.96 24.03 245.03 64.03
<0.061 6.23 1.04 21.66 3.61 2.29 0.38 0.67 0.11 118.58 19.75 434.23 72.31
Y5 0.149~0.074 4.19 1.56 18.67 6.95 3.13 1.16 111 0.41 93.92 34.95 141.56 52.68
0.074~0.061  4.13 1.06 17.56 3.86 2.72 0.60 1.14 0.25 104.23 22.94 316.48 69.66
<0.061 4.09 0.68 19.97 3.33 2.86 0.48 1.70 0.28 104.96 1748 45812 7632
Y6 0.149~0.074  4.20 1.04 14.74 3.64 5.89 1.45 0.83 0.20 76.27 18.83 282.36 69.74
0.074~0.061  4.02 1.45 16.07 5.81 6.35 2.30 1.04 0.38 73.38 26.52 158.99 57.47
<0.061 8.21 1.75 21.07 4.50 5.46 1.17 1.07 0.23 79.52 16.99 33244  71.04
Y7 0.149~0.074  6.57 2.26 12.35 425 6.67 2.30 1.32 0.45 77.28 26.61 178.94 61.62
0.074~0.061  7.49 2.30 18.85 5.79 737 2.26 0.97 0.30 78.82 24.21 202.71 62.27
<0.061 8.29 1.64 21.09 4.17 5.68 1.12 1.25 0.25 86.17 17.04 372.70 73.71
Y8 0.149~0.074  9.58 2.04 31.14 6.64 2.40 0.51 0.26 0.06 71.06 15.14 340.25 72.52
0.074~0.061  9.62 2.16 33.46 7.50 2.46 0.55 0.11 0.02 71.03 15.93 307.45 68.94
<0.061 9.21 1.64 32.05 572 2.07 0.37 0.51 0.09 71.45 12.76 375.17 66.98
Y9 0.149~0.074 1145 2.55 26.97 6.02 2.57 0.57 0.15 0.03 61.04 13.62 333.53 74.40
0.074~0.061  11.65 2.77 28.63 6.80 2.78 0.66 0.90 0.21 69.20 16.44 297.28 70.63
<0.061 11.13 2.38 28.06 6.00 2.95 0.63 1.00 0.21 67.15 14.38 347.64 74.42
Y10 0.149~0.074 644 1.98 49.54 15.21 5.30 1.63 0.40 0.12 71.00 21.80 183.88 56.45
0.074~0.061  6.71 2.15 49.60 15.89 5.50 1.76 0.82 0.26 77.97 24.98 161.95 51.88
<0.061 7.65 1.46 50.84 9.73 5.51 1.05 0.83 0.16 92.81 17.77 350.70 67.15
Y11 0.149~0.074 7.76 1.59 24.72 5.06 8.53 1.75 0.40 0.08 68.93 14.11 348.03 71.27
0.074~0.061  8.75 2.36 30.06 8.11 10.08 2.72 0.61 0.16 55.97 1510 22848 61.64
<0.061 8.28 1.58 24.97 471 8.20 1.57 1.19 0.23 81.84 15.63 375.51 71.73
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Table 2 The correlation coefficient between various form P and grain sizes in sediments of the Yellow River

SRR Ex-P Al-P Fe-P Obs—P Ca-P De-P oP
Y1 0.864 0 0.688 3 0.449 5 0.138 3 0.502 6 0.518 9 0.815 8
Y2 1.000 0 0.987 5 0.853 1 0.449 9 0.951 8 0.843 1 0.784 7
Y3 0.485 6 0.906 2 0.6151 0.993 0 0.582 0 1.000 0 0.942 6
Y4 0.107 2 0.564 2 0.6150 0.750 8 0917 4 0.974 2 0.824 0
Y5 0.987 5 0.291 6 0.416 0 0.783 3 0.799 5 0.996 3 0.895 6
Y6 0.716 3 0.899 8 0.236 4 0.840 4 0.249 1 0.078 7 0.014 6
Y7 0.998 6 0.926 8 0.344 6 0.035 4 0.8755 0.840 5 0.973 3
Y8 0.677 2 0.150 9 0.629 0 0.377 1 0.684 9 0.265 8 0.395 7
Y9 0.379 0 0419 5 0.995 9 0.8352 0.517 7 0.073 8 0.976 6
Y10 0.904 4 0.780 2 0.798 4 0.775 2 0.958 4 0.652 9 0.823 3
Y11 0.273 0 0.001 8 0.026 9 0.930 9 0.248 8 0.030 9 0.238 5
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Figure 4 Contents of bioavailable P in sediments with different grain sizes
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