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ABSTRACT : This paper investigates the stabilization feasibility of contaminated sediment contaminated with benzyl butyl phthalate
(BBP) using acid/base-modified activated carbon. The efficiency of stabilizers was evaluated by analyzing the impact of the activated
carbon on the decomposition and adsorption of the contaminant, along with the biological effects on earthworms. Additionally, the
contaminant migration was monitored with the BBP concentration in pore water using low-density polyethylene. The research results
indicated that the accumulated concentration of BBP was approximately 2% lower in the experimental group applying a 5% mixture
ratio of modified activated carbon compared to the group applying a 10% mixture ratio. The leaching into water was reduced by
over 18% in all experimental conditions after 7-day exposure period. Over 25% reduction was observed after 28-day exposure. The
pore water concentrations were measured. After 7 days of exposure, the mechanically mixed experimental group exhibited a higher
pore water stabilization rate compared to the biologically mixed group. Within the mechanically mixed group, the experimental group
with 10% mixture of modified activated carbon showed a 1% higher stabilization rate than the group with 5% mixture. After 28
days of exposure, the biologically mixed experimental group demonstrated a higher pore water stabilization rate compared to the
mechanically mixed group. Moreover, within the biologically mixed group, the experimental group with 10% mixture of modified
activated carbon showed approximately 0.1% higher stabilization rate than the group with 5% mixture.
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Fig. 1. XPS results of the modified activated carbon
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Fig. 2. XRD results of the modified activated carbon
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Fig. 3. FT—IR results of modified activated carbon

Table 1. BET results of the modified activated carbon

Existing capacity New capacity
modified modified
BET Surface Area (mz/g) 972 1,011
Pore Volume (m3/g) 0.68 0.707
Pore Size (nm) 2.13 2.13

Table 2. Zeta potential of the modified activated carbon
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2.1.2 Low—density polyethylene(LDPE)

+3 WS HME

H71e9Ede] 24 9s) LDPE HES A3t A
& 5.5em] Y# T 2.5em x 15em(7F2 x A|2)E LDPES
A2 T AHE Astdet AlEe Frel] DAY =

99.5% 3|4k} LDPES &35t} £74& 2o & Wi/ E
o]-g-3}t0] ArLof A 24 A7k WHISE & LDPE= EAFIL &
AR mEbd F, 2 g0l SARl A FE)IgE obAlEo

Esto] Qg Hol7io] 3A17E wkekh S ub

e Aol oMIES webY 3, LDPES 27 S5l
38] AL, HAR] A%71% ol3le] 60°C o] 244]
7k AZ3hck A|FS v LDPEE: 3 7] 2ol 2em 7}
Aoz 248 3, UP LDPEE 332 AAA 29
Aparo] WE|E Bob 4% AlZelz ol gk

2.1.3 OECD water M=

= Age] o] 8H 52 AA gE BARE &
waterS ARE-SFRITE AIZF RS 89 1L 7] 2
IL, CaCly2H,0 11.76g, MgSO,-7TH,0 4.93g, NaHCO; 2.59g,
KCI 023gS 1L Hu] Zahazo] Wi 2447k wulsto] A
2hgitt. & Ag ol A= A2kt OECD water -85 404)] 3]
AstaL 1Y o Z7]ske] ARg-sHGITh

ool OECD

}..Z_

Journal of the Korean Geo-Environmental Society Vol. 25, Issue 5, May 2024 >> 7



2.1.4 Lumbriculus variegatus

2 Ao AMERE o] &5= e Aol wid
o] 7Fseh o] o VI, WhE WAS=7](Mount et al,
2006), & B4 WIFHES A3 7| 2] B4R Hop
v 7} st BEed 9 S JFE7E flste] dis
2O 2 o| &%= Lumbriculus variegatus S ©]-83Fc} A3
off o] &&7] A, 20£0.5°Co] iYf 5=, 16/8A17t9] F5=71,
9)20)0]] 33] OECD water® $H4= 1l o] = o] A

£7) Aol A4 B 24t

N

2 M3

2.2.1 Microcosm &
A5 6cm, =0] 15cm PEFH o= = 82 A% 2] microcosm
8712 Ao] o]k 871 el B §28 WA
A3l st tifje]] |22 glo|ZE 33] -2 F microcosm
of 71931 R-E vietEE o R 23] =t AFef o]&H
= EEE R ok Al QREe] HAES X T A
B3I A= HARS] HST-502M 2715 ARg-sle] 80°C
o 6417F oV 7% T 2mm 79| QYA o83 <
=) tol Zefstainh. Attel AzE HAEE Fs
B5014 E5IT S0mL HHo] 2008 A5t &
Gtk AFHS flsl SAtllA F-U%t == 98% BBP
OMA|E 250mL e}t E3Fste] =<l F, H
ES A 92 FRel Ral 54 Eof F= QoA
HH7] = 24 A7 wRkehe), 7S dof 3AI7E F%F obAlE

o] SIS B 7, Aol & A HAL FE ol 244

=
r]I,
o
N
ob
ol

Bl M o
wn
S~
>
=2
>
-
o
ot

K1
Hu
w
S
s
i3
to
o2
i)
i,
2
i
(@)
o
=3
le)
o
=1
g
=3
=
172]
o
=3
8
O
=
it
i)

GARSE 7S lab-scale 2 AR Q8 &

o EZHE 8cme} OECD water 250mLE £-11 24 A]7F OFA
s} 71248 AR ZF Lumbriculus variegatus 200tE]E g o]
control 2 AZ}sIATY. Lumbriculus variegatus 2] --5-0
G Eelstr] Yol control oA Lumbriculus variegatus

=

— =

£ ARl A ARt oAl o] Syt =
’c;sjl—

2emi= QPSS Rkt EatEE 98 AJEEF(Bio mixing)
131 3toll= OECD water

=
S A% ¥, LDPE &

7}

oAM= 7, 14, 21, 287t &%) %Ig¥2ith. Microcosm 2] A5

4= ujd OECD water 30mLE #h=3}e] A 218Y35}+9]
9]

ok At o 9 AR oklel Aoz AYstech

B
et

Table 3. Experimental set—up in this research

Contaminant sediment 8cm +
. . — Control
Lumbriculus variegatus

Contaminant sediment 8cm — Control without worm

Stabilizer 5% mixed contaminant . .
. . . — Mechanical mixing 5%
sediment 2cm + Lumbriculus variegatus

Stabilizer 10% mixed contaminant . .
. . . —  Mechanical mixing 10%
sediment 2cm + Lumbriculus variegatus

Contaminant sediment 6cm + stabilizer
5% mixed contaminant sediment 2cm + — Bio mixing 5%
Lumbriculus variegatus

Contaminant sediment 6¢cm + stabilizer
10% mixed contaminant sediment 2cm — Bio mixing 10%
+ Lumbriculus variegatus
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28 days

E7] gEY 7FsA E5F EASHHLin et al., 2014). 7Y
o] 4] control without worm2- 7|Z& 22 control©] 4.2% T
o] A EQUI, 28U M= 0.1% E A=k o5 5
3l Lumbriculus variegatus®] <A|7} nju|glt FekS Grish
Slovt, AT LR 0.19%2] Afo] mos]o] njulgt et
o] 2 AR AAETE ool Lumbriculus variegatus©]
ofgt Rk Rk Wk R4S AsHc

. 8 LDPEE o|gslo] B¢ 3= U9 #7]2d=

]

1

d

Fig
A 5= BA T zoltt £ AR HF BE /719
28 F9] eHsHA| B F7HE WSk ffsiA 7Yt &
At Anpgrat 28U SAT Ao F55 v 24
A3tk T v wIkr). el AT w1} v
= 71 7L ST F5 ol LEFK A o
e e IRE 287 AT B2 FES Lt

Il Control without worm

1 ® [ control
AL . Bl Vechanical mixing 5%

I3 B8 Mechanical mixing 10%

S o o B Bio mixing 5%

H_T Il Bio mixing 10%

£,

o

c

Q

o

o

)

om 1
O, o 2

Q'b«% ',bo_fb M A O ’5\6 o pO '5'\b‘

Q, Q; Q;

Fig. 8. BBP concentration in pore water at different mixing

]

& AT} = control¥} Lumbriculus variegatus7} Y= A&
o H|3L A, control 2T} Lumbriculus variegatus7} Q= A
to] oF 4% t] A7ME A0S Uehoick ol Lumbriculus
variegatus 2] 50 2J3| EoFo] metE|o] BBP7} 34
of & 225 o] ofs) LeRd Avteka ket Control
I 71AES 5%, 71 AET 10%, BEET 5%, =T
10% B Al, ZH7ko] A7F Amis oF 84.8%, 86.2%, 83.1%,
85.8% A7 4TS vehec 2E ohgaky B9 43
oA 80% ol el Aol ElElom, 7 A& ¢
s}go] HFHOR o 05% o & A &S Bk ke
= 7|17 28 A} = control} Lumbriculus variegatus7}
= A v A, Lumbriculus variegatus7} Q= A8t
Rt} controlo] oF 2% t] AHE AzkE Uitk o]
QXL BBP7} Lumbriculus variegatus 2] Z-5-0] 23] &4
A(Wang et al, 2023)0] |3 Lepc Anela giekel
Control3} 7| A1 &%} 5%, 7174 10%, BEE3 5%, e
SF10% Bl A], ZFo] A7t Am= oF 84.4%, 87.4%, 87.6%,
87.7% A3E AyE YehSIth B QHYsHA| &9t A7
Ol A 80% o] el Azde] ElEglom, el %
FHOR o 1% U] B AY BEE Rk F 4Y /7
of vl A3t 0.5%004 1% Afolehs 22 A7 &8 Ao
£ ok

e

i)

ol

4.3 B

£ Aol A7) ARBAEE QPSR o g5tof
#7122 BBPo] G HAE0] oS} AT

shoich AZe AT BRI ok ST A ag
e BHEEE %ok 1% TR AE, 5 o

2 JPAe e B e A8 S TEstck

T

Journal of the Korean Geo-Environmental Society Vol. 25, Issue 5, May 2024 >> 11



NAZAERS: E5F81A] o8 ME-2 Lumbriculus variegatus
24 o] wheh RS 67110 MBS ARk &
Z50} F=4, Lumbriculus variegatus AW 2] BBP 7|
s 243V, Lumbriculus variegatus®] HEES =
HBe AL SHSHAT,

2= AZE9 Lumbriculus variegatus Z8-2 90% ©]A+

o 432 Holw] QPP AERS ekt 2ltHOECD.,
2004). AU BBP &&5E== 10% &3]3 #8351 A3
Tk 5% SRS AT ARTo] 26 o e HEw
AEwe e Qg Auke Uehglch §%42) BBP
BEE BE = /o] Be ala 23 S 10%
o) R} b w0l BRI, 1 e sts
H

ol BESF 5%t 1.3%eH= 2 2jo|S Ho|x| ¢grh
e 77 280 9) AIEgE va A mE V)AEF A
o] MYIT} 7w A Vbt e, 7P e bstE B
ol EEF 5%9} 1.3%eH 2 o] 2 HolR] ket &

0] 15%713 79 & ﬁﬂr Hh&} iﬁﬂ s 28%‘

Fto] s%E ?JHP 7|AEF AR l;%
TS Kotk =a7I3 28U £ A= J§
Aol 71AET APTET £ IS Bylon,
°F 0.1% 2P| = 10%E E31et dAto] s%s Eoet 43
TR 2 PYEReE Bolrk 2o wE °P<é§} a
o] Aoli= et 1L Aol7} 3% uintelw = <l
&2 80% olde HERlch

F
2 oo

i%nﬁo =]

BHEE ANBES] BEo Glo] Aol BUH JFL
FAR Azl 2 GFol gt JoE Felstgon, B
Ae| A3 E3 OECDE] 7|70 ufe} mE 271004 90%
ol AES Bellel YBA) e AEE Wahe
i Aom WAt 55 edsEs I35 09k
% 2RFUE FPA A3 T ABIA 943 e}
5 Holt Eg} Egulgol thEA ettt ch,

&

1 Aol 19%-3% vlnlshe] ATe] Eaulgo] Sk
5% H2E R orzalo] Fakue] ARl o

= e stk AR HAE S Boke ), 714
Astel 1 AR s g $Ixe] Ak
Eore E3fo] o]Roix7] olels] - Aol Hat AT
Bare] Alelel AR Ao o] RoiqnE BB %
A w3 TR 4 Qlrka wekEn] 4B ot B3

EABER 7 AEG FA2) 5% A £
o] ¥ 4% Bio] A3 ol WHEch B r e

Bo) WA T EAE Yol iy 2 Aol
g FHHA GFol nA 5 U Ao W

£ AT aiE o) §3 7] @B 2@ H
HE B2 93 PuE AT

10.

11.

References

. Abel, S. and Akkanen, J. (2019), Novel, activated carbon-based

material for in-situ remediation of contaminated sediments,
Environmental science & technology, Vol. 53, No. 6, pp. 3217~
3224.

. Choi, Y., Thompson, J. M., Lin, D., Cho, Y. M., Ismail, N. S.,

Hsieh, C. H. and Luthy, R. G. (2016), Secondary environmental
impacts of remedial alternatives for sediment contaminated with
hydrophobic organic contaminants, Journal of hazardous materials,
Vol. 304, pp. 352~359.

. Harwood, A. D., Nutile, S. A. and Simpson, A. M. (2022), A

comparison of activated carbon remediation success in floodplain
soils contaminated with DDT and its metabolites using ex situ
and in situ experimentation, Environmental Pollution, Vol. 295,
118687. pp. 1~8.

. Hong, S. H., Hwang, S., Lee, C. G. and Park, S. J. (2023),

Stabilization of As-contaminated dredged sediment using Al-and
Fe-impregnated food waste biochar, Journal of Soils and Sediments,
Vol. 23, pp. 2628~2640.

. Kim, D., Kim, C., Chun, B. and Park, J. W. (2012), Enhanced

heavy metal sorption by surface-oxidized activated carbon does
not affect the PAH sequestration in sediments, Water, Air, &
Soil Pollution, Vol. 223, pp. 3195~3206.

. Kim, D., Min, J., Yoo, J. Y. and Park, J. W. (2014), Eisenia

fetida growth inhibition by amended activated carbon causes
less bioaccumulation of heavy metals, Journal of soils and
sediments, Vol. 14, pp. 1766~1773.

. Kupryianchyk, D., Noori, A., Rakowska, M. 1., Grotenhuis, J.

T. C. and Koelmans, A. A. (2013), Bioturbation and dissolved
organic matter enhance contaminant fluxes from sediment treated
with powdered and granular activated carbon, Environmental
science & technology, Vol. 47, No. 10, pp. 5092~5100.

. Lin, D., Cho, Y. M., Werner, D. and Luthy, R. G. (2014),

Bioturbation delays attenuation of DDT by clean sediment cap
but promotes sequestration by thin-layered activated carbon,
Environmental science & technology, Vol. 48, No. 2, pp.
1175~1183.

. Mohan, R. K., Brown, M. P. and Barnes, C. R. (2000), Design

criteria and theoretical basis for capping contaminated marine
sediments, Applied ocean research, Vol. 22, No. 2, pp. 85~93.
Mount, D. R., Highland, T. L., Mattson, V. R., Dawson, T. D.,
Lott, K. G. and Ingersoll, C. G. (2006), Use of the oligochaete,
Lumbriculus variegatus, as a prey organism for toxicant exposure
of fish through the diet, Environmental Toxicology and Chemistry:
An International Journal, Vol. 25, No. 10, pp. 2760~2767.

Nasrullah, A., Bhat, A. H., Naeem, A., Isa, M. H. and Danish, M.
(2018), High surface area mesoporous activated carbon-alginate
beads for efficient removal of methylene blue, International
journal of biological macromolecules, Vol. 107, pp. 1792~1799.

12 Applications of Acid/Base Modified Activated Carbon for Stabilization of Sediment Contaminated with Organic Compounds



12.

13.

14.

15.

16.

Oen, A. M., Beckingham, B., Ghosh, U., Krusa, M. E., Luthy,
R. G., Hartnik, T., ... and Cornelissen, G. (2012), Sorption of
organic compounds to fresh and field-aged activated carbons
in soils and sediments, Environmental science & technology,
Vol. 46, No. 2, pp. 810~817.

Organisation for Economic Co-operation and Development. (2004),
Test No. 222: Earthworm Reproduction Test (Eisenia Fetida/Eisenia
Andrei), OECD Publishing.

Paquette, E., Giacalone, J. P., Fumo, M. and Roy, N. M. (2024),
Butyl Benzyl Phthalate (BBP) Disrupts Neuromast Development
in Embryonic Zebrafish, Environmental Toxicology and Pharmacology,
104392. pp. 1~4.

Srivastava, A., Gupta, B., Majumder, A., Gupta, A. K. and
Nimbhorkar, S. K. (2021), A comprehensive review on the
synthesis, performance, modifications, and regeneration of activated
carbon for the adsorptive removal of various water pollutants,
Journal of Environmental Chemical Engineering, Vol. 9, No.
5, 106177, pp. 1~29.

Vandenbossche, M., Jimenez, M., Casetta, M. and Traisnel, M.
(2015), Remediation of heavy metals by biomolecules: a review,
Critical Reviews in Environmental Science and Technology,

17.

18.

19.

20.

21.

Vol. 45, No. 15, pp. 1644~1704.

Wang, J., Deng, J., Chen, Z., Zhang, L., Shi, L., Zhang, X.,
.. and Chen, Y. (2023), Effects of biochar on earthworms
during remediation of potentially toxic elements contaminated
soils, Chemosphere, Vol. 338, 139487. pp. 1~11.

Yan, J. and Li, F. (2023), Effects of sediment dredging on
freshwater system: a comprehensive review, Environmental Science
and Pollution Research, Vol. 30, No. 57, pp. 119612~119626.
Yates, R. E., Arkles, M. E. and Harwood, A. D. (2023), Does
Activated Carbon Used for Soil Remediation Impact Eisenia
fetida?, Environmental Toxicology and Chemistry, Vol. 42, No.
6, pp. 1420~1430.

Zhao, C., Ge, L., Mai, L., Li, X., Chen, S., Li, Q., ... and Xu,
C. (2023), Review on coal-based activated carbon: Preparation,
modification, application, regeneration, and perspectives, Energy
& Fuels, Vol. 37, No. 16, pp. 11622~11642.

Zheng, X., Zhang, B. T. and Teng, Y. (2014), Distribution of
phthalate acid esters in lakes of Beijing and its relationship
with anthropogenic activities, Science of the Total Environment,
Vol. 476, pp. 107~113.

Journal of the Korean Geo-Environmental Society Vol. 25, Issue 5, May 2024 13





