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ABSTRACT: A three dimensional ecological model (EMT-3D) was applied to Tokyo Bay for the simulation of PFOA.
EMT-3D was calibrated with seawater analysis data obtained from the study area in 2004. The simulated results of dissolved
PFOA were in good agreement with the observed values, with a correlation coefficient(R) of 0.7115~0.8759 and a coefficient of
determination (RY) of 0.5062~07672. The results of sensitivity analysis showed that partition rate, adsorption rate and settling
rate were important factors for PFOA in particulate organic matter. In the case of PFOA in phytoplankton, bioconcentration
factor, uptake rate and partition rate were important factors. Therefore, the parameters must be carefully considered in the
modeling. In the case of 50% and 80% total loads reduction, concentration of dissolved PFOA was shown to be lower than
20ng/L and 10ng/L, respectively. In the case of reduction of loads from rivers in each prefecture, Tokyo prefecture was found
to have the most influence on the change of dissolved PFOA in surface water while Chiba prefecture was found to have the

most influnce on the change of dissolved PFOA in bottom water.
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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. Sampling stations and locations of input loads

in the model region.

Table 2. Input data for EMT-3D

Parameters Input value
Model region Tokyo Bay
Target chemicals PFOA

Mesh size Ax = Ay = 1km
Layer 10 layer

Considered biological and chemical processes

Bioconcentration factor of phytoplankton(l)‘@)'(g)
Uptake rate of phytoplankton

Excretion rate of phytoplankton(4)’(5)‘(7)

Adsorption rate of particulate organic carbon

Desorption rate of particulate organic carbon
Partition rate of particulate organic carbon'?
Settling rate of particulate matter®

Horizontal eddy viscosity and diffusivity(ﬁ)

Adsorption, Desorption,
Uptake and Sorption,

Excretion and Respiration,

Sinking

10 (L / kg)

11 (L / [kg dayl)
1.09 (1 / day)
113 (x 10" L / [kg day]
157 (1 / day)
1.13 (x 10" L / kg)
2.78 (g / [m® dayl)
3.0 (x 10° cm®/s)

(1) US. EPA, 2001 ; (2) Cahiill et al,,
(5) Kim et al., 2004 ;
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2003 ; (3) Martin et al.,
(6) Horiguchi et al., 2001 ; (7) Jorgensen et al, 2000

2003 ; (4) Jergensen, 1994 ;



EMT-3D 2EE 0|88 £Z22 PFOA AlE201d

Table 3. Pollutant loads flowing into the model region

Input loads Fg‘low PFOA
(x 10° m*/day) (g/day)
Input loads form sewage treatment
plant
Kanagawa prefecture 679 163
Tokyo prefecture 985 29.3
Chiba prefecture 264 8.8
Input loads from river
Kanagawa prefecture 3592 88.2
Tokyo prefecture 7651 150.5
Chiba prefecture 1633 9.2
s el A 2004d AE3 £F PFOAY #t3 AH ANBFolHd B EE L A2 £ PFOA, 9AAH
Andg olgatel At ALY WIE Fig 3 % jza99 pROA, A8EZFAE Aue PFOA RIS
Bttt Fig. 4 2 Fig. 59 Yerh3dth

FATt AR AE TIAE AzAGN

S ¥E BIE Ueded, Iz ZFE YoA o
600 @ Surface vater : PEE Byt %3 B¢ & PFOAS) W= 5~
R = 07672 g/l A= AAAF7I2A D A2EFAE A
o] PFOA% %7h Z+2120~500ng/kg 2 0.05~0.40ng/kg™¥
® 400 R « 2 ’ = g Az 73% ¥ Wt 8% PFOAY
3 N A% 5~40ng/L, AAAERNED e PFOAE 20~
g RS 510ug/kg, HEFHAE A PFOAY F$E 005~

© oL 040ug/kg AEE Urebsich

200 N 4
0
. A Bottom water 32 ozt B A
* o R =0.7115 -
Adh o8 R = 05062 29 Aol HgE AFal diste] 2 Ak 2
00 * — 3 1200 HPete G FAAL A deuE 3
o 200 400 800 4 ATz WEFoE AF NPES FAGE 1
Observed (ng/L)
: 272 Table 49 UETh APE BA Aol
2= = 33
Fig. 3. Comparison of the observed and simulated 2 A5dFE dagFe A0 MiAs 4Tl
= KN
dissolved PFOA in Tokyo Bay. AE | A& HEd.

%9 8% PFOAS 2ulA S ABEE F
T390 A9 AMAG BEAL wAgEE qegye 40 B8 TEEIA g ST Slew ek, 4
HBAS REo] 08750, 4G4 ATA e AHAF DI Al Hew dehn. BAATE 122 U
Rgre] 076722 AdERed, Azel Ae AwAs g SN BEE 0416 SAsen, 202 S AF
gkol 07115, 2R A% R’3kol 050622 AXs ol ®%9 = 076% astach A4 8RS PFOAY ZA$E
A%t £ o @ AFE Aoz Yehit 2§ Aaze  LIAF EASE SHsed dyel @ Qo2 ve
AA] g A7/ APEHE A2 A FAEE U gon 53 BulAFE 12w Az AS$ o 4820% 2
o juE oz Amgn, AvHoz mde Aquge  SOUSM, 29 A7 oF 8738% SrpSHT. HEEEA
dF3 Aoz ey = Ao PFOAS AS$+ AEZZAEY REFHAST
o 2z W eIt Y & Aoz veiged

|
—
-3
3
|



o
o
0%

PFOA
in TOKYO BAY

YOKOHAMA

Layer 1
(ppt; nolL)

Layer1
/ (ppt; ug/kg)

PFOA
in Plankton

YOKOHAMA

Layer1
(ppt; ugkg)

(a) Dissolved PFOA in surface layer

(b) PFOA in POM of surface layer

(¢c) PFOA in phytoplankton of

surface layer

Fig. 4. The distribution of the simulated PFOA in the surface layer of model area; (a) dissolved PFOA(ppt: ng/L),
(b) PFOA in particulate organic matter(ppb:ng/kg), (c) PFOA in phytoplankton(ppb:ug/kg).
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Fig. 5. The distribution of the simulated PFOA in the bottom layer of model area; (a) dissolved PFOA(ppt: ng/L),
(b) PFOA in particulate organic matter(ppb:ug/kg), (c) PFOA in phytoplankton{ppb:ng/kg).
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Table 4. Sensitivity analysis of PFOA concentration by change of

values of parameters

The changes of PFOA (%)

Item in Water in POM  in Plankton
POC adsorption rate x 1/2 0.03 -5.56 0.03
POC adsorption rate x 2 -0.02 3.16 -0.02
POC partition coefficient x 1/2 0.41 -48.20 0.41
POC partition coefficient x 2 -0.76 87.38 -0.76
Bioconcentration factor of Plankton x 1/2 0.00 0.00 -49.43
Bioconcentration factor of Plankton x 2 0.00 0.00 95.33
Plankton uptake rate x 1/2 0.00 0.00 -2.34
Plankton uptake rate x 2 0.00 0.00 1.15
Particulate sinking velocity x 1/2 0.11 2.38 0.10
Particulate sinking velocity x 2 -0.21 -4.12 -0.20
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Table 5. Composition of scenario

Case

No.

Scenario

1

© 0 NNy U Ww N

20%
50%
80%
80%
80%
80%
80%
80%
80%

reduction from both the rivers and STPs

reduction from both the rivers and STPs

reduction from both the rivers and STPs

reduced loads from the STPs in Kanagawa prefecture
reduced loads from the STPs in Tokyo prefecture
reduced loads from the STPs in Chiba prefecture
reduced loads from the rivers in Kanagawa prefecture
reduced loads from the rivers in Tokyo prefecture

reduced loads from the rivers in Chiba prefecture
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