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A MODEL OF PHOSPHORUS RELEASE FROM LAKE SEDIMENTS
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Masaaki HOSOMI* and Ryuichi SUDO*

ABSTRACT ; A multi- component dynamic modeél for phosphorus in the bottom sediment- water system
of Lake Kasumigaura, a highly eutrophic and shallow lake, was developed to obtain quantitative infor-
mation on the sediment- water interactions, The model was calibrated and the sensitivity analysis of
the model parameters conducted to 1dentify the deficiency of our knowledge at present and to deter-

mine future research needs. Good agreement between the model calculations and observed data of

phosphorus release flux and phosphorus concentrations in the sediment was noted. The phosphorus

dynamics of the upper layer (0—1 cm) of the sediment seem to regulate the phosphorus transportation
between sediment and water. Further studies on the particulate phosphorus sedimentation flux from

the overlying water to the sediments and the adsorption-desorption of phosphorus between liquid and

solid phases 1n the sediment were found to be necessary from the sensitivity analysis.
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Table 1 Phosporus fractions (mgP/g) in algae and particulate materials ( Suspended Solids)
of lake water

NH,CI-P Al-P Fe-P Ca-P TIP* TIP**  Org-P*»» T-P

Chlorella 2.45 0.13 0.12 0.13  2.83 8. 12 15.6 23.7
CHLORELLA 3.81 0.68 0.16 0.03 4.68 5.43 11.1 16.5
S S(no. D) 0.85 0.21 0.11 0.03 1.20 1.41 2.94 4.35
S S (no.2) 0.39 0.13 0.04 0.03 0.59 0 54 1.73 2.27
Sediments (St. 9) 0.01 0.16 0.35 0.19 0.70 0. 69 0. 56 1.25
Note ;

Chlorella : Cultivated indoors (Chlorella ellipsoidea)

CHLORELLA : National Institute for Enviromental Studies Reference Material Ny 3

S S(mno. 1) :SS taken from Lake Kasumigaura by using plankton nets (NXX 25) in
September of 1984.

S S(no. 2) :SS taken from Lake Kasumigaura by using plankton nets (NXX 25) in
February of 1985.

* Summation of NH,CI-P, Al-P, Fe-P, and Ca-P

#»x 1N HCI extracted phosphorus

= Difference between T-P and TIP**
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Table 2 Amounts of increased phosphorus fractions after phosphorus adsorption
experiments using the sediments of Lake Kasumigaura (St. 9)

NH, Cl-P Al-P Fe-P Ca-P TIP Recovery
(ugP/g) (mgP/g)  (mgP/g)  (mgP/g)  (ugP/g) (%)
Sediment + 10 mg P/1 0.024 0 216 0.117 0 028 0 385 87
Sediment + 20 mgP/1 0. 046 0 317 0 266 0.028 0 657 92
Sediment + 50 mgP/1 0 051 0.637 0. 466 0038 1.192 108
Sediment + 100 mgP/1 0.078 0 937 0.516 0. 037 1. 568 103

Note; The sediment (0.5g) and the solution with various phosphorus concentrations (50ml)were mixed in the
phosphorus adsorption experiments.

TIP: NH,CI-P + Al-P + Fe-P + Ca-P

Recovery: (TIP X 100) / Phosphorus adsorbed onto the sediments.
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Table 4. The differential equations and adjunct equations to define the model of phosphorus release from
lake sediments

(1) PO P concentration 1n the pore water of the i-th layer in the sediment : PO; (mgP/1)

for i=1
gre AP0y _ fu g1-POW _ POi:$1-S; | POy AVy _ PO,- AV, _ DPTi: (+90 - (PO~POW)
I Ty /¥ =r ) iz ira y /A zy?
DPT; - . ;
+ DPT: (2¢}JEZ,‘;)),(PO'_PO‘) + po (1= - GP1—(EAD 1+ NADD - ot g - (1—gp) - DES:
for 122

dPO; _ POji-hu Sy _ PO -4 - S + POy« AVia _ PO, - AVi  DPT, - (gi_1+¢y) - (PO, —PO,.p
dt 4z 4z 4z

é - a7 Z- (42

+

DPT 410 . —
Phe G i) POMTPOD 4 . 1—,) - GP—(EAD,+ NAD) - i + - (1—¢1) - DES,

(2 Organic phosphorus concentration 1n the solid sediment phase of the i-th layer in the sediment : ORGP;(ng P/g)

for i=1
dORGP; _ fw:POPW - $1- Bl | V,- POPW - E1 _ _ORGP;-S; —Gp
dt AZ- -4 ps A2+ (A=¢D - ps 4z !
for i22
dORGP; _ ORGPy ;-Si1-(~pp _ ORGP =S .o
dt AZ 040 - ps 4z !

(3) Exchangeable phasphorus concentration in the solid sediment phase of the i~th layer in the sediment : EXCP;(zgP /g)

for 1=1
d EXCP, _ fea + POPW « 6+ E2 Vp - POPW . E2 - EXCP,- S; +_ﬂ- EAD, _DES
dt AZ-Q—¢)ps A2 -(1—¢D - ps 4z 00 U—pp 1
for iz2
dEXCP, _ EXCR_1: S+ (I—¢p)  EXCP - S + ¢ - EADy —DEs,
dt 47 - (1—¢y) 47 pa* (L—g)
(4) Non-exchangeable phosphorus concentration in the solid sediment phase of the i-th layer in the sediment : NEXP;(mg P/g)
for i=1
dNEXP, _ fy+POPW - ¢, - E3 " Ve POPW -E3 ~ NEXP,: S, + ¢1+ NAD,
dt T AZ-U—¢) s AZ - A—¢) * ps 4z 05+ 1—¢D
for iz2
dNEXP, _ NEXP;_,-S;1+(1~¢-p NEXP, -S; ¢ - NAD;
dt T Az a-¢) 4z s+ (I—¢)
(6) Dissolved oxygen concentration in the pore water of the i-th layer in the sediment : DOy(mg/1)
for i=1
. dDO, _ fes-¢1- DOW  DO,-¢;- S, i DOz« AV; _ DO,- AV,  DOT,- (1+¢) - (DO,—DOW)
P g T AZ- (=g yivi it iz AL
DOT;-: (@1t ¢a) - (DO,—DOY)
+ DOTEEIRSEOTRO0 — - (1-g0) - KDO,
for iz2
. dDO; _ DOir ha-Sia _ DOy gy o § + DOjs1¢ AVin _ DOy« AVy  DOT, - ($1rt 1) - (DO —DO1-1)
T Iz iz 7z Az 2 (42)
DOT;41 0 (gitéi+D) « (D01, —DOy)
+ F+1 ¢i 2?‘622)2 1+1 i —~ps * (1—¢1) . KDO‘

(6) Adjunct equations
1) Decomposition rate of orgamic phosphorus (ORGP;) : GP,
for i=1
GPy = gpu - 57%° - (ORGP —ORGPy)
for i22
GP; =ggpm - 0%°° - (ORGP, —ORGP,,)
2) Phosphorus adsorption rate onto the solid sediment phase
Aerobic (DO <DO,)
Adsorption rate onto exchangeable phosphorus: EAD,
EAD; = ADSO - exp(—4- i) « PO,
Adsorption rate onto non-exchangeable phosphorus : NAD;
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NAD, = ADSN+ PO,
Anaerobic (DO, 2 DO, )
Adsorption rate onto exchangeable phosphorus : EAD;
EAD; =ADSA - exp(—d-i)- POy
Adsorption rate onto non-exchangeable phosphorus : NAD;
NAD; = ADSN + PO,
Phosphorus desorption rate from the solid sediment phase : DES;
Aerobic (DO.<DO;)
DES; = DEO » (EXCP; —EXCP,) - exp{—¢ 1)« 5%
Anaerobic (DO.:2DO,)
DES; = DEA - (EXCP; —EXCP, ) - exp (~¢ + i) - 65
Diffusion coefficient of phosphorus at temperature t : DPT}
DPT, = ¢+ Dpo - (1+a2 +1)
Rate of dissolved oxygen consumption in the sediment : KDO;
KDO; = kpow * 6&nd’

Table 5. Values of parameter used in the model phosphorus release from lake sediments

Parameter Unit Values Found by
1 Porosity in the top laver of the sediment 0 96 M easurements
Poo Porosity in the bottom layer of the sediment 0. 90 Measurements
A Empirical constant to express the vertical 0. 17 Measurements
distribution of porosity
fes Volumetric flux of sedimentation from water m?%m?/d 0. 000001 Estimated value on basis of Asami et al,, Sotocka
to sediment surface et al,,Okano et al., Otsubo et al., and Fukusima et al.
Do Diffusion coefficient of DO m?%d 0. 000052 Estimated value on basis of Revsbech et al.
s Density of solid sediment g/m? 2400000 Measurements
Deo Molecular diffusion coefficient of PO~P m/d 0 000053 Lerman
a Empirical constant 1/°C 0. 04 Lerman
ps0 Decomposition rate in the top layer of the 1/d 0. 02 Calibration 1in the range of measured values
sediment at 30 °C from experiments of decomposition of deposited
materials
£8o% D ecomposition rate below the second layer 1/d 0. 0001 Estimated value from vertical distribution of
of the sediment organic P and sedimentation rate at St. 9
Kpon DO consumption rate in the top layer of the g/g/d 0. 0007 Estimated value on basis of Okada et al., and
top layer of the sedimen at 30 Revsbech
BOep Temperature coefficient 1. 09 Estimated value from experiments of
decomposition of deposited materials
ORGP, Fraction of undecomposable phosphorus gP/g 0. 00035 Measurements
in Org-P
ADSO  Adsorpition rate onto EXC-P 1n aerobic 1/d 2.5 Calibration
condition
ADSA  Adsorpuon rate onto EXC-P in anaerobic 1/d 2.0 Calibration
condition
ADSN  Adsorption rate onto NEX-P 1/d 0.0 Calibration
0 Empirical constant to express the vertical - 0 20 Calibration
distribution of adsoxption
DEO Desorption rate under aerobic condition gP/g/d 0. 0027 Measurements
DEA Desorption rate under anaerobic gP/g/d 0 08 Measurements
condition '
EXCP, Fraction of non-exchangeable phosphorus gP/g 0. 0001 Measurements
in Fe-P
€ Empirical constant to express the vertical 0. 10 Measurements
distribution of desorption
Opeo Temperature coefficient for aerobic 1. 04 Measurements
adsorption rate
(79N Temperature coefficient for anaerobic 1. 09 Measurements
adsorption rate
Hxpo Temperature coefficient for DO consumption 1. 08 Estimated value on basis of Edberg et al.
rate
DOgr DO concentration for determination of g/m? 0. 25 Calibration
aerobic or anaerobic condition
Ve Settling velocity of particulate phosphorus m/d 0 08 Estimated value on basis of Fukusima et al.,
(PP)1n the overlying water Goda et al.,and Matsuoka
El Org-P fraction of PP in the overlying water 07 M easurements
E2 EXC-P fraction of PP in the overlying water 02 Measurements
E3 NEX-P fraction of PP in the overlying water 0.1 Measurements
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Table 6 Sensitivity of annual PO,-P
release flux from lake sediments
response to parameter velues
(The ratios of annual PO,-P
release fluxes estimated from
perturbed and control simula-

tions. 2
Parameter Ratio of perturbed/control simulation

X 1/2 X2

Ve 0 47 2. 07
gpr30 0 83 113
ADSO 1. 10 107
ADSA 113 0 85
DEO 1. 00 1 00
DEA 0 84 114
J 0 97 114
3 109 0 91
DO, 077 115
fas 129 0 62

* Halving parameter values of the control simulation
* Doubling parameter values of the control simulation
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