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Abstract 

The enforcement of PRTR (Pollutant Release and Transfer Register) disclosed the facts that in 
Shiga prefecture, over 13,000 ton of organic chemical substances are discharged into the environ-
ment, most of them are into the atmosphere.  In the research, the behavior and fate of a large 
quantity of these organic chemicals discharged into the environment is estimated using fuga-
city-based model.  The results showed that most of them are decomposed by OH radical during their 
stay in the atmosphere.  However, some of them featuring water-miscible and directly discharged 
mainly into waters are estimated to exist in waters and have influence on COD ranging from 0.0032 
to 0.0171 mgO2/L.  This value is not negligible and we should be aware of the fate and behavior of 
these chemicals. 
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Fig.1 The amount of chemicals released into the environ-
ment in Shiga prefecture and their destination (2001). 
The amount of chemicals is calculated from the sun of 
those from reported industries and the estimated 
amount by the government. The destination of the 
chemicals without reported is regarded same as those 
with reported. 
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Soil: 5.25×108 m3

Area: 2.62×109 m2, Depth: 0.2 m
   Solids: 2.62×108 m3

   Air: 1.05×108 m3

   Water: 1.57×108 m3

58,468m 58,468m 

1,000m 

Air: 3.42×1012 m3

Aerosols: 30 µg/m3

Water: 2.75×1010 m3

Area: 7.95×108 m2, Depth: 34.6 m
Suspended Solid: 4 g/m3

Sediment: 2.39E×107 m3

Area: 7.95×108 m2, Depth: 0.03 m
   Solids: 4.77×106 m3

   Water: 1.91×107 m3

Fig.2 Evaluated environment that mimic Shiga prefecture. 
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Table1 13

20 ton

Chemical Amount of Amount of Ratio in the Screening 

toluene 4,811,918 434 Yes 

xylene 1,992,603 1,228 Yes 

dichloromethane 1,169,302 146 Yes 

trichloroethylene 581,654 8 Yes 

ethylbenzene 494,435 19 Yes 

formaldehyde 456,128 14,775 Yes 

N,N-dimethylformamide 438,502 5,289 Yes 

ethylene glycol 209,528 159,765 Yes 

styrene 346,816 165 Yes 

tetrachloroethylene 320,925 130 Yes 

p-dichlorobenzene 209,372 0 88 No 
acetaldehyde 164,807 0     0.2 Yes 
benzene 139,946 440 100 No 
HCFC-141b 118,294 0 100 No 
HCFC-22 95,109 0 100 No 
1,3,5-trimethylbenzene 74,727 0 96 No 
1,3-butadiene 57,926 0 77 No 
vinyl acetate 53,882 49 68 No 

bis(2-ethylhexyl)phthalate 50,919 1 0 Yes 
chlorobenzene 47,278 0 94 No 
2-ethoxyethyl acetate 40,268 0     0.4 Yes 
CFC 12 38,574 0 99 No 
acrolein 31,072 0 27 Yes 
phenol 27,329 31     0.2 Yes 
CFC 11 24,653 0 100 No 
ethylene glycol 
monoethyl ether 

24,643 0     0.2 Yes 

ethyl acrylate 23,005 0 57 No 

thiobencarb 0 15,182  Yes 
1,3-dichloro-2-propanol 0 13,469 Yes 

a  The ratio of chemicals existing in the atmosphere was estimated under the condition of 
Air : Water : Octanol = 274,315 : 2,207 : 1 (volume ratio). 

b  Yes : included as a target chemical in this research. 
No : excluded from target chemicals in this research.

Table1 Screening of the skeptical chemicals with the possibility of their presence in the environment. 
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COD

2.3 fugacity

2.3.1 fugacity

“fugacity” ”escaping(fleeing) tendency” 

fugere  Mackay

fugacity Pa

D mol Pa-1 f Pa

fugacity

LEVEL 

2.3.2

Mackay QWASI

(Quantitative Water Air Sediment Interaction) 

3) fugacity

Table2 Definition of Z (fugacity capacity) values for each media. 

Media Definition of Z Values Remarks 

Air ZA=1/RT R is gas constant (Pa m3/mol K) 
  T is temprature (K) 

Water ZW=1/H H is Henry’s Law constant (Pa m3/mol) 
   

Soils, Sediments ZS=yocKocZW( s/1000) yoc is mass fraction organic carbon 
Suspended solid Koc=0.41Kow4) Koc is organic carbon-water coefficient 

s is density of soil(sediments) (kg/m3)
Aerosol ZQ= ZAyomKOA( Q/1000) yom is mass fraction organic matter 

Q is density of aerosols (kg/m3)
   

Bulk phase ZT= Vi Zi Vi is the volume fraction of phase i 
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DA4 

DA2 
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Solid 3
     f3
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DR2

Fig.3 Transportion and degradation pathways considered in the QWASI model. 
Equations and parameters are listed in Table3 and Table4, respectively. 
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Table3 Transport and reaction equations used fugacity-based model level .

Compartments Process D Values Multiplying 
fugacity 

Air(1)- Water(2) Diffusion Dv=1/(1/kVAA12ZA +1/kVWA12ZW)
 Rain dissolution DRW2=A12URZW

 Wet deposition DQW2= A12URQVQZQ

 Dry deposition DQD2= A12UQVQZQ

  D12=Dv+DRW2+DQW2+ DQD2 f1

  D21= Dv f2

   
Air(1)-Soil(3) Diffusion D E = 1 / ( 1 / k E A A 1 3 Z A + Y 3 / A 1 3 ( B M A Z A + B M W Z W ) )
 Rain dissolution DRW3=A13URZW

 Wet deposition DQW3= A13URQVQZQ

 Dry deposition DQ32= A13UQVQZQ

  D13=DE+DRW3+DQW3+ DQD3 f1

  D31= DE f3

Soil(3)-Water(2) Soil runoff DSW=A13UEWZE

 Water runoff DWW=A13UWWZW

  D32= DSW+DWW f3

  D23=0  
    
Sediment(4)-Water(2) Diffusion DY=1/(1/kSWA24ZW+Y4/BW4A24ZW)
 Deposition DDS=UDPA23ZP

 Resuspension DRS=URSA23ZS

  D24= DY+DDS f2

  D42= DY+DRS f4

    
Reaction in phase i  DRi=kRiViZi fi

Advection bulk phase  DAi=GiZi or UiAiZi fi

    
Direct emission  Ei

Reaction 13.96

Solid 3

Reaction

2.56 10-4

Reaction 3.14

Emission 12.9 

Reaction1 43,090 

Advection

2.96 10-4 

2.10 10-5 

1.92 10-5 

Advection

Emission 143,095 

6.56 10-12 
1.03

1.56 10-9 

3.39

Sediment 4

Air (1) 

Water 2
2.52 10-1 

Advection0.24

Fig.4 Behavior of toluene emitted into the environment (mol/day). 
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Table4 Parameters and substituted values3) 

Parameter Symbol Values 

Air side mass transfer coefficient (MTC) over water kVA 72 m/day

Water side MTC kVW      0.72 m/day 

Rain rate UR 4.3 10-3 m/day 

Scavenging ratio Q       200000 

Volume of fraction aerosols VQ 1.5 10-11

Dry deposition velocity UQ 259.2 m/day 

Air side MTC over soil kEA 24 m/day 

Diffusion path length in soil YS 0.05 m 

Molecular diffusivity in air BMA 0.96 m2/day 

Molecular diffusivity in water BMW 4.0 10-6 m2/day 

Water runoff rate from soil UWW 9.36 10-4 m/day 

Solids runoff rate from soil UEW 4.80 10-8 m/day 

Water side MTC over sediment kSW 2.40 10-1 m/day 

Diffusion path length in sediment Y4 0.005 m 

Sediment deposition rate UDP 5.52 10-7 m/day 

Sediment resuspension  UBS 2.64 10-7 m/day 

Sediment burial rate UL 2.88 10-7 m/day 

Advection from water phase G2 7.12 10-7 m3/day

Wind speed 2,400 m/day 

Advection from air phase G1 5.76 108 m3/day

Density of aerosol 2,000 kg/m3

Total organic carbon of aerosol 0.1

Density of suspended solid 2,000 kg/m3

Total organic carbon of suspended solid 0.1

Density of surface solid 2,300 kg/m3

Total organic carbon of surface solid 0.05

Density of sediment  2,400 kg/m3

Total organic carbon of sediment 0.02

Advective inflow Concentration Depend on chemicals 

Rate constant with OH radical kR1 Depend on chemicals 

Direct emission to air E1  Depend on chemicals 

Direct emission to water E2 Depend on chemicals 

OH radical concentration  9.7 105 molarcules/cm35)

Temperature 25
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PRTR COD
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COD 0.0032 0.0171 mgO2/L

(Fig.5) COD ThOD

50%

BOD COD
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mgO2/L PRTR

COD

COD
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Sensitivity Parameter 

Depth of the water phase (Fy5) 
>10%

Height of the atmosphere (Fy5) 
Scavenging ratio 

5%<
Water runoff rate from soil 
Advection from air phase 
Advection from water phase 
Air side mass transfer coefficient (MTC)over water 
Air side MTC over soil 
Density of aerosol 
Density of sediment 
Density of surface solid 
Density of suspended solid 
Diffusion path length in sediment 
Diffusion path length in soil 
Dry deposition velocity 
Molecular diffusivity in air 
Molecular diffusivity in water 
Sediment burial rate 
Sediment deposition rate 
Sediment resuspension rate 
Solids runoff rate from soil 
Total organic carbon of aerosol 
Total organic carbon of sediment 
Total organic carbon of surface solid 
Total organic carbon of suspended solid 
Volume of fraction aerosols 
Water side MTC 
Water side MTC over sediment 

<1%

Wind speed 

The sensitivity was calculated by changing ±50% for the value of each parameter from that shown in Table4 

Table5 Half of theoretical oxygen demand is given to every chemical when each concentration is counted into COD values. 

Chemicals 
Air

(mol/m3)
Soil

(mol/kg) 
Sediment 
(mol/kg) 

Water     
(mol/m3)

Contribution to 
COD (mgO2 / L) 

toluene 8.32×10-8 5.32×10-10 7.38×10-12 1.68×10-8 2.42×10-6

xylene 6.61×10-7 7.49×10-9 2.60×10-10 5.51×10-8 9.26×10-6

dichloromethane 2.11×10-5 1.82×10-7 4.01×10-10 5.95×10-6 1.43×10-4

trichloroethylene 4.30×10-7 1.89×10-9 1.54×10-11 5.62×10-8 2.02×10-6

ethylbenzene 1.50×10-7 8.49×10-10 2.46×10-12 2.68×10-9 4.50×10-7

formaldehyde 1.75×10-7 8.25×10-7 7.65×10-11 2.74×10-5 4.38×10-4

N,N-dimethylformamide 4.41×10-8 2.38×10-7 1.29×10-12 8.79×10-6 7.73×10-4

ethylene glycol 1.06×10-10 3.04×10-7 1.63×10-12 2.07×10-5 8.29×10-4

styrene 2.72×10-8 1.38×10-10 6.42×10-13 1.90×10-9 3.04×10-7

tetrachloroethylene 4.54×10-8 6.67×10-7 2.73×10-8 1.31×10-5 4.21×10-4

acetaldehyde 7.92×10-9 3.13×10-7 2.28×10-11 8.16×10-6 2.61×10-4

bis(2-ethylhexyl)phthalate 9.27×10-11 6.01×10-8 1.53×10-7 8.99×10-8 4.53×10-5

2-ethoxyethyl acetate 1.45×10-9 2.30×10-8 2.26×10-12 5.60×10-7 8.07×10-5

acrolein 6.26×10-8 1.00×10-9 2.57×10-13 2.53×10-7 1.62×10-5

phenol 5.32×10-10 4.89×10-8 2.23×10-11 5.66×10-7 6.34×10-5

e thylene  g lyco l  monoethyl  e ther 7.62 10-10 2.06×10-8 4.28×10-13 7.17×10-7 6.31×10-5

Thiobencarb 2.09×10-35 5.81×10-32 3.96×10-10 1.91×10-7 5.04×10-5

1,3-dichloro-2-propanol 3.01×10-27 7.10×10-27 2.98×10-12  3.98×10-7 2.55×10-5

    Total(mgO2/L) 0.0032 

Table6. Result of sensitivity analysis on the parameters used in this research. 
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Fig.5 Contribution of PRTR chemicals to COD value depending on the height of the atmosphere and 
water depth. Half of theoretical oxygen demand (ThOD) is given to every chemical when each 
concentration is converted into COD values. 


