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Development of Practical Lumped Contaminant Modeling Approach
for Fate and Transport of Complex Organic Mixtures

Jin Chul Joo* - Ho-Myeon Song

Korea Institute of Construction Technology, Construction Environment Research Division

ABSTRACT

Both feasibility and accuracy of lumped approach to group 12 organic compounds in mixtures into a fewer number of
pseudocompounds in sorption processes were evaluated using mixtures containing organic compounds with various
physicochemical properties and low-surface-area mineral sorbents. The lumped approach for sorption to simulated mineral
sorbents was developed by cluster analysis from statistics. Using the lumped approach, the sorption estimated from both
reduced number of pseudocompounds and their sorption parameters (i.e., K; n) can approximate sorption behavior of
complex organic mixtures. Additionally, the pseudocompounds for various mixtures to different types of low-surface-area
mineral sorbents can be estimated a priori from the physicochemical properties of organic compound (i.e., v,’).
Therefore, the lumped approach may help to simplify the complex fate and transport model of organic contaminant
mixtures, reduce experimental efforts, and yet provide results that are statistically identical for practical purposes. Further
research is warranted to enhance the accuracy of lumped approach using the multiple regression analysis considering the
H-bonding capacity, site concentrations, functional groups for mineral sorbents.
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Table 1. Summary of expetimental conditions for sorption of organic compounds in mixtures to all simulated mineral sorbents

Experimental Conditions

Concentration of Each Stock Solution (pumol/L)*

Sorbates Test Number

1 2 3 4 5
1,2, 4-trichlorobenzene 50 100 50 68 60
1,4-dichlorobenzene 50 50 50 21 56
chlorobenzene 50 50 50 28 35
m-xylene 50 50 50 35 62
Toluene 50 50 50 89 34
Benzene 50 50 50 28 71
2.4-dimethyl phenol 50 50 50 50 52
p-cresol 50 50 50 16 36
phenol 50 50 50 82 54
2-hexanone 50 50 50 44 24
2-butanone 50 50 50 30 89
acetone 50 50 100 71 64
SUM 600 650 650 562 637

“Stock solutions were diluted as the same mole fraction for eight bottle point sorption isotherm
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Fig. 1. A schematic diagram illustrating the procedure of lumped approach for sorption of organic compounds in mixtures to simulated

aquifer sorbents.
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Table 2. Summary of lumped cluster assignments for sorption of neutral organic compounds in mixtures to a-FeOOH-coated sands

Sorbates

Test Number®

—

1,2,4-trichlorobenzene
1,4-dichlorobenzene
chlorobenzene
m-xylene

Toluene

Benzene
2,4-dimethyl phenol
p-cresol

phenol

2-hexanone
2-butanone

acetone
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°A, B, C, and D represent each pseudocompound to which organic compounds in mixtures are assigned based on cluster analysis.

Table 3. Summary of lumped cluster assignments for sorption of neutral organic compounds in mixtures to uncoated sands

Sorbates

Test Number®

[,

3

1,2 4-trichlorobenzene
1,4-dichlorobenzene
chlorobenzene
m-xylene

Toluene

Benzene

2,4-dimethy! phenol
p-cresol

phenol

2-hexanone
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acetone D
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*A, B, C, and D represent each pseudocompound to which organic compounds in mixtures are assigned based on cluster analysis.
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Table 4. Summary of lumped cluster assignments for sorption of neutral organic compounds in mixtures to Al,Os-coated sands

Test Number®

Sorbates

—

3

1,2,4-trichlorobenzene
1,4-dichlorobenzene
chlorobenzene
m-xylene

Toluene

Benzene
2,4-dimethyl phenol
p-cresol

phenol

2-hexanone
2-butanone

acetone
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°A, B, C, and D represent each pseudocompound to which organic compounds in mixtures are assigned based on cluster analysis.
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