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RADIOCHEMICAL ANALYSIS OF PHOSPHORUS EXCHANGE REACTION
BETWEEN SEDIMENTS AND WATER

B oK A B* - KdEE R
By Hiroaki FURUMAI and Shinichiro OHGAKI

Adsorption-desorption reactions of phosphorus by lake sediments were studied using

radioisotope **P inorganic phosphate. Exchange rates and amounts of exchangeable P in

sediments were measured in aerobic sediments-water batch systems under different pH

and phosphorus concentration conditions. Exchangeable P ranged from 6% to 43% of the

total P in the sediment without P addition. Increasing pH induced phosphorus desorp-

tion from sediments, The relation between the concentration in water and amount of ex-

changeable P could be explaind by the Langmuir equilibrium model. However, the Lang-

muir rate equation cannot describe the kinetics of whole exchange reactions, Adsorp-

tion-desorption reaction was composed of an exchange reaction and slow reaction. Ex-

change reaction has two phases-very rapid reaction and a Langmuir type reaction.
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Fig.1  Model of phosphorus exchange.
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Table 1 Characteristics of lake sediments.
Water Total-P E
Date content o Ig. loss Temp.
(%) | (meP/e) | (%) ()
Nov. 5°82 76.0 1.51 19.9 17
Feb. 2°83 78.4 1.53 20.0 5
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Fig. 2. Phosphorus fraction profiles or sediments by
depth (collected on August 2, 1983).



206
NaOH HCt
pH
Controller
Vessel
Volume Sampling
500
or 1000m|
25 [T\
~27% L Y

pH 15,6,7,8,9.10
sediments : J g(wet)/100 m/
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Fig.3 Experimental apparatus.
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Fig.4 Phosphorus desorption with time at
different pH values.
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Fig.5 Removal of %P from solution with time at
different pH values,
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Fig.6 Exchangeable phosphorus derived from
sediments at different pH values(C.+X.).
Symbols ! refer to Fig, 2.

Total phosphorus is 1.51 mg-P/g{dry).
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Table 2 Evaluation of adsorbed phosphorus at pH=7.

Initial phosphorus concentration, G
Method
0.2 0.4 0.8 1.0 2.0 4.0 mg/ |
A 0.039 | 0.090 | 0.193 | 0.266 | 0.392 | 0.665
0.139 0.190 0.293 0.366 | 0.492 0.765 | mg/g
C 0.167 | 0.192 0.224 | 0302 | 0.372 0.543

A ! difference between C, and C,
B : adsorbed P before P addition plus
difference between C, and C.

C : method in this paper
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Fig.8 Removal of P from solution with time,
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Fig.7 Phosphorus adsorption

and desorption with time at different initial concentrations.
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Fig.9 Langmuir plots of phosphorus adsorption
at different pH values,
(Dotted lines mean regression except for

data of C,=4.0mg/! experiments)

Table 3 Parameters of Langmuir model,

pH 5 6 7 8 9

b 8.33 2.35 13.0 1.85 4.61 0.46 1.25

X, 0.61 0.75 0.40 0.60 041 0.96 0.29

r 0.98 0.93 0.99 0.96 0.98 0.97 0.97

n 6 7 6% 7 6% 6 6

b : constant related to adsorption energy (I/mg)
Xn : adsorption maximum (mg/g(dry))

7 . correlation coefficient

n : number of data

* I regression except for data of C,=4.0mg// experiments

PH=6, 7B L T XMMBES 4L 0mg/l D F— ¥
(Fig.9 £ Co=2.5mg/If$i) 2BV CEIRS 3 &,
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1 1
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Fig. 10 Regression curve of phosphorus adsorption
isotherms by Langmuir model.
(Dotted lines mean regression except for
data of Co=4.0 mg// experiments)
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FRT-FIEOVWT*C, 2547, BBHMEICHL
TIn(**C—*C./*Co—*C.) % T Uy b4 5 & AR EZ
OEELVEEER b, LERDBIENTESD, L
2L, BFRDS AT VBENERTHLEREL
125, BREICIEYP AT ) VBB RS AII TR D
PRMERZ S LRI TOEERNE LT, TabS
*C ORGE(IL, HBRKIGIZ & 288 5 ERA~DE
TE) VREOR R h BRI TcEDbEN S A
BEEANOBITOME 2 EAECEDORSE., 20OW5
R B RISICH ARG IERICHEH O 120, FIEDOR
ISEBHEEZX T, HERITAT-1.

£, 0HXhLEIMERNENIBR<BELLTIO
B Mg & P ABRE 5~6 BEERBKOFAZA
DV VREOEL HBERELL TR 2. KIZ, BB
Depm DHE TP ABLDOD L0075 1) VBB E
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FBEIZHMS T 5 P @ cpm (3K ISIC B 5w,
ANCHIIZBITL TV A &# 2, SEAKEToOBERM
@ cpm 2 5BITH RO cpm & BWKGICBIST B
B[O cpm EEZ 2. COBEZRORES (Co=
2.0mg/l) % Fig. 11 IZ/RL 2. R&0 1B cREK
MM FEISEL TWVWAH ZENEQIE-E D LTL 5.
TRE % *C. & LT (9) 2@ LT 7oy b
Eirote b O ER (pH=7, C.=0.43mg/) #
Fig.12 T % 5. t=0 CHE 1.0 (*C=*C,) %285
LA, 0.5 RRISIZITERTH B, 2F 0, BIRE
RESR SISO 0.5 FLINO B8z KIS & £ D% 1 BER
BEFTCOBERIELIRIED2O0H45ZE8bhb.
HIHAD & s KUtid, Pomeroy® 55 U T 0 5 48,
W15 WL TFORE S 504, Gunatilaka”D7R U 12
IHEEORIGICHELTWSEEZEZ SRS, ZORG
WKonTE, Zh oYy 7Yy 7B 452
EFTELOROREBREBFCELO. 0.5DFT
ORWMBORLEBIINT HHEREZE pH THET S
&, FIgQ I3 Iimansd &30, FEEE 1 mg/lLIRO
HEICBWOTIE pH=5~8 TId 20~50 % HHHA 0.5 5

I

\
\gOSF\\B\EﬁQ&:
&)

*

Co= 2 mg/

0 1 2 3 4
Time , [hours]

Fig. 11

Removal of %P from solution with time.

pPH=7 Ce= .43 mg
0*Coo="C 1=7nr
0.5

*C ‘*Coo
*Co~"Co

\k 1 1
0 .5 1
Time , {hours]

Fig.12 Estimation of rate constants according
to equation { 9).

oK - oKiE
1
L . A A
>2 A , o

‘*\E0.5>lO ,K;S.—-;‘D-D“ o . DQH
i i"g‘ : 5 8
X for a g
* o 5

0 " 2 3

Ce . [MgA]

Fig.13 Phosphorus exchanged by first rapid reaction
within 0, 5 min,

TR B EpbY A, UL, pH=9 Ti160 %Ll
EEEBWEEZRLE. Zhid, Gunatilaka % Kou &
Lotse®™ 5 588 U T WA RBEA N ¥ 7 A ~DRE & B
HLTWAEEZEZLND., LIt -, pH=9 T3 Ca
DILEY~DREDRNBERICHEBE L f2128, 2%
BEOKBI PO EEZ LN 5.
RIC, 0.5 70U 1 R & CORIGHEIZ DWW T,
Fig. 12 IZ/Ra N &HICEHICES 2o, Langmuir B
HEXAZEALUEROEZ EIZBONI b, Xa D
ki ky Rz, 2 DR % Table 4 (IR 7.

pH=8, 9 CHHI) v IBENR L LK EREDL kI
FCEZRLTHAEH, pH=5~7 1Y vBENEO
FBEILEGEWVETH Y, 2REHATH - HEER
ERDBIENTE o1, EROMHEcHAIZNS
Y VIBEREE T, k5~ 101/hiEETHB.
1FELBED Y 3200 5 REGIC DWW T, Fig. 8ich
BOhWTOVB L ICRBRIGKRTHERD, Y UVyBERD L
B CHm < P S L o2 s, Zhig, Fig 1
WRUE T2 THE G T NHADKIE TS
BEEZONS. KERFHHHPIIEVLT, ZTORIG
HEE FEOTRRIGEED 2 % LITICHESLTEY
EHIGBEORIGTH B, £z, TORITHEMSES LTI,

Table 4 Rate constant of Langmuir rate equation k, [I/h]

Initial phosphorus concentration, C,
pH 0.2 0.4 038 10 2.0 4.0 mg/ !
5 9.13 8.54 14.1 21.7 81.6 68.7
6 5.96 457 6.53 6.96 12.4 20.3
6! 9.93 7.91 16.1 19.7 49.9 —
7 4.91 4.99 7.55 6.03 917 | 215 1/h
7 6.23 7.07 12.3 10.0 18.2 —
8 4.27 6.06 5.71 | 4.73% 5.95 4.73
9 2.56 8.09 10.0 7.15%2 10.7 10.0%3
*1; regression except for data of C,=4.0 mg/! experiments

*2:Colisnot 1.0 but 1.2 mg/!
*3; C,1s not 4.0 but 3.67 mg/!

k. is calculated according to equation b=k./k.(refer to Table 3)
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