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Reduction of PCBs in Contaminated Marine Sediments
by Using Fenton-like Reaction with Surfactants
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Abstract : Removal efficiency of PCBs in contaminated marine sediments treated by Fenton-like oxidation combined with surfactant
was investigated in this research in order to achieve remediation of PCBs. A washing treatment using various concentrations of
hydrogen peroxide (1% and 15%) and surfactants (Triton X-100, Tween 60 and Tween 80) was evaluated at various conditions in
laboratory scale experiments. The mean removal efficiencies of tPCBs varied from 24.1 to 46.7% in the sediments for 1 hour
duration of the treatments. The concentration of tPCBs in contaminated marine sediments after the simultaneous treatment with
hydrogen peroxide and surfactant satisfied the domestic environmental standards for the beneficial use of sediments. When suitable
surfactant was used for Fenton-like oxidation, the removal efficiency of tPCBs at low concentration of hydrogen peroxide was
similar to that at high hydrogen peroxide concentration. Thus the efficient removal of PCBs in contaminated marine sediments
could be achieved through treatment with Fenton-like oxidation combined with surfactant washing.
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g dw2 3] €& & magnetic stirrerE ©o]-83}o] uxks}
o ¥hEAIF T}

ChFSE s o] AbskAel oy FRol AHUEdAel Hegst
o] A A] A& H|WE $)3}e] Triton X-100, Tween” 60
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Table 1. The conditions of treatments for marine sediments with
Ho0O,, KMNnQOq, Triton X-100, Tween 60 and Tween 80

Conditions of treatments
0.5% Triton X-100

15% Hy0»
1 M KMnO,
1% H>02 + 0.5% Triton X-100
Concentrations . .
in Mili-Q 1% H20, + 0.5% Tween 60

1% HoO2 + 0.5% Tween 80
15% H205 + 0,5% Triton X-100
15% H20z + 0.5% Tween 60
15% H202 + 0.5% Tween 80
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Table 2. Method detection limit of PCB congeners

Congener number Method detection limit a (ng/g)

8 0,028
18 0.061
28 0,037
44 0.047
52 0.043
60 0.042
101 0.049
105 0.041
118 0.052
128 0.036
138 0.045
153 0.042
170 0.019
180 0.031
187 0.036
195 0.036
206 0.036
209 0.031

Sigma-Aldrich) 2 g-anhydrous sodium sulfate (Sigma-Aldrich)
6 go] 75 glass column ZH-E 0|83} n-hexane 100
mLE 8&3th 559 ANae Ie8E AA7]A](99.999
%)E °l-&3to] 1 mL7HA] H5A17]11 WiEEEE TCMX
(2,3,4,6-Tetrachlorometaxylene, Chemservice, USA) 100 ng
2 F9Y & o3 GC-ECD (6890N, Agilent, USA)E A&-5}
SR

H oJ o A+= PCB 8, 18, 15, 28, 44, 52, 60, 101, 105,
118, 128, 138, 153, 157, 170, 180, 195, 206, 2095 &4}
Fow, o]59 LA S F HjE tPCBs (total PCBS)E
xA Y E? AZESHA= 0.019~0.061 ng/go| Tt A - W
A4S 9jato] NISTS] jpe 42 HEE2 194162 2L )
oz FAlof EAst o NIST|A A|AlE PCBs 5=

el AA S4EH T 81~136%%th 7t I HE%t
Al Table 20 UER 1T

|22 U PCBs¢} TOC =9 AWUBAZS 27| $5}o]
Pearson’s correlation analysisS A| 23} o A2 PASW

18 57122 ol g5tk

EAE e FrE 4582 dx 9 FH3tE A RE &
L7 Z2THA DALY ] HA e LE | X-Ray Diffractometer

(XRD)}EAH & ofate] B4t

3. 411 % E9|

3. 4 st szl £
3.1.1. IRl K7|EIA B

HAE Ane) YEenst oty S4L F

0x

ig. 11} Table 3

Journal of KSEE | Vol.37, No.é | June, 2015



J. Korean Soc. Environ, Eng.
FAHHE SE30} A HEAH|of| 2fst s 2E|AZ2| PCBs &t

5654 95.5 99.0 99.9 100.0 100.0
80 -
o\o 60 -
407 CComponent (%)
—&— Cumulative percentage of mass (%)
20 A
NN -
IS N N
N N o BN & P
> i) & Q . 7
SR S
Grain ssize

Fig. 1. Grain size distribution (wt%).

Table 3. Physio-chemical characteristics of collected sediments

Gransize tPCBs” COD IL  AVS TOC TN WC Fe
fraction (um) (ng/g) (mg/g) (%) (mg/g) (%) (%) (%) (%)
»1,000 - - - - - -
500-1,000 - - - - -
250500 - 47 3 - 94 025 - 19
125250 - 25 10 - 23 011 - 33
63-125 184 41 12 - 24 015 - 34
3263 213 3 12 - 23 018 - 33
(32 289 40 16 - 31 029 - 39
Bulk 290 39 15 50 28 024 51 35

- " Not analyzed

¥ tPCBs: The sum of 18 congeners (PCB 8, 18, 15, 28, 44, 52, 60,
101, 105, 118, 128, 138, 153, 157, 170, 180, 195, 206 and 209)
multiplied by a standard factor of two®
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Fig. 2. The mean concentrations of Individual PCBs and PCB homologue groups in different grain size fractions,
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Table 4. Standard level for the beneficial use of sediments in

Korea

Contents Standard level
TN 1,500 mg/kg

S7PCBs? 23 ng/g

? 517PCB: Sum of PCB 28, 52, 101, 118, 138, 153, 180
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Fig. 3. The concentration of PCBs in various grain size fraction

(¢(82, 32-63 um and bulk) of pre-treatment sediments
(control) and post-treatment sediments,
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Fig. 4. Removal efficiency of total organic carbon (TOC) in dif-
ferent grain size fractions of sediment using various
complexation regents, An aliquot of 30 g of sediment
was used in each batch of experiment and the reac-
tion time is 1 h,

Table 5. The removal efficiencies of tPCBs in the grain size
fractions and the mean concentrations of tPCBs in
sediments treated with H.O, and surfactants

Removal efficiencies of tPCBs Mean con-
Conditions of in the grain size fractions (%) centrations
treatments - - of tPCBs
(32 32-63 63-125 Mean-SD
um um (ng/q)
Control 100 100 100 100+0 299
15% HoO» -435 -801 - 618 399
05% tritonx 100 262 -576 - -419 355
1% H202 +05%
: + +
Triton X-100 292 433 474 400+78 142+32
0, 0O,
1% 0+ 05% 436 647 (0 3614270 149+91
Tween 60
0, 0,
1% H0: +05% o g59 507 4354275 136+46
Tween 80
15% H202 +05%
: + +
Triton X-100 <0 488 234 241+199 123+638
15% H20, +
+ +
0.5% Tween 60 535 679 187 467+207 77+83
(o)
15% HaOs + (0 485 396 204211 122427

0.5% Tween 80

“-”: Not measured
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