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Prediction of Environmental Fate of Certain Chemicals Using
Computer Simulation Programs

Kyun Kim and Yong-Hwa Kim

Abstract

Environmental hazards of a chemical could be assessed by two different approaches : toxicity test and assessment
of exposure potentials to human and environmental organisms,

For the prediction of environmental fate of chemicals three available computer programs were compared each
other and were verified. The results obtained by using these computer programs, PCHEM, EXAMS, and EACHEM
were summarised as follows.

The estimated octanol/water partition coefficients by PCHEM were similar to the experimental values in the
literature. But the other factors, water solubility and vapor pressure were different from the data in the literature.

The simulation results of selected compounds by EXAMS showed similar tendency to the literature results of
model field environment. Therefore, this computer program could be utilized to predict the environmental fate
of chemicals.

E4CHEM program is very simple and this program could predict the ultimate environmental fate of stable chemicals
by input of two or three parameters. However, the validity should further be verified in the future field study
using more compounds.

It is suggested that these approaches could be fully utilized by understanding their limitations to predict the
environmental fate of new chemicals under development, to screen the potential environmental pollutants among

chemicals already-in use, and to devise measures to minimize the hazards to the environment.
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Table 1. Structure and SMILES notation of selected chemicals

Chemical Structure SMILES notation
Trichlorethylene C2 HCls €HC = CECHECy
Dichiormethane CHLl. CCHECY
Chlorinated Paraffin CuHaCls CChcenceneencencenceccecece
BPMC Cz Hr NO2 CNC(=0)Oclcceec(C(CYCOY
Carbaryl Cz Hu NO- CNC(=)Oclecec2cecc2cel
Diazinon CzHaN:0:PS CCOP(=S)0CCY0cInc(C(CYCnc(C)cl
Fenitrothion CoHi NOs PS COP(=S)OC)Oclcc(C)e(N(=0)(=0))ecl
Malathion CoHp 06 PS: COP(=S)OC)SC(CC(=0)0OCC)C(=0)0CC
Propoxur CuHs NOs clec(OC(CYC)c(OC(=0)NC)ect
Thiobencarb Cr Hs CINOS CCN(COYC(=0)SCclecc(Checl

of BAAFAZ £84, 371 5 Fadl o 34
Ag B AT 59 49ARY L FE4Y
Azew o vasgs,

2. EXAMS Zz2339 xig 9%
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Fig. 1. Structure of selected chemicals for simulation.
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Table 2. Example of data input in EXAMS program - butachlor

Parameters Value
Molecular Weight (MWT(1)) 302
Water Solubility (SOL(1, 1)) 20 ppm
Vapor Pressure (VAPR(1)) 45X10°° torr
Soil Adsorption Coeff. (KOC(1)) 10,000
Octanol/Water Partition Coeff. (KOW(1)) 2.61X10°
No. of Compartment (KOUNT) 2
Type of Compartment 1 (Type(1)) L (Littoral)
Type of Compartment 2 (TYPE(2)) B (Benthic)
Compartment Connection Variable (JTURB(1) 1
Compartment Connection Variable (ITURB(1)) 2
Littoral Compartment Depth (DEPTH(1, 1)) 004 m
Benthic Compartment Depth (DEPTH(Z, 1)) 015 m
Littoral Compartment Volume (VOL(1, 1)) 60.8 m®
Benthic Compartment Volume (VOL(2, 1)) 228 m?
Surface Area (AREA(**) 1520 m?
Temperature (TCEL(**) 20T
pH (pH(1, 1)) 65
pOH (pOH(L, 1) 75
pH (pH(Z, 1) 52
pOH (pOH(Z, 1)) 838
Benthic Saturation Factor (PCTWA(2, *) 137
Bulk Density of Benthic Compartment (BULKD(2, *)) 1.87
Azl gl A Table 3. Octanol/water partition coefficient of
chemicals
1. PCHEM Z279| simulation F Chemical Log Kow * | Log Kow**
PCHEM =Z21d& o]£38a mx LEE/2 2 Trichloroethylene 2811 2.267
Dichloromethane 1.681 1.249
Asg vuste oty 94 & AFdelM 3% Chlorinated paraffin > 5146 6378
trichloroethylene® dichloromethane, chlorinated paraf- BPMC 3.18 3317
fin®] £etE/8 EWATY FHX"" 9 Kanazawa®’ ]C)?;Zirg; .%)?Z i?g?
7t 433 AIXE PCHEM Z21%9 F3x9 ) Fenitrothion 344 3159
8 AHE Table 39 20 Malathion 2.89 2.136
. Propoxur 1.52 1578
°l EIA% o] PCHEM Z2agor #3% ¥ Thiobencarb 342 3357
K3

WAF e AP vwd B o) v uy AR AL
% 4 QA olw FHALE T B r = 89682

* experimental data by Jun Kanazawa®'
** calculated from PCHEM program
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Table 4. Water solubility and vapor pressure of chemicals
Water Solubility(mg/L) Vapor Pressure(torr)
Chemical
Calculated Literature* Literature** Calculated Literature* Literature**

BPMC 33 610 - 7751 36E-4 -
Carbaryl 268 120 <01 % 5.30 { 4.99E-3 5.25E-3
Diazinon 101 40 40 - e 7.3E-7 1.35E4
Fenitrothion 381 U1 30 i 1.35E-4 5.25E-5
Malathion 6401 145 145 - e 3.98E-5 1.20E-4
Propoxur 2580 2000 02 % 2.70 9.75E-3 9.75E-3
Thiobencarb 33 30 7751 - -

*  Worthing, C. R*’
*  Hartley, D.B’
**  calculation is not possible

olRom o] JetEAEe) FHH HAr) L= 028 log
Kow 3592 H 23k 0.75 log Kow Z=Zth
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Fig. 2. Disappearance of butachblor in soil and

water.
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Fig. 3. Disappearance of butachlor in soil after sy-

nchronizing the maximum concentration.
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* Froc : fraction of organic carbon
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Fig. 4. Disappearance of butachlor in water with

variation of the soil organic carbon con-

tents.
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Fig. 5. Adsorption of butachlor in soil with va-

riation of the soil organic carbon contents;
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Fig. 6. Disappearance of diazinon in soil
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Fig. 8. Disappearance of diazinon in water with

variation of gydrolysis rate constant.
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Fig. 9. Disappearance of carbofuran in water and

soil.
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Table 5. Distribution in environmental compartments of chemicals by EACHEM submodel EXTND

Distribution in environmental compartments
Substance Henry XKOC
% Concentration(kg/m3)
Air Water Soil Air Water Soil

1. Trichloroethylene  0.22E-2 1E+2 64.74 .81 045 0.11E9  050E-7  0.15E-6
2. Dichloromethane 0.54E-3 1E+2 3152 67.61 0.87 0.53E-10 097E-7  0.29E-6
3. Chlorinated Paraffin 0.22E-4 1E+4 0.80 4340 55.80 0.17E-9  023E-10 0.7E-10
4. Parathion 049E-6 1E+3 0.04 88.57 11.39 0.62E-13 0.13E-6  0.38E-5
5. Carbofuran 0.29E-7 1E+2 0 98.73 1.27 041E-14 0.14E6 042E-6
6. Diazinon 0.34E-5 1E+3 0.26 88.38 11.36 043E-12 0.13E-6 0.38E-5
7. DDVP 0.12E-6 1E+2 0.01 98.72 1.27 0.17E-13  0.14E-6 0.42¢-6
8. Butachlor 0.22E-6 1E+4 0.01 43.75 56.25 0.14E-13 062E-7  0.19E4
9. Carbaryt 0.57e-2 1E+2 82.78 176 0.22 0.14E-9° 024E-7  0.73E-7
10.Propoxur 0.32E-3 1E+2 21.2 778 10 0.35E-10 0.11E-6  0.33E-6
11.Thiobencarb 0.73E-2 1E+3 84.72 13.54 1.74 0.14E-9  0.19E-7 058E-6
12BPMC 0.96 1E+3 99.86 012 0.02 0.17E-9 0.17E-9  052E-8
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