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This study was performed :

1) to establish the experimental analysis conditions for the sorption and

desorption of toxic organic contaminants to/from the activated sludge, sediment, and clay, and 2) to determine
the sorption and desorption equilibrium coefficients of some representative halogenated aliphatic compounds.
Through the preliminary sorption test using Azo dye, a setting of quantitative experimental conditions to
determine the sorption and desorption characteristics was decided as follows; equilibration time of 180 minutes,
centrifuge for 15 minutes at 5000xg, and 500mg/ £ of TOC concentration. The sorption and desorption
characteristics of halogenated aliphatic compounds onto activated sludge, sediment and clay could be described
very well using the Freundlich isotherm. The preference of the average sorption capacity of the overall
compounds showed in the sequence sediment 0.26mg/g, clay 0.23mg/g, and activated siudge 0.1lmg/g. The
desorption rate of the sorbed compounds onto activated sludge, sediment and clay was approximately 89.8%,

35.3%, and 66.4%, respectively.
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Table 1. Physicochemical properties of the activated
sludge, sediment, and clay

Adsor | pH | Soll Separated®8) | oM’ | CcEC | TOC| COD
“bents | (15) | Cpay | Silt [ Sana| @) | (cmollke) | (%6) | (uerhe)
gﬁ;;wd 671 - | - | - |uss| - |er8] 108
Sediment | 79 ( 275 | 665 | 70 | 4550 | 15650 | 264 | 104877
Clay |74 |465|400]|135] 20 | 23 |oi6 578

*OM : organic matter content
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Table 2. Description for selected compounds

Chemical Molecular .

Compound Name Formula Weight log P

~ "CH3-CHz-CHs
1-Bromobutane CHBr 13702 21
.1.2-Dichloroethane CHCI-CHLCI BAH 148
Todoethane CHs-CHal 15697 2.00
1.1.2.2-Tetrachloroethane CHCl-CHCl, 167.85 2.39
1.1.1.-Trichloroethane CHs-CCly 13340 2.49
Trichloromethane CHCl 11938 1.4

(log P* : octanol-water partition coefficient)
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Fig. 1. Kinetics of sorption of azo dye 151 on

activated sludge, sediment, and clay (Concen-
tration of aze dye is constant and solids
concentration varied),
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Fig. 2. Kinetics of sorption of azo dye 151 on
activated sludge, sediment and clay(Concentra-
tion of solids is constant, azo dye concentration
varied).
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v
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v
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v

Centrifuge sample tubes for 15 mins at

5000X% g, 20C. Analyze supernatant
for target compound

v
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tubes in water

v

Shake on shaker bath for 3 hrs,
20°C, 200 RPM
v

Centrifuge sample tubes for 15 mins at
5000x g, 20C. Analyze supernatant
for target compound

Fig. 3. Experimental protocol used for quantifying
sorption and desorption processes.
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Fig. 4. Sorption isotherm for 6 representative haloge-
nated aliphatic compounds onto (a) activated
sludge, (b) sediment, and (c) clay.

Table 3. Freundlich isotherm equations showing sorption behavior of 6 representative halogenated aliphatic
compounds onto activated sludge, sediment, and clay

Activated sludge Sediment Clay
Compounds - 5 - -

Equation T Equation 7 Equation Z [
1-Bromobutane log ( ﬁ )=0.78log(Ce)+log(0.18 | 0.93 | log( % )=1.34log(Ce)+log(0.22)| 0.86 | log (7 )=1.31log(Ce)+log(0.02)} 0.89
1.2-Dichloroethane | log(-)=0.99log(Ce)+log(0.05 | 0.97 | log( 2)=0.92log(Ce)+log (0.40)| 0.95| log ( —-)=081log(Ce)+log(0.23)] 0.99
Todoethane Iog(%)=1.17[0g(Ce)+10g(0.12 0.96 Iog(-r'};*)=0.77log (Ce)+log(0.27)] 0.95 log(-:;(l-)=0.9810g(Ce)+log(0.16) 0.98
1.1.2.2-
Tetrachloroethane log(ﬁ):O.BIlog(Ce)+log(O.17 0.95 log(%)=1.0810g(Ce)+10g(0.18) 0.92 log(ﬁ):O‘Bﬁlog(Ce)ﬂog(O.lB) 0.87
1.1.1-
Trichloroethane 1og(ﬁ)=1.1010g(Ce)+log(0.08 0.85 log(ﬁ*)=0.7910g(Cc)+10g(0‘21) 0.97 log(%)=048410g(Ce)+10g(0.19) 0.92
Trichloromethane log ( —::l— )=1.41log{Ce)+log(0.03{ 0.93( log( -::—1 }=0.9310g(Ce) +10g(0.28)| 0.90| log( % }=0.6Tlog(Ce)+log(0.45)] 0.97
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Table 4. Sorption capacity onto activated sludge,
sediment, and clay

Sorption capacity(K)(ng/g)"

Compound ‘tﬁlgszed Sediment Clay
1-Bromobutane 0.18 022 0.02
1.2-Dichloroethane 0.05 040 023
Todoethane 012 027 0.16
1.1.2.2.-Tetrachloroethane 017 0.18 0.13
1.1.1-Trichloroethane 0.08 021 0.19
Trichloromethane 0.03 028 045
Average 0.11 0.26 020

K = sorption coefficient = (ﬁ) at Ce=1.0mg/ ¢
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Fig. 5.

Desorption

isotherm for 6 representative

halogenated aliphatic compounds onto (a)
activated sludge, (b) sediment, and (c) clay.

Table 5. Freundlich isotherm equations showing desorption behavior of 6 representative halogenated aliphatic

compounds from activated sludge, sediment, and clay
Activated sludge Sediment Clay

Compounds - . - . - .
Equation r Equation r Equation r

1-Bromobutane log (71-)=0.46l0g(Ce)+log(0.16) | 093 mg(§)=0.331og((:e)+1og(5.83> 0.84 log(%’)=12010g(0e)+log(0.51) 095
1.2-Dichloroethane log (-)=0.58log(Ce)+log(0.17) | 0.98 | log (-%-)=0.26log(Ce)+log(4.91) | 0.96 | log () =0.94log(Ce)+log(1.22) | 0.74
Iodoethane log (2-)~0.41l0g(Ce)+10g(0.20) | 087 | log (-)=0.65log(Ce)+log(1.64) | 1.00 | log (Z-)=1.12log(Ce)+log(0.74) | 0.76
1.1.2.2-Tetrachloroethane log(%)=0,4010g(€e)+l0g(0.15) 0.86 log(ﬁ'):0.3110g(Ce)+l0g(4.76) 096 log(ﬁ)=0.29log(€e)+log(0.’73) 094
1.1.1-Trichloroethane log (7-)=0.24log(Ce)+log(0.16) | 087 | log (Z-)=091log(Ce)+log(1.29) | 0.84 | log (Z-)=057log(Ce)+log(1.00) | 0.86
Trichloromethane 1og(ﬁ)=o.521og<Ce>+1og(o.17> 0.80 1og(;’]‘1—)=o.3310g(Ce)+1og(2.63) 0.83 log(%):O.%log(Ce)ﬂog(l.OS) 0.94
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Table 6. Desorption ratios of the sorbed compounds
from activated sludge, sediment, and clay

Desorption ratio (%)

Compound Activatec

sludge
910
87.3
90.9
913
889
89.5
89.8

Sediment Clay

83.0
61.3
725
57.3
60.5
63.6
66.4

213
215
49.8
176
59.2
36.1
35.3

1-Bromobutane
1.2-Dichloroethane

Iodoethane
1.1.2.2 - Tetrachloroethan
1.1.1-Trichloroethane

Trichloromethane

Average
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