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Abstract — Pollution by chemical substances such as POPs, EDCs and PBTs in the ecosystem has become more
complex and varied, increasing the possibility of irreversible damage to human health or the ecosystem. It is nec-
essary 1o have a exposure assessment in a multi-media environment for various chemical substances is required for
efficient management. This study applied MUSEM (MUlti-media Simplebox-systems Environmental Model), a mul-
timedia environmental model that can simultaneously evaluate the possibility of exposure of hundreds of chemical
substances in order to efficiently manage chemical substances that can have negative impact on human health or eco-
logical environment through environmental contamination. MUSEM executed the modeling for Japan by setting ail
47 prefectures of Japan as the regional area for 62 chemical substances and the rest of the territory of Japan, excluding
regional area, as the continental area and made the estimation of concentration among environment media in each
administrative area and made the sensitivity analysis on Tokyo area. The results of simulation for chemical dis-
tribution showed that most of the target chemicals located in water region. The result of sensitivity analysis for
octanol-water partition rate showed that the concentration change of soil in urban/industrial area and sediment in
freshwater was high. In the case of sensitivity analysis for degradation rate showed that the concentration change of
freshwater, soil in urban/industrial area, and sediment in freshwater was high.

Keywords: Multi-media Environmental Model(thel| 2] 87 2 &), Exposure Assessment(=2% 7}), Risk
Assessment(¥31%F 7}, PRTR, TRI, MUSEM
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2. MUSEM (MUlti- media Simplebox-systems
Environmental Model)
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Table 1. Input data of environmental characteristics for calibration
and sensitivity analysis in MUSEM

Regional area 47 Prefectures of Japan
Continental area Japan except Regional area

62 chemicals substances (Type II Monitoring
chemical substances in Japan)

Emission load Emission database by PRTR result

Substances
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Table 2. Input data of regional characteristics in Japan for calibration and sensitivity analysis in MUSEM

7

N

- AEE

Area o ome Population Area Area ratio(%) Sewage
code (x1000y (km?) forest  agri.area urbanind. area surface waterarea  supply(%)

Japan (Whole country) 127,432 377,880 66.1 13.2 17.80 2.90 62

1 Hokkaido 5,670 83,454 68.3 15.2 14.18 2.32 82
2 Aomori-ken 1,469 9,235 64.9 17.1 15.43 2.57 40
3 Twate-ken 1,407 15,279 75.4 10.8 12.56 1.24 35
4 Miyagi-ken 2,371 6,862 56.9 19.7 20.26 3.14 65
5 Akita-ken 1,176 11,434 70.8 13.4 13.07 2.73 37
6 Yamagata-ken 1,235 7,394 69.1 13.9 14.93 2.07 50
7 Fukushima-ken 2,120 13,783 68.6 11.7 17.12 2.58 33
8 Inaraki-ken 2,990 6,096 320 304 30.20 7.40 43
9 Tochigi-ken 2,010 6,408 54.7 21.0 20.96 3.34 46
10 Gumma-ken 2,032 6,363 64.1 13.5 20.18 2.22 37
11 Saitama-ken 7,001 3,767 33.1 23.4 37.94 5.56 67
12 Chiba-ken 5,994 4,996 32.6 27.3 36.80 3.30 57
13 Tokyo-to 12,219 2,102 36.7 4.3 55.84 3.16 97
14 Kanagawa-ken 8,625 2,415 40.3 9.2 47.52 2.98 92
15 Niigata-ken 2,465 10,939 62.5 14.6 20.30 2.60 41
16 Toyama-ken 1,119 2,802 56.5 14.7 25.46 3.34 45
17 Ishikawa-ken 1,180 4,185 66.4 11.3 20.65 1.65 59
18 Fukui-ken 828 4,189 74.4 10.4 12.96 2.24 57
19 Yamanashi-ken 889 4,201 77.8 6.3 13.44 2.46 55
20 Nagano-ken 2,217 12,598 75.0 8.9 14.43 1.67 56
21 Gifu-ken 2,111 10,209 80.0 58 12.06 2.14 49
22 Shizuoka-ken 3,786 7,329 63.7 10.3 2222 3.78 44
23 Aichi-ken 7,123 5,118 43.5 16.9 36.06 3.54 56
24 Mie-ken 1,861 5,761 65.6 11.6 19.67 3.13 26
25 Shiga-ken 1,359 3,855 509 14.2 15.83 19.07 64
26 Kyoto-fu 2,642 4,613 752 7.4 15.58 1.82 81
27 Osaka-fu 8,815 1,893 314 8.5 55.87 423 83
28 Hyogo-ken 5,578 8,392 68.1 9.8 19.82 2.28 82
29 Nara-ken 1,438 3,691 712 6.7 14.07 2.03 59
30 Wakayama-ken 1,061 4,726 77.0 8.0 12.63 2.37 10
31 Tottori-ken 612 3,507 742 11.1 12.65 2.05 43
32 Shimane-ken 757 6,707 78.9 6.4 11.17 3.53 25
33 Okayama-ken 1,953 7,009 68.4 10.7 18.54 2.36 39
34 Hiroshima-ken 2,878 8,477 73.2 7.7 17.78 1.32 57
35 Yamaguchi-ken 1,518 6,111 713 9.1 18.22 1.38 47
36 Tokushima-ken 820 4,145 75.4 8.6 12.89 3.1t 11
37 Kagawa-ken 1,021 1,862 47.6 19.1 30.15 3.15 28
38 Ehime-ken 1,486 5,676 70.5 11.1 17.18 1.22 36
39 Kochi-ken 810 7,105 83.4 43 10.53 1.77 23
40 Fukuoka-ken 5,043 4,840 449 19.3 32.90 2.90 64
41 Saga-ken 874 2,439 44.4 243 28.76 2.54 26
42 Nagasaki-ken 1,507 4,093 59.0 13.4 26.94 0.66 42
43 Kumamoto-ken 1,858 6,908 62.9 17.4 18.20 1.50 46
44 Oita-ken 1,219 5,804 71.0 10.3 17.22 1.48 34
45 Miyazaki-ken 1,167 6,685 759 9.4 12.81 1.89 37
46 Kagoshima-ken 1,779 9,132 63.6 14.3 21.02 1.08 33
47 Okinawa-ken 1,339 2,272 472 18.8 - - 56
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Table 3. Input data of physico-chemical properties for calibration and sensitivity analysis in MUSEM
CAS  PRTR Molecular Fusion Boiling  Vapor pres-  Solubil- Octanol-water partition

Compound Name No No  No weight (z/mol) point °C) point (°C) sure (mmHg) ity (mg/L) coefficient (logPow)
p-chloronitrobenzene 1 100-00-5 237 157.56 85 358.15 0.0219 225 2.39
p-nitroaniline 2 100-01-6 234 138.13 147.65 420.8 3.2E-06 728 1.39
4-ethenylcyclohexene 3 100-40-3 255 108.18 -61.89 211.26 157 50 3.93
methylaniline 4 100-61-8 323 107.16 -57 216.15 0.453 5620 1.66
2-vinylpyridine 5 100-69-6 256 105.14 -15.16 257.99 2.78 27500 1.54
moca 6 101-14-4 120 267.16 110 383.15 2.86E-07 139 391
p-chloroaniline 7 106-47-8 72 127.57 72.65 345.8 0.027 3900 1.83
allylglycidylether 8 106-92-3 23 114.15 -44.51 228.64 43 43260 0.45
1,3-butadiene 9 106-99-0 268 54.0% -108.75 164.4 2110 735 1.99
ethylidenedichloride 10 107-06-2 116 98.96 -35.31 237.84 78.9 8600 1.48
m-phenylenediamine 11 108-45-2 264 108.14 66.1 339.25 0.00209 238000 -0.33
cyanuricchloride 12 108-77-0 212 184.41 154 427.15 0.623 401 1.73
piperazine 13 110-85-0 258 86.14 106 379.15 0.16 1000000 -1.5
diethylenetriamine 14 111-40-0 17 103.17 -39 234.15 0.232 1000000 -2.13
TCEP 15 115-96-8 352 285.49 -35 238.15 0.0613 7000 1.44
decabromodiphenyl ether 16 1163-19-5 197 959.17 295 568.15 4.67E-12 0.0001 12.11
2,6-dichiorobenzonitrile 17 1194-65-6 143 172.01 144.2 417.35 0.00101 21.2 2.74
3,3'-dimethylbenzidine 18 119-93-7 171 212.3 1315 404.65 6.92E-07 1300 234
fenitrothion 19 122-14-5 192 277.24 -273 0.15 0.000054 38 33
simazine 20 122-34-9 90 201.66 226.15 499.3 2.21E-08 6.2 2.18
1,4-dioxane 21 123-91-1 113 88.11 11.95 285.1 38.1 1000000 -0.27
tri-n-butyl phosphate 22 126-73-8 354 266.32 -79 194.15 0.00113 280 4
tetramethylthiuram disulfide 23 137-26-8 204 24043 155.75 428.9 1.73E-05 30 1.73
ziram 24 137-30-4 249 305.8 250 523.15 7.5E-09 65 1.23
p-phenetidine 25 156-43-4 265 137.18 2.4 275.55 0.0105 7510 1.24
cis-1,2-dichloroethylene 26 156-39-2 118 96.94 -80.35 192.8 200 6410 1.86
trans-1,2-dichloroethylene 27 156-60-5 119 96.94 -49.65 2235 331 4520 2.09
tetrachloroisophthalonitrile 28 1897-45-6 199 265.91 250 523.15 5.7E-07 0.6 3.05
EPN 29 2104-64-5 37 323.31 352 308.35 9.5E-07 31 4.78
dinitrotoluene 30 25321-14-6 157 546.41 60 333.15 0.000397 270 2.18
hydrazine 31 302-01-2 253 32.05 2.15 2753 144 1000000 -2.07
{inuron ' 32 330-54-1 129 233.1 158.15 431.3 6.9E-08 42 2.68
diazinon 33 333-41-5 185 304.35 120.15 3933 9.01E-05 40 3.81
BPMC 34 3766-81-2 330 207.27 315 304.65 0.000143 420 2.78
1,3-dichloropropene 35 542-75-6 137 110.97 -83.85 189.3 34 2800 2.04
ethylenediaminetetraacetic acid 36 60-00-4 47 292.25 245 518.15 4.98E-13 1000 -3.86
dimethoate 37 60-51-5 156 229.26 52.15 3253 8.25E-06 25000 0.78
amitrole 38 61-82-5 19 84.08 159 432.15 4 4E-07 280000 -0.86
thiourea 39 62-56-6 181 76.12 182.15 4553 0.0028 142000 -1.08
dichlorvos 40 62-73-7 350 220.98 25.15 298.3 0.0158 8000 1.47
chloroform 41 67-66-3 95 119.38 -634 209.75 197 7950 1.97
n,n-dimethylformamide 42 68-12-2 172 73.1 -60.15 213 3.87 1000000 -1.01
bromomethane 43 74-83-9 288 94.94 -93.45 179.7 1620 15200 1.19
chloromethane 44 74-87-3 96 50.45 -97.25 175.9 4300 5320 0.91
chloroethane 45 75-00-3 74 64.52 -138.55 134.6 1010 6710 1.43
chloroethylene 46 75-01-4 77 62.5 -153.69 119.46 2980 8800 1.62
dichloromethane 47 75-09-2 145 84.93 -94,78 178.37 435 13000 1.25
carbon disulfide 48 75-15-0 241 76.14 -111.35 161.8 359 1180 1.94
vinylidenechloride 49 75-35-4 117 96.94 -122.42 150.73 600 2420 2.13

trichloroacetaldehyde 50 75-87-6 208 147.39 -57.5 215.65 50 30000 0.99
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Table 3. (continued)
Compound Name No CAS PRIR Mclecular Eusion Bpiling Vapor pres- .Sclubil— Octanol-'waterpartition
No No weight (g/mol) point (°C) point (°C) sure (mmHg) ity (mg/L) coefficient (logPow)
2,2'-azobisisobutyronitrile 51 78-67-1 13 164.21 101.5 374.65 0.0067 350 1.1
isoprene 52 78-79-5 28 68.12 -145.9 127.25 550 642 2.42
1,2-dichloropropane 53 78-87-5 135 112.99 -100.05 173.1 533 2800 1.98
1,1,2-trichloroethane 54 79-60-5 210 133.41 -36.35 236.8 23 45%0 1.89
2,5-dichloronitrobenzene 55 89-61-2 128 192 56 329.15 0.00571 14 3.09
o-dichlorobenzene 56 95-50-1 139 147 -16.5 256.65 1.36 156 3.43
o-chloroaniline 57 95-51-2 71 127.57 -14 259.15 0.204 8160 19
o-toluidine 58 95-53-4 225 107.16 -23.45 249.7 0.26 16600 1.32
2,4-toluenediamine 59 95-80-7 228 122.17 99.15 3723 0.00017 74800 0.14
2-imidazolidinethione 60 96-45-7 32 102.16 203.5 476.65 2.02E-06 20000 -0.66
dinitrochlorobenzene 61 97-00-7 83 202.55 522 325.35 8.49E-05 8 2.17
nitrobenzene 62 98-95-3 240 123.11 58 27895 0.245 2090 1.85
Urban
Freshwater Andustrial
(ug/) Soil
(ug/k@)

Fig. 1. Simulation result of chemicals concentration in 47 Prefectures of Japan.
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