S8R AR AA(ATR), 737~742, 2002
J. of the Environmental Sciences

QSAREZ 0|88 XWE HRASSE 3 2 B2 A5 oS

2.y
AAESD HMTHE U Jsteing
‘FyTista sty HREy
THACHEIT Cf3tl BB X Ea]
(20013 108 25 5 20023 78 182 =)

Prediction of Sorption/Desorption Parameters of Halogenated

Aliphatic Compounds Using QSAR

Jong-Oh Kim, Jeung-Seok Park’ and Yeon-Don Choi”
Division of Construction Engineering/ERI. Gyeongsang National Univ, Gyeongnam 660-701, Korea
‘Kyongsangnam-do Research Institute of Health & Environment, Gyeongnam 641-850, Korea
“Dept. of Environmental Protection, Graduate School, Gyeongsang National Univ., Gyeongnam 660-701, Korea
(Manuscript received 25 October, 2001; accepted 18 July, 2002)

Sorption and desorption is an important phenomenon to determine the fate of halogenated aliphatic

hydrocarbons in the aqueous phase. This study was conducted to develope a predictive equation capab.
estimating the sorption and desorption potentials of halogenated aliphatic hydrocarbons onto the sludge

le of
from

activated process, sediment, and clay. It has shown that the sorption and desorption parameters can be accurately
estimated using Quantitative Structural Activity Relationship(QSAR) models based on molecular connectivity
indexes of test compounds. The QSAR model could be applied to predict the sorption and desorption capacity of
the other halogenated aliphatic hydrocarbons. The QSAR modeling would provide a useful tool to predict the

sorption and desorption capacity without time-consuming experiments.
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Fig. 1. Procedure of QSAR analysis.
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Table 1. Sorption coefficients and log Kp of activated sludge, sediment, and clay
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Activated sludge Sediment Clay
Compounds : = T = " =
K log Kp K log Kp K log Kp
1-Bromobutane 0.18 2.26 0.22 2.34 0.02 1.30
1.2-Dichloroethane 0.05 1.70 0.40 2.60 0.23 2.36
Ilodoethane 0.12 2.08 0.27 243 0.16 2.20
1.1.2.2-Tetrachloroethane 0.17 2.23 0.18 2.26 0.13 2.11
1.1.1-Trichloroethane 0.08 1.90 021 2.32 0.19 2.28
Trichloromethane 0.03 1.48 0.28 2.45 045 2.65
"K= sorption coefficient=(mg/g) at Ce= 1.0mg/ ¢
"log Kp = log (K- 1000)
Table 2. Desorption coeffcients and log Kp of activated sludge, sediment, and clay
Activated sludge Sediment Clay
Compounds : = : " ; -
K log Kp K log Kp K log Kp
1-Bromobutane 0.16 2.20 5.83 3.79 051 2.71
1.2-Dichloroethane 0.17 2.23 491 3.69 1.22 3.09
Iodoethane 0.20 2.30 1.64 321 0.74 2.87
1.1.2.2-Tetrachloroethane 0.15 2.18 476 3.68 0.73 2.86
1.1.1-Trichloroethane 0.16 2.20 1.29 3.11 1.00 3.00
Trichloromethane 0.17 2.23 2.63 3.42 1.08 3.03

* K= desorption coefficient=(mg/g) at Ce=1.0 mg/ £

"log Kp = log (K- 1000
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Table 3. Molecular connectivity indexes, octanol-water partition coefficients and molecular weights of test

compounds
Molecular Connectivity Indexes N -
Compound Name 0 1 2 3 0_v 1_v 2 v 3 logP MW
X X X X X X X X
1-Bromobutane 4121 2414 1354 0707 5082 3094 1834 1047 271 137.02
1.2-Dichloroethane 3414 1914 1.000 0500 3679 2101 1132 0641 1.48 98.96
Todoethane 2707 1414 0707 0000 4207 2475 1768 0.000 2.00 155.97
1.1.2.2~Tetrachloroethane | 5207 2561 2914 1061 5606 2641 3231 1110 2.39 167.85
1.1.1-Trichloroethane 4500 2000 3000 0000 487 2198 3621 0000 2.49 133.40
Trichloromethane 3577 1732 1732 0000 3974 1961 2221  0.000 1.94 119.38
" logP : octanol-water partition coefficient
* MW : molecular weight
Table 4. Comparison of correlation coefficients with
2-2 RujAS(log P Btk dld EA 7 various physicochemical properties
2 RAAAAFE A% XAFE Sl RE A2 Mer e B
- 3 .
1 94’ E%% E E}T;]:H HMO Eﬁ]z c‘)“] %ﬁ—‘% Solids Sorp | Desorp | Sorp | Desorp | Sorp | Desorp
7H?_]_‘g' 7\5‘%‘ 101 1 Microsoft EXCGI-’] 574] E“O]E]' tion(™ | tion(r | tion(t® | tion(rd) | tion(r™ | tion(r*)
BA) s @) o -
w4 ZzaYe olgdit. Activated gy | 086 | 047 | 027 | 058 | 000
Table 32258 & F %o], SEIFENE Sucee
AA ARG 2zt AFAME 09 oz ey Sediment{ 089 | 080 | 081 | 000 | 064 | 002
7] W&ol 6702 mApFhelAS(ty oA Oy Em Clay | 091 | 093 | 046 | 057 | 010 | 044
TV oA e ABRTARMA AAFYTT " MCI : molecular connectively index
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Zrol 0,

Jedoz upw
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** logP : octanol-water partition coefficient
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ARBA BHLE FA AA AEE E‘*—?o}b 7l gg-8 RujAlss 2AFE AR EAAAA
E2HQ gFMFIAYHE o &ste] FYPL, 2 S} FA APA IR FEHA FuAFY 3
P XA IAARNFT wARsd 58 g4 B AANF AT ABASTE Table 49 o
A1 Vel Al E & ¢ lFEe] EAAA
dukd o2 FAGABANA MF FFE A AFE ol &8 A AuAFI vE FrAY A
E Aol Fiale 54 A L%, SE&/E  #AS ot €53 =2 @S YehoE 2xd
Bl Aol g BAFo] F55 FHA Y AAFE o|£% FEE dFEY Ao gHAYAS
ol ARZAYAYG HE FEEE van der & F YA EAAAAF} Bl A F(og P9
Waals ¢18o] ZA &3y WEo FHFo] 2 gFHPIA o AFgelA A AL FaH
I, f7188Ey wherE olEsbsAdel ' AV Bt 89 RAQAXNFRE FHAAM &
Agol EAqte AT Fo] Fo¥ FFL vA AgHAE 'y, A% AL Oy, AEE 'y 7}
£ ez dad g™ Table 3dM F7HHQ maln galx fALHAE Oy, s AL
Table 5. Multiple regression results using MCI and log Kp
. Sorption Desorption

Solids - P - B s -

Equation r S Equation r SE

Activated sludge | log Kp = 067 'x¥ + 0.32 0.82 015 | log Kp = - 0.04 "x+ 240 0.86 0.02

Sediment log Kp = - 0.15 "x" + 311 0.89 004 | log Kp =046 "x" + 327 0.80 0.14

Clay log Kp = - 1.04 'x" + 466 091 0.15 log Kp = - 0.32 Y+ 370 093 0.04

2 N
' r° = correlation

coefficient

" SE = standard error
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Fig. 2. Comparision between experimentally deter-
mined and modeled value for the sorption
partition coefficients.
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