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Ecological modeling for toxic substances
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A three-dimensional ecological model (EMT-3D) was applied to Nonylphenol in Tokyo Bay. EMT-3D was cali-
brated with data obtained in the study area. The simulated results of dissolved Nonylphenol were in good agree-
ment with the observed values, with a correlation coefficient(R) of 0.7707 and a coefficient of determination (Rz)
of 0.5940. The results of sensitivity analysis showed that biodegradation rate and bioconcentration factor are most
important factors for dissolved Nonylphenol and Nonylphenol in phytoplankton, respectively. In the case of Nonyl-
phenol in particulate organic carbon, biodegradation rate and partition coefficient were important factors. Therefore,
the parameters must be carefully considered in the modeling. The mass balance results showed that standing stocks
of Nonylphenol in water, in particulate organic carbon and in phytoplankton are 8.60x10° g, 2.19x10" g and 3.78x10°
g, respectively. With respect to the flux of dissolved Nonylphenol, biodegradation in the water column, effluent
to the open sea and partition to particulate organic carbon were 6.02x10° g/day, 6.02x10° g/day and 1.02x10" g/
day, respectively.
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Fig. 1. Schematic diagram of the fate and transport of chemicals in the EMT-3D.
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Table 1. Biological and chemical processes which were applied in each cell of the EMT-3D

d(Dissolved Chemicals)/dt =

Adsorption into POC in water + Desorption from POC in water
- Uptake and sorption of plankton + Excretion and respiration from plankton
- Uptake and sorption of fish + Excretion and respiration from fish
- Uptake and sorption of benthos + Excretion and respiration from benthos
- Biodegradation - Hydrolysis - Photolysis - Oxidation
- Volatilization at surface layer + Diffusion or release from porewater

d(Chemicals in Plankton)/dt =
+ Uptake and sorption from water - Excretion and respiration into water

d(Chemicals in Fish)/dt =
+ Uptake and sorption from water - Excretion and respiration into water

d(Chemicals in Benthos)/dt =
+ Uptake and sorption from water - Excretion and respiration into water
+ Uptake and sorption from porewater - Excretion and respiration into porewater

d(Chemicals in POC)/dt =
+ Adsorption from water - Desorption into water
- Sinking to sediment + Resuspension from sediment
- Biodegradation - Hydrolysis - Photolysis - Oxidation

d(Dissolved Chemicals in Porewater)/dt =

Adsorption into POC in sediment + Desorption from POC in sediment
- Uptake and sorption of benthos + Excretion and respiration of benthos
- Biodegradation - Diffusion and release to water column

d(Chemicals in Sediment POC)/dt =
+ Adsorption from pore water - Desorption into pore water
+ Sinking - Resuspension - Biodegradation
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Fig. 2. Grid map, sampling stations and locations of input
loads in the model region.

Parameters Input value
Model region Tokyo Bay
Target chemicals Nonylphenol
Used modet Modified POM
EMT-3D
Mesh size Ax = Ay = lkm
Layer 10 layer

Considered biological and chemical processes

Bioconcentration factor of phytoplarlkton7J

Uptake rate of phytoplankton

Excretion rate of phytoplanktong)

Adsorption rate of organic particulate organic carbon
Desorption rate of organic particulate organic carbon
Log Koc for Nonylphenol”

Biodegradation rate”

Settling rate of particulate matter™"

Horizontal eddy viscosity and diffusivity®'”

Biodegradation, Sinking,
Adsorption, Desorption,
Uptake and Sorption,
Excretion and Respiration

68 (L / kg)

73 (L / kg day])
1.074 (1 / day)
3284 (L / [kg dayD
6.88 (1 / day)
267 (L / kg)
0.200 a/ day)
2782 (g / [m day])

30 (x 10° cm¥s)

Input loads

Flow (x10° m’/day) Nonylphenol (g/day)

Through the major river
Arakawa River

Kyu-edogawa River
Sumidagawa River

Input loads except major river
Chiba prefecture

Kanagawa prefecture

Tokyo prefecture

1814 1667
4838 868

778 726
4271 457
1897 1625
1205 657
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Table 3. Sensitivity analysis of Nonylphenol concentration by change of values of parameters

The changes of Nonylphenol (%)

Ttem in Water in POC in Plankton
Bioconcentration factor of Plankton x 1/2 0.00 0.00 -49.78
Bioconcentration factor of Plankton x 2 0.00 0.00 91.45
Biodegradation rate x 1/2 91.28 91.71 86,51
Biodegradation rate x 2 -49.17 -52.53 -4893
Particulate sinking velocity x 1/2 001 10.83 0.01
Particulate sinking velocity x 2 -0.01 -9.86 -0.01
Plankton uptake rate x 1/2 0.00 0.00 -3.88
Plankton uptake rate x 2 0.00 0.00 0.45
POC adsorption rate x 1/2 0.00 -1896 0.00
POC adsorption rate x 2 0.00 12.88 0.00
POC partition coefficient x 1/2 0.01 -43.55 0.02
POC partition coefficient x 2 -0.02 61.71 ~0.03
Input Loads (6.64E+03 g/day)
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Fig. 5. The mass balance of Nonylphenol in Tokyo Bay using the simulated results of EMT-3D.
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