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Estimation of Transport and Mass balance of Tributyltin in
Masan Bay
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Abstract

It was performed to estimate the sensitivity analyses and mass balance for tributyltin in Masan
Bay, using the model builded by stella program. The results of the sensitivity analysis for
dissolved tributyltin and tributyltin in the particulate organic carbon showed that not only
organic carbon partition coefficient but also settling rate is important. In the case of tributyltin
in phytoplankton, bioconcentration factor of phytoplankton is most important. The results of
the mass balance showed that standing stocks of tributyltin in water, in phytoplankton and
in particulate organic carbon are 3.29><104g, 1.16><102g and 3.17 ><103g, respectively. In the case
of flux, partition to particulate organic carbon showed most high value, 1.64><103g/day, and
next were deposition to sediment, 1.64><103g/day and transportation to open sea by tide,
1.64x10%g/day.
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Fig. T Map of the modeling region.
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Fig. 2 The conceptual diagram of tributyltin cycle in the model.
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Table 1 Fquations for the model Fig. 2.

Chemicals(t) = Chemicals(t - dt)
+ ( Input load from Anchorage + Input load from Navigation
- Volatilization - Sorption - Transport 1 - Bioconcentration of Phytoplankton
- Biodegradation in water ) * dt
Chemicals in Algae(t) = Chemicals in Algae(t - dt)
+ ( Bioconcentration of Phytoplankton - Transport 2 ) * dt
Chemicals in POC(t) = Chemicals in POC(t - dt)
+ ( Sorption - Settling ~ Transport 3 ) * dt
Chemicals in Sediment(t) = Chemicals in Sediment(t - dt)
+ ( Settling - Biodegradation in sediment ) * dt
Bioconcentration of Phytoplankton
= Chemical uptake rate of phytoplankton * Chemicals * Phytoplankton
- Loss rate * Chemicals in Algae*Phytoplankton
Biodegradation in water = Degradation rate in water * Chemicals
Biodegradation in sediment = Degradation rate in sediment * Chemicals in Sediment
Settling = Settling rate * Chemicals in POC
Sorption = Adsorption rate of organic carbon*Chemicals*POC
- Desorption rate of organic carbon*POC*Chemicals in POC
Transport 1 = Transport rate by tide * Chemicals

Transport 2 = Transport rate by tide * Chemicals in Algae

Transport 3 = Transport rate by tide * Chemicals in POC

Volatilization = Volatilization rate * Chemicals

Input load from Anchorage

Input load from Navigation

Transport by Tide

Phytoplankton = Standing stock of phytoplankton

POC = Standing stock of particulate organic carbon

INIT Chemicals = Initial concentration of dissolved chemicals

INIT Chemicals in Sediment = Initial concentration of chemicals in sediment

INIT Chemicals in phytoplankton = Initial concentration of chemicals in phytoplankton

INIT Chemicals in POC = Initial concentration of chemicals in POC
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Table 2 The parameters used in the model Fig. 2.

Definition Unit Value
Volume m’ 1.081x10°
Average depth m 1.178x10
Area m’ 9.177x10°
Cross sectional area m’ 9.915x10*
Transport by tide m’/day 4.321x1¢
Input load form navigation kg/day 0.096
Input load form anchorage kg/day 3.898
Settling rate of particulate organic matter g/ (m® day) 27.0
Bioconcentration factor of phytoplankton 2.000x10*
Chemical uptake rate of phytoplankton L/(kg day) 1.081x10*
Losses from skin surface, excretion day’l 5.406x107"
and chemical metabolism
Organic—carbon partition coefficient 1.080x10°
Adsorption rate of organic carbon L/(kg day) 7.027x10°
Desorption rate of organic carbon day’1 6.507x10°
Transfer coefficient to Air m/day 0.157
Degradation rate in water day'1 0.018
Degradation rate in sediment day_1 0.007
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Fig. 3 Simulated tributyltin concentration using model.
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Table 3 The sensitivity analysis of tributyltin concentration by change of coefficients value.

The changes of Tributyltin (%)

Item ' in Water in Plankton in POC in Sediment
Bioconcentration factor of Plankton x 0.5 -0.05 44.94 -0.05 -0.04
Bioconcentration factor of Plankton x 1.5 0.06 -48.17 0.06 0.06
Biodegradation rate x 0.5 -6.90 -6.90 -6.90 -6.36
Biodegradation rate x 1.5 8.00 8.00 8.00 7.40
Organic carbon partition coefficient x 0.5 -15.53 -1553 22.20 20.69
Organic carbon partition coefficient x 1.5 - - - -
Settling rate x 0.5 -14.54 -14.54 -17.35 22.36
Settling rate x 1.5 22.27 22.27 26.58 -34.14
Volatilization rate x 0.5 -5.19 -5.19 -5.19 -4.78
Volatilization rate x 1.5 5.79 5.79 5.79 5.36

Input Loads from Anchorage (3.90x10° g/day) Volatilization

Input Loads from Navigation (9.60x10' g/day) (4.37x10% g/ day)

Surface

Plankton

Tributyltin (4.s4x10°g/£y)
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Fig. 4 The mass balance of tribulation in Masan Bay using modeling results.
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