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Table I  The distribution of sampling sites and water quality

Fes RN AL EEUKE P S
HE
DIP/ DTP/  Ca/ ORP/ K/
G5 K A P i
mg-L” mgl” mglL mv  uscm

HI ~ 110°5" 38°3" 0.007 0.021 57.22 838 174.1 883
H2 110°4" 37°2" 0.012 0.016 5872 840 167.8 916
H3  110°5" 34°4" 0.005 0.024 59.76 836 129.8 1004
H4 110°3" 36°1" 0.060 0.074 6232 835 1658 957
H5 110°2" 34°4" 0.011 0.034 77.82 834 136.7 1099
H6  111°1" 34°5" 0.006 0.020 82.59 828 1657 898
H7 113°4" 34°5" 0.022 0.036 7535 820 1612 793
H8 113°4" 34°5" 0.009 0.013 7591 821 161.1 851
H9 116°" 36°4" 0.020 0.020 7493 830 1585 857
HI10 119°1" 37°4" 0.008 0.021 310.63 8.00 192.3 40568

1.2 HROWHHE

EAOK R PREME : F YSI-556 UK EAL
M2 pH ., EALE AL (ORP) S 32, K
FEFT 0.45 um BEERLFZESEMELUE ST, R BBRE T
R BT / EE R I i K I R 2S5 B DTP )
5% mATCHE (DIP) WRE, H ICP-AES JilEK
REEsE, BARZE ST 1%,

BEETIE: M5 A RRIEEEA T H (20080404MS0602); P52 VA X B Z 2Rl 25 RBFFE I H (NJ10044); 55 AVARAA T &4 H
TEEE: FRRWN(1971 44), Zo, #fz, B, FEUR RSk, E-mail: hxxwangxiaoli@163.com

R BEHEA: 2011-05-04



FEHERTSE: S PR ER)Z DO A S L 905
RSk RIVERRMAREINIAZ 512 ¥, HCI-P 2T P8 PRI oy, 38 W BA

HESL T & S SMT 43 8507 kM %0 el 1 5
FhIEZS, B NaOH-P(Fe/Al 454 25#), HCI-P(Ca 45
G, IPCUHLE), OP(A HLEE) A1k HCI-P(EE).
T IEMER LT, AR ABERM E AR ST, I
{EZ B FT LIAHEAG S, FEAR R SR IR0 TR
— BT

EPE Fe G AL & & JGPE Fe AEME AL &
MR R B R EA H, ICP-AES Ml

DU B FF R 5256 . 76 SOmL 3R LI
LA, A 0.200 g TLEWIFESL, FIMAMKE SN
0.6 mg-L™" Ay, BT M 0.5 gL 'NaCl /) %
W 40 mL. 3] pH {0 8.30+0.05, fEIRIRY, f#
TURI 503 WS . AR B0 1 SE g 45 5, 50 h AT
KB B, BOH B0, BOIRR R LT,
P 0.5 gL 'NaCl [ R IR I , 784048 5 min
JaBOFE RIS, VABREMBUK 8. ek
=W, SRJEH SMT e AR+ i NaOH-P &
1 HCL-P &4,

DL 5256 T R LY AR Eh BRI il i,
25 Al . T BRI EE B, YRR
A5 3 ASPA TEEE, B FH BN MR TR 2E<5% .
2 HHRMTHE
21 ENRYMARFSBENS 5
2.1.1 Fe/Al &4-5%: (NaOH-P ) #» Ca 455k
(HCl-P)

SMT #4355 Hi ) NaOH-P Bl Fe/Al 454 755,
FE RS E Y ERRE A E S AR S
[EMDEE A TIRYIH NaOH-P 195 =524
DEBAE R AGE AR R, HoR IR 32 22 i B5 KR T
473 Y & A N ATTR) S/ 08 A )
NaOH-P 7] LASz et IX Sl Qe R . b4, H
TUUE R AL B S HL AT B 52 A1 S 44 59 TP
I E Fe (MM ASFIEZR, SEMsZms] Fe Xt P &
SEBAH, FFLA NaOH-P J& TR Fh 325 (036 P
5y, XU -K A s TE IR E EEATER .

HCI-P B Ca 45650, FEOREEME A
AR G H AR A, DA P BEIR S

20 NaOH-P

18
16
14
12
10

8

wit/ (mgekg')

o e o

H1 H2 H3 H4 H5 H6 H7 H8 HY9 HIO

R A R PR

R TR TR A NaOH-P A1 HCI-P 5 i
WK 2 Fi, VAW NaOH-P & &7 4.2~16.7
mg-kg”, AT HE R AKARTTRY), s
JE B! KT AR R R R AN, R
1~2 MR . T NaOH-P & 515 YL A %,
FrLARTIA , S RS i s YL AN Y

W UL Y P HCIP 5 5 9E L AE
38.7~51.8 mgkg!, HAMTTRMIAY HCI-P & HAIK,
XA B S5 AN T EREE R LA AR TR IE RS )
WA Ko MR HCL-P & 510
o SRR A A 43 HE BUE BT 11 (HO) AR (H2)
212 RAEEIP). A HEEOP)F= &5k (TP)

SMT 1 IP 2 NaOH-P 5 HCI-P ZF1, TP N
P 5 OP 2 Fil, BRI S B A I 5 S AR X Al
R 5 S5 R BE R I A A G, Xt ARBLHE SMT
R . EE S SRAR S TR TP, OP il TP
T LA 2,

—— (P —&— P ——TP
140

o m/
100
80
60 .—/—-———‘\'/'/\.\._/
40 \’_'/\/‘\\/

20
0

wi/ (ngekg )

H1 H2 H3 H4 H5 H6 H7 H8 H9 H10

PR ivs

2 EAERFESRY P, OP TP HEE
Fig.2 Distribution of IP, OP and TP in the sediments alng
the Yellow River

I 2 ATRLEH, EEnUiEW T TP B AR
FEITE 52.4~80.0 mg kg™, OP 15 i I 7E 28.4~48.2
mg-kg", TP MY ELFITE 85.0~128. 2 mg-kg", TP
A FEAZ TP 2. OP M IR T IP, X 585y
U s B I A LB A 50, TP A
S5 PR A I 5t i 40 ) e BT A 1T (H4) R0 T 1R 1
(H10), OP & it it pe fF s Al ee 5 s, 20301 o BRLAE ]
1 (HO) R I (H10), TP & fb e S A

60 HCI-P
50

Ten 40

#

2 30

~ 20

HI H2 H3 H4 H5 H6 H7 H8 H9 HIO
KT

B 1 EAERERTLRY NaOH-P #1 HCI-P EE
Fig. 1 Distribution of NaOH-P in the sediments along the Yellow River



906

AERIEEAIR 5B 20 BEE S (2011 45 A1)

JA3 0 H B AT T (HA) R (H10) . F IR 2 38
AILUEH, TP Fl OP (1) & A A A Al I a3

—Bekeidd, AR AT AR )2 - g R
ToUsE, FK R AP, BT LI A %
T B IX 3, M RAR A () 3 A L 75 2
, JOHLBE SRR, B, BT TR i
AR A OP #55, 1P 8:%; X HIBR /D AYERL
FE, THOUAH, BrLARNRITRY) IP 1 OP & s
BUAH R ke
213 BAR A b XA L)

J TET EMA BB IR SIS
BRI R, HE 3 KBRS RFE S AR A
& TP B L]

3 AIAL, BT H NaOH-P, HCI-P
F1 OP 4351 5 TP 14 4.2%~14.8%, 32.9%~52.8%,
27.0%~43.1%, HHA 1P 5 TP 5 &1 53.1%~70.0%.
£ IP H, HCI-P BREEES, & IP &M
51.2%~85.2% , NaOH-P & B &K, & IP fy
6.8%~21.1%. FEVIEIH HCI-P 285 PE R wid
4, NaOH-P Fil OP 2 HA B 1wk, T

W NaOH-P O HCI-P @ OP

100%
80%
60%
40%

B IEAS W LAl

20%
0%

3 EBNNRMEHEBSNES L
Fig. 3 Proportion of various forms of phosphorus in

the sediments along the Yellow River

FURYI T NaOH-P H1 OP & B AE# 4%, Frd
BT 0] KRB T AN K
2.2 NaOH-P £E5iFHk. SBHIXE

NaOH-P JEUUEW 2 TG PERE AL 2, XL
TR -k B B OB IR 5 B4 RN, BT LA
I+ NaOH-P R fER KRN —FBIES . X
KRBT AL 2 2 P2 T LR R, TR
¥ NaOH-P 11 & & AR TTRWIIR 1~2 N ECR D
BribZ 4h, HIGVEZS Fe Al Al &R EIK 1~2 4>
g, [N NaOH-P J& Fe/Al 454850, nILLE
M, NaOH-P #£555BR T 585 YA 48, ST
YIRS PEDS Fe Al AL VA BV R FR . BT
PG PEZS Fe 1 AL Er N 4 R,

Xt #E I LA Y b NaOH-P & 12 F ik ME 2
(Fe+ A& i — ook mIE s, WL 5. TEPERS
Fe. Al 1) (KE) EALPH) 12NN IE TSR

—— E A Fe —s— iEMEAAL

HJ/&\///\va_ka

H1 H2 H3 H4 HS5 H6 H7 H8 H9 HIO

w/ (mgegh

=R S

B4 FWnRYEESSHENEE
Fig. 4 Distribution of active Fe and Al in the sediments along

the Yellow River

16 y =3.6375x -3.3661 R .
14 R?=0.6356

-1

WFCQC[‘LWMM[/ (mg-g )
—_
o

Wgonp/ (mgkgh

5 EMLAYH NaOH-P 5iF S (FetA) & BRI L AS 17
Fig. 5 Regression analysis between NaOH-Pand active (Fe+Al)

in the sediments

YR g P BRI e R,
FH R SR VA RIS 2 TG HEAS Feo ALXS P 7EULT
TRy 1 AW B A S AR PR RE R AR A
HEENEA.
3 it

WEM P NIHRZILEY S+ TP & EE
85.0~128.2 mgkg', IP (& T FEITE 52.4~80.0
mg-kg', OP By G ETE 28.4~482 mgkg'. IP
di TP 19 53.1%~68.9%, #& TP [WEZIEE. OP [
TP 1) 27.0%~43.1%. IP 1 OP [ & s AR LA A 1)
wag, YUY TP 434 T8 1P il .

Q)EH R IERZUIRY Y NaOH-P &
i%, YK 5.9~16.7 mg-kg”, 4 IP 1Y 6.8%~21.1%,
5 TP ) 4.2%~14.8%., NaOH-P &+ 55 [X I 75 Yt
ARBL . IETES Fe il Al iU Xt PR B 45 1F
A KR, HCL-P & BEUFTE 38.7~51.8 mgkg',
di 1P [ 51.6%~85.2%, 1 TP [1) 32.9%~52.8%. IP
1 HCI-P Z [A] IEAH K

Q)R I ERZ DI NaOH-P 5151
DFetA)EFRA L EMIEM KR, RPEMES
Fe Al XJ P ZEUTURRY) b W B LA S IEAR % P4
R R E HEER .

(DB ) KRR v AR,
AN TR] M B BT AR R A5 AP R S B S 0 AR b
0L, AT LAFE /R H— 2 B R R BE 5 B



FBEASE: B PN iR R DU A A AR

907

S Hk

(1]

(2]

(31

(3]

(6]

(7]

(8]

(9]

(10]

RUBAN V, BRIGAULT 8. External phosphorus load estimates and
P-budget for the hydroelectric reservoir of Bort-Les-orgues, France[J].
Water, Air and Soil Pollution, 2000, 119: 91-103.

PAN G, KROM M. D., HERUT B. Adsorption-desorption of
phorsphate on airborne dust and riverborne particulates in East
Mediterranean Seawater[J]. Environmental Science Technology, 2002,
36(16): 3519-3524.

FALKOWSKI P, SCHOLES R. J., BOYLE E., et al. The global
carbon cycle: A test of our knowledge of earth as a system[J]. Science,
2000, 290: 291-296.

ZHOU Ai-min, TONG Hong-xiao. WANG Dong-sheng. Phosphorus
adsorption on natural sediments: Modeling and effects of pH and
sediment composition[J]. Water Research, 2005, 39: 1245-1254.
MCDOWELL R., SHARPLEY A., WITHERS P. Indicator to predict
the movement of phosphorus from soil to subsurface flow[J].
Environmental Science Technology, 2002, 36(7): 1505-1509.
RUTTENBURG K. Development of a sequential extraction method
for different forms of P in marine sediments[J]. Limnology and
Oceanography, 1992, 37: 1460-1482.

ST, T TICER Y Bl Y 45 GRS SRR BR Ak 2 ().
Flegisdf, 1993, 38 (13): 1993, 1219-1222.

WENG Huanxin. Combination form of phosphorus in river sediment
and the environmental geochemical implication[J]. Chinese Science
Bulletin, 38(13):1219-1222.

FYTIANOS K., KOTZAKIOTI A. Sequential fractionation of
phosphorus in lake sediments of Northern Greece[J]. Evironmental
Monitoring and Assessment, 2005, 100(1-3): 191-200.

ZHU Guangwei, QIN Bogqiang. Geochemcal forms of phosphorus in
sediments of three large, shallow lakes of China[J]. Pedosphere, 16(6):
726-734.

FRANKOWSKI L., BOLALEK J., SZOSTEK A. Phosphorus in
bottom sediments of Pomeranian Bay (Southern Baltic-Poland)[J].
Estuarine coastal and Shelf Science, 2002, 54(6): 1027-1038.

[11] KATSAOUNOS, C. Z., GIOKAS D. L., LEONARDOS 1. D, et al.

[12]

[13]

Speciation of phosphorus fractionation in river sediments by
explanatory data analysis[J]. Water Research, 2007, 25(6): 408-418.
SRR, MR NS X R TS B R AR ], NS
WEREEAA, 2004, 16(1): 16-17.

GUO Yuhua, YE Junfeng. The tentative ides on prevention and control
of regional pollution in Hetao irrigation area of Inner Mongolia[J].
Inner Mongolia Environmental Protection, 2004, 16(1): 16-17.
XWT . BRI K L OB AR R [T AR, 1996, 7: 5-9.
LIU Wanquan. The scientific system of soil and water conservation in
the Yellow River Basin[J]. Yellow River, 1996, 7: 5-9.

[14] RUBAN V., LOPEZ-SANCHEZ J. F., PARDO P,, et al. Harmonized

[15]

[16]

[17]

(18]

[19]

[20]

protocol and certified reference material for the determination of
extractable contents of phosphorus in freshwater sediments-A
synthesis of recent works[J].
Chemistry, 2001, 370: 224-228.
FOENE, T, EAE P EEAKE BRSO AES
HOMBFFR AT HAFLE, 18(3): 199-206.

HUANG Qinghui, WANG Lei, WANG Zi-jian. Advance in the study
on phosphorus speciation, transformation and its potential ecological
effects in Chinese lakes[J]. Journal of Lake Sciences, 2006, 18(3):
199-206.

PHILLIPS E. J. P., LOVLEY D. R., Determination of Fe(III) and Fe(1I)
in oxalate extracts of sediment[J]. Soil Science Society of America
Journal, 1987, 51: 938-941.

RUBAN V., BRIGAULT S., DEMARE D., et al. An investigation of
the origin and mobility of phosphorus in freshwater sediments from
Bortles-Orgues Reservoir, France[J].
Monitoring, 1999a, 1: 403-407.
W, EBERE, SARML GRS SR X TR R BE S
M ATRRIED]. ROLIREREEHR, 2007, 26(4): 1207-1213.
ZHANG Tingxi, WANG Xiaorong, JIN Xiang-can. Distribution of
phosphorus fraction in the sediments from different regions of Lake
Taihu[J].Journal of Agro-Environment Science,2007,26(4):1207-1213.
T, A, AR, S AR RIS R A B i I
)43 TSR 2EB5E, 2007, 20(2): 78-83.

GUO Jianning, LU Shaoyong, JIN Xiangcan, Vertical
distribution of various forms of phosphorus in the sediments of Fubao
Gulf, Dianchi Lake[J]. Research of Environmental Science, 2007,
20(2): 78-83.

Wiiie, sk, T, S5 XTEJRVA PSR VA AR R R i e
PEMRFTE—RFE BTRK 1Y COD AN REELSE R BUHS YRIRBL ). BF
BBk, 2004, 24(1): 1-5.

CHEN Jingsheng, ZHANG Yu, YU Tao, et al. A study on dissolution
and biodegration of organic matter in sediments from the Yellow
River[J]. Acta Scientiae Circumstantiae, 2004, 24(1): 1-5.

Fresenius Journal of Analytical

Journal of Environmental

et al.

[21] RUBAN V., BRIGAULT S., DEMARE D. et al. An investigation of the

[22]

[23]

origin and mobility of phosphorus in fresh water sediments from
Bortles-Orgues Reservoir, France[J].
Monitoring, 1999a, 1: 403-407.
JRZR. AR IRERBE R IR -/K B W 5 432 [D). b
e R EBREABAE SIS PG, 35

ZHOU Aimin. Phosphorus adsorption and parttioning on natural
interface[D].
Eco-Environmental Sciences, Chinese Academy of Sciences, 35.
HELEEN D L, LUKLEMA L, COENRAATS M. Iron content of
sediment and phosphate adsorption properties[J]. Hydrobiologia, 1993,
253:311-317.

Journal of Environmental

sediment-water Beijing: Research  Center for

Character of Phosphorus forms in Surface Sediments from Middle and Lower

Reaches of Yellow River

WANG Xiaoli, ZHANG Likun
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Abstract: Phosphorus forms in the surface sediments from 10 representative sites along the middle and lower reaches of Yellow

River were investigated using the Standard Measurement and Test (SMT) procedure of phosphorus forms in freshwater sediments.

The concentration of Total Phosphorus (TP) in the sediments ranged from 85.0 mg-kg™' to 128.2 mg-kg™. The Inorganic Phosphorus

(IP) concentration ranged from 52.4 mg-k g™ to 80.0 mg-kg™'. The Organic Phosphorus (OP) concentration was 28.4 ~48.2 mg-kg™.

The P fractional composition showed that the sediments were dominated by IP and the P associated with Ca (HCI-P) was the major

part of IP. The linear relationship between the NaOH-P and the sum of active Fe and Al was observed within the ten sediments. The

potential of phosphorus release from Yellow River sediments to water bodies was not significant.

Key words: Yellow River; sediment; phosphorus forms; SMT
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