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Physical-Chemical Characteristics and Phosphorus Speciation of the Sediments in

the Upper and Middle Reaches of the Yellow River
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Abstract: The physical and chemical characteristics, various phosphorus forms from 10 sites in Yellow River’s sediments were analyzed, and
their relations were discussed. The results showed that, the values of total phosphorus, organic matter and active Fe, Al are 97.86-129.33
mgekg™'» 0.11%-1.96%, 2.02-7.40 mg*g™'» 0.29-0.90 mg*g™', respectively. The main mineral compositions of the sediments are
quartz and albite; the main clay minerals are montmorillonate, illite, chlorite and kaolinite. Inorganic-P is the main form of phosphorus
speciation. Ca-P is 37.61-64.04 mg*kg™' and is the main form of IP. The cation exchange capacity was linearly correlated with the sum of
clay and silt CR* =0.76). Also, the organic matter was linearly correlated with inorganic sedimentary phosphorus ( R* = 0.66). Moreover,
the linear relationship between the sum of NaOH-P and BD-P and the sum of active Fe and active Al content was observed within the ten
sediments investigated ( R* = 0.80).
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Table 1 Distribution of sampling sites and physical and chemical properties of the sediments
T PR ISEVAC DU ER AL 1 ) SRR B S5 A
T K& b CEC/emolkg™!  LOIGdw)/% SBANFY% R/ gt RAfRm BR% WK% WKL %
Y1 398°10"  34°53’ 119.56 8.92 1.96 0.569 36.18 13.12 71.65 15.23
Y2  100°10"  35°30' 109.76 7.38 1.07 0.461 42.09 11.26 69.98 18.76
Y3 10124’ 36°02’ 120.78 3.65 0.14 0.318 55.14 14.78 71.66 13.56
Y4 103°39"  36°07’ 125.35 4.81 0.11 0.334 55.51 12.46 72.16 15.38
Y5  105°03" 3727 124.89 5.42 0.58 0.295 53.40 15.31 71.36 13.33
Y6  106°47"  39°14’ 123.09 5.26 0.36 0.558 25.90 13.78 73.44 12.78
Y7  106°47"  39°41' 101.72 4.57 0.23 0.376 33.27 6.90 72.95 20.15
Y8  107°25" 40044’ 148.29 6.38 0.39 0.500 26.40 11.44 76.78 11.77
Y9  108°37"  40°43’ 111.87 6.10 0.26 0.580 27.90 14.71 67.07 16.83
YI0  109°54"  40°31' 109.90 5.44 0.15 0.481 40.13 10.78 72.05 17.17
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Table 2 Composition of material and claymineral in sediments from the upper and middle reaches of the Yellow River

- 4 R 2R B R % _ E R R AR KB % RE
VEE A RKA Vag Azt MAINA R/ % s I K C 1S/ %
Y1 41.5 1.3 13.5 17.6 0.0 0.9 25.2 58 19 8 15 65
Y2 40.8 1.6 16.2 12.6 0.0 0.9 27.9 58 22 9 11 65
Y3 44.0 4.2 23.3 7.4 2.0 0.4 18.7 60 23 11 6 65
Y4 39.4 3.9 15.0 12.2 5.1 2.1 22.3 59 19 10 12 63
Y5 44.8 6.0 14.0 11.6 5.5 1.7 16.4 55 25 7 13 63
Y6 2.2 3.5 17.2 11.7 4.5 1.0 19.9 57 18 9 16 65
Y7 47.8 2.6 19.2 9.1 1.4 1.6 18.3 56 19 11 14 68
Y8 39.0 5.1 17.4 9.5 3.1 1.6 24.3 53 23 19 5 68
Y9 4.6 4.2 15.2 11.4 3.3 1.4 19.9 58 21 8 13 65
Y10 45.7 3.4 15.7 9.6 3.9 1.7 20.0 55 25 9 11 65
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Table 3 Active Fe and Al in sediments from the upper and middle reaches of the Yellow River/mg*g~

1

iH Y1 Y2 Y3 Y4 Y6 Y7 Y8 Y9 Y10
Fe,. 3.04 7.40 2.02 3.07 3.91 2.45 3.27 3.39 3.01 2.18
Al 0.63 0.90 0.29 0.38 0.55 0.68 0.55 0.51 0.77 0.56

I BUK PORTRCT 5 CaCO, 451 POCIR KR
FREAK K AR b B R A LR AL R L P
MRS P RS B O, B S IO
PRI BEK (1 P AL P& B DA R A 10 A 3R]

DUBRPIFE P NH, CL-P &% & Y5 2 0.96 ~ 4.69
mg kg™, FEIME R 3.03 mgekg™ ' WNPTH LW 10 4
IR X SRR P IS B0 LUE Y, NH, CL-P
TEVURAY)E P AR IAHR & B < 5%, I3 4 PR .
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Table 4 TP and it’s forms of sediments in Yellow River

. NH, CI-P BD-P NaOH-P HCLP oP P P
Imgrkg™' /% fmgrkg™' /% imgtkg™' /% imgrkg™' /% /mgtkg™' /% imgrkg™' /% /mgkg”!
Y1 1.54 1.19 1429  11.05  13.66  10.56  64.04  49.51  35.81  27.69  93.52  72.31 129.33
Y2 0.9 0.82 10.31 8.85  28.70  24.62  49.01  42.03  27.61  23.68  88.98  76.32 116.59
Y3 1.29 1.19 12.60  11.63 7.69 7.05  37.61  34.47  49.83  45.66  59.29  54.34  109.12
Y4 1.68 1.57 9.88 9.23  14.57  13.61  43.53  40.67  37.39  34.90  69.65  65.10 107.04
Ys 4.4 4.27 14.87  13.68  15.46  14.22  45.13  41.52  28.59  26.30  80.10  73.70  108.69
Y6 o 3.8 3.49 11.09  10.14  18.99  17.37  43.92  40.16  31.53  28.84  77.81  71.16 109.34
Y7 2.85 2.15 13.99  10.58  13.03 9.84 4585  34.65  56.62  42.78 7573 57.22  132.35
Y8 4.69 3.98 12.39  10.53  20.11  17.08  46.53  39.53  33.99  28.87  83.73  71.13 117.72
YO 464 3.76 15.94 12,92 1473 11.94  45.18  36.62  42.88  34.76  80.48  65.24 123.36
YIO  4.16 4.25 6.68 6.82  19.14  19.56  39.84  40.71  28.04  28.65  69.82  71.35  97.86

1) mge kg™ RSP FIE B 2, 90 R 7R 2 PR AW IR 35 0 0 W b I b 1R R 202
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PRI I TS P20 24U /K ST b A R AR
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Fig.2 Relationship between IP and OM of sediments in Yellow River

2.3.2 UIBWEPEEL. BD-P. NaOH-P fI% &R

BRSSP B W B A O R A v e e R
(R EBEHLA . ARAT A URA A 0] 8 2 & 1 WO i = 22
JE T H A e 8 T AR 45 kA P i
"o R I A 5 I B R L e R T R B R
TRk B AR 2 St Bk R DT AE I A8 4 AT Wl IR B K B
(Tt , 70 DAAE N B T80 R M 7R DR )8 )25 vh 3
o, 2 AR L RO RV T S A Fe I AL
(I OKED B 12 N K 2 RIR VTR h Wt
(5 S0 B FYSY . BD-P Rl NaOH-P 3 2E 45 & 1 Fe
AL IOREE R b, R g5 G eI
SETEASIEPER 47 L . BD-P A1 NaOH-P % ¥ 5 Al
EEER Fe M AL I OKEDEAY I 1 A2 (A
PR R 3 s,

3 it

(1) WFFTYE B A SRR ) B RS A D -

45
- 40 - y=2.8862x+15.873
% 35| R2=038025
& D
g 30|
= .
m' 25 + Y *
% 20 - XY
+ 15+
R -
A 10
m 5L

0 1 1 1 1

0 2 4 6 8 10
¥ A& (Fet+Al)/mg-g™!

3 BD-P #0 NaOH-P R 5TE MRS Fe 1 Al B9 BRI LR R
Fig.3 Linear regression analysis for (NaOH-P + BD-P)
and active (Fe + ADD

WS 54 97.86 ~ 129.33 mgekg ™', A HL BT A
0.11% ~1.96% » VIR TG VER Fe FI AL 15 550
A 2.02 ~7.40 mgekg ' F10.29 ~0.90 mgkg™ " M
For 28 i LK D G FDORG R A L E 79.85% ~
88.22% s K LA M LA R A1 /SR JE W)k 3, Hk
SERA, gl A M s e s DURRP = EE L)
M Si0,+ Al Oy~ TFe, 0, # CaO.

(2D AEBITAN [R5 BOAR ) 1) BEAR A S5 A7 A1
255 BRI 20 1 LU DR S 32, SORR P T B
B A S UTRR D R R b ke 2 AR —
SE [ IE ARG, 15 B BT O R AT v 4 0RE 3 0, BH 25
A s AH N T vy DORR A6 Bl 1 A8 H8 47 ) 84 0

(3 PURRPIFE M S &8 97.86 ~ 129.33
mg* kg™, B LLIEHLABECIP) o4 =, AL AT
BLIE 53 ) 5 S 1) 54.34% ~ 73.70% 5 16.30% ~
45.66% VURPI PR E AT 8 KN S 45348 >
EEOKEEMDLEE P > FMHIERBURE P
> $945GA POV A VLU 5 JTR Y T 1)
T B LR (R =0.66); HALIE R
U P AR 8 OK BRI S G P & R IR
B PEZS Fe 1AL I OKED A 1 7 7 SR 22 [A]
HREFEMEMEILRCR =0.80), RWIF ] HiiEot
B (1) BD-P Al NaOH-P = ZL 45 57 Fe £ Al [1)
OKEDEA 21 L
S k-

L 1] Filippelli G. Carbon and phosphorus cycling in anoxic sediments of

the Saanich Inlet; British Columbial J1. Marine Geology, 2001,

174: 307-321.

(2] w4 o EEERYI-EK A0 M ], b #

Jfi L, 1997
[ 3] Bostriom B. Potential mobility of phosphorus in different types of lake

sediments[ J]. Int Reue Gesamten Hydrobiologia, 1984, 69(4): 457-
474.



TGN A% SO A R ) B AE SR AF TE S0P

725

[6]

[7]

[8]

[o]

L10]

[11]

[12]

[13]

[14]

SR 40 AR . AT Ak IR TE ML 2> 2 I e 7 vELT ] +
1€, 1990, 22(2): 101-110.

Ruttenburg K C. Development of a sequential extraction method for
different forms of phosphorus in marine sediments [ JJ. Limnol
Oceanogry 1992, 37(7): 1460-1482.

Jugsujinda A, Krairapanona A, Patrick ] R W H. Influence of
extractable irons; aluminum and manganese of P sorption in flooded
acid sulfate soilsLJ]. Biol Fertil Soil, 1995, 20: 118-124.

Jones R I, Shaw P J, Haan H D E. Effects of dissolved humic
substances on the speciation of iron and phosphate at different pH and
ionic strength[ JJ. Environ Sci Technol, 1993, 27: 1052-1059.
Kaiserli As Voutsa D> Samara C. Phosphorus fraction in lake
sediments-Lakes Volvi and Koronia, N. Greece[ J1. Chemosphere,
2002, 46: 1147-1155.

McKeague J A> Day J H. Dithionite- and oxalate extractable Fe and
Al as aids in differentiating various classes of soilsL J]. Can J Soil
Sci» 1996, 46: 13-22.

Zhou A M, Wang D' S, Tang H X. Phosphorus fractionation and bio-
availability in Taihu Lake ( China) sediments [ J1. Journal of
Environmental Sciences, 2005, 17(3): 384-388.

D’ Angelo E M> Reddy K R. Diagenesis of organic matter in a
wetland receiving hypereutrophic lake water: | . Dissolved nutrients
in the soil and water column[ J1. J Environ Qual, 1994, 23(5):
928-936.

Keppler F. Eiden R, Niedan V, et al. Halocarbons produced by
natural oxidation processes during degration of organic matter[ JJ.
Natures 2000, 403: 298-301.

Oliver H, André F L, Gerry L. Loss on ignition as a method for
estimating organic and carbonate content in sediments: reproducibility
and comparability of results[ J1. J of Paleolimnology, 2001, 25: 101-
110.

A B BE A IR AT A RE O M ] At v E R B

[15]

L16]

[17]

18]

L19]

[20]

[21]

[22]

[23]

[24]

[25]

BRE£ L RRAT, 1990. 213-215.

SR, F VA, 2T, 45 ORWI AR AL IR TR ) BEAL RS AIE A
A TEAWEAELT] AL SR B 15 2R 58, 2006, 15(3): 388-394.
Ruban V, Brigault S. Harmonized protocol and certified reference
material for the determination of extractable contents of phosphorus in
freshwater sediments: a synthesis of recent works[ J1. Fresenjus J
Anal Chem, 2001, 3(2): 224-228.

Heleen D L, Lijklema L, Coenraats M. Iron content of sediment and
phosphate adsorption propertiesl J1. Hydrobiologia, 1993, 253: 311-
317.

Brinkman A G. A double-layer model for ion adsorption onto metal
oxidess applied to experimental data and to natural sediments of Lake
Veluwe, The Netherlandsl J1. Hydrobiologia, 1993, 253: 31-45.
Pettersson K. Phosphorus characteristics of settling and suspended
particles in Lake Erken[J]. Sci Total Environ, 2001, 266: 79-86.
Niirnberg G K. Prediction of phosphorus release rates from total and
reductant-soluble phosphorus in anoxic lake sediment J1. Can J Fish
Aquat Sci> 1988, 45: 453-462.

Perkins R G»> Underwook G J C. The potential for phosphorus release
across the sediment-water interface in an eutrophic reservoir dosed
with ferric sulphate[ J1. Water Res»2001,35(6): 1399-1406.

Rydin E. Potentially mobile phosphorus in lake Erken sediment[ J].
Water Research, 2000, 34(7): 2037-2042.

Ting D S, Appan A. General characteristics and fractions of
phosphorus in aquatic sediments of two tropical reservoirs[ J1. Water
Sci Technol, 1996, 34(7/8): 53-59.

Kastelan M' M> Petrovic M. The role of fulvic acids in phosphorus
sorption and release from mineral particles [ J]. Water Science
Technology, 1996, 34(7/8): 259-265.

Pant H K, Reddy K R. Phosphorus sorption characteristics of
estuarine sediments under different redox conditions[ J1. J Environ

Qual, 2001, 30: 1474-1480.





