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2 2R AFgE FHELE o] &3l IR oz FEE I HNSE dFA tEEy] A Ve NRe BHog &8 v}
S FAELY 210 HESL A4 23S AEIT dA A7)E 1% HELES Yo r I S22 49, Y
HNSZE 7% SZZXE(CHCL) dig F283s 2484 75 A (lab-scale test) o2 543} £ 75 et E diste] /3l
EA8EY 85 A998 AAEY 8§59 FEd 39S A 48k Pt 374S = (Mean particle-settling velocity) = 0.5~8 cm/secS]
W2 820 mesh B5-5 A8t YAl A7|7F 45 AASE L Ukow, SRR X F Oig FAEELS GAZ L S5 &
HA o] gojx FrbE Atk 3 A £ F 23k 24V A HelS A% FAELTHY §F 4 AP >100 meshe] T A=
AEFEA A7) ol Az B2 (As)7t FHYA VI EEG =311, $EHF AN E DF(Cr), oFAZn), V(As)7F THE A4 e ol 1] 8
e FRE EEHAT SRS, 58 FEHoR adste] d% A

4 753 S A E 20-60, 20-40,
& 7+7} 0.82, 0.90, 1.28 ton/k( ©]T}.

Abstract @ We experimented with the particle-settling velocity and CHCl; absorption efficiency of seven activated-carbon and analyzed seven heavy metal
contents by elution for application to the field treatment of sunken HNS on the marine seabed. The mean particle-settling velocity was in the range 0.5-8
cm/s, except when the 8-20 mesh was used. The larger the HNS particle, the faster the particle-settling velocity was, and the CHCl; absorption efficiency
increased considerably owing to the larger surface area. In addition, the elution test results showed that the total Zn and As contents in >100-meshed
activated carbon was higher than the contents criteria for the standard for water-treatment agents, and Cr, Zn, and As were released at higher
concentrations than those released by other activated-carbon groups. Taken together, the CHCl; absorption efficiency, settling velocity, and elution test
results suggested that the 20-60, 20-40, and 2mmd&down mesh activated-carbon adsorbents could be applied to the field treatment of HNSs and that the
minimum required amount for field treatment were 0.82, 0.90, and 1.28 ton/k(, respectively, as calculated based on the HNS-adsorption-capacity priority.
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stetEdFE st =A A F9F SR ls)
okt et dEo] Y} E o r 55 I THUNCTAD,
2016; Yoon et al., 2018; KMI, 2018; KMST, 2020). 3}8}= 2 &
% 53] 98 7315 % (Hazadous noxious substances, HNS)<
F 2 2014-201513%F ©F 9,0007HE0] & H A, v W 1
TF 7k A Abare] gk IR AA T wS
<7kt A EH(Chun et al., 2019; Kim et al., 2019).

HNSE= alF el - Al sl A<, A 2 QA
FaL, 71eF FEAQ G &8l FE =
222 gojd 4 ZA(IMO, 2000), A
= o|F B3t 546 wet i
, 71215 %), 7B %), (2 %)
Aoz dHA AUTh(Lee et al, 2012).

5 F AR HAstE ONSTFE SdFA (=
<0.1%), siFHot HlFo] AN A F AAEAZFT el A
Ao R FsM dTFS F steAol U] W, =
A7 TFIMOYE E3Hato] frol A= AAl, HNS 913014
719ke] #E] A EA A4, A DBTH H od7]E Y
Soll @3 opekdt A5 Waystal 9lth(Harold et al., 2014
ITOPF, 2014; Cunha et al., 2016).

53], dx40 JAANSTFA L¥E= A3t f7]8vF
(Chlorinated solvent) % %33} & @l (Methylene Chloride), 222X
S{(Chloroform), E2]& =2 2o & (Trichloro etylene), ¥ =]
€l @l (Perchloroethylene), Ell E 22 2 = v €F(Tetrachloro Methane)
T A 4, AN A H e T AWs UE v
A0l A= EFEZ A Moran et al, 2007), -2 X F
71Z=(SEBO)CN A 45k the el & 1000] 3t ol E3H
ol a1, ol F EREEELS FH FudlolA 201420151
g5 HNSHFE T T 1587 B9 A9 E A4
g AFANME #AE A5 B o JTH(Kim
et al, 2016).
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A4 wulel= A HNST Abatel] digh of-g 2 W
A 5] dE AHAATE FHE AR Lk Tl o], s
ETE T/ & AAaEA A4S vid Frleka ol
oAl =7HA AR o] A=A g/ SA A 5ol 3
B AlFE Aoz FhdEthKim et al, 2019).

A3t {71 8vlFE FERNESS o] &3te] FAAA e
gt = A tH(Roebers et al., 1988; Cornelissen et al., 2011). A
BAaE S83 QAFEAEY A, SddoRNEH e A7
9 FA gt de] dPAFEo] ojn| HiH vl i

(Cornelissen et al., 2011; Choi et al., 2014; Thompson et al.,
2016), A2 T WA wEE o2 REZ A|Zto] Al&E)

1, uhgzglo] Heshy, v JFEe] B ¥ o,
AAol S5, e Pl A3 AF 4§l Fe
3 Aol g

a 25 o] &3 444 (Hydrophobic)®] &
718 F AALl dFHE 7154 S Lab-scale testS 53

7% BB AEEe FAEFS 4PAR, A%
%9 A AE] ol 23 0 b el 8] BAY
W 8% 3L 4% BASY o, 5 & FE% 75
5 49 AASET g AFES JnoR HH
PV WA, T FEAD B A Bl

2.1 dEx=s
2.1.1 2MEtA (Activated Carbon)

2 Ao E 3 fF F 759 &4 i (Activated
Carbon) & A}&-3}31 31(Table 1), Bl=73 2] =718} §7]8v)
F+(Alkyl Halides)®= 4] 32?1 7 HNSE 75+« 22
=3 E(Chloroform: CHCls, density: 1.49 g/mL)< Sigma Aldlich

Aol EFA S AHETAT.

Table 1. Physical properties of seven types of activated carbons

by particle size

Particle .
Mesh size Manufac. Pr;?c' I(Zlclsnll?)]
(mm)
Sigma | C3345-
AC1 | 100-400 02 | oneywell) | 300G <2
0.06 ~ . 161551-
AC2 | >100 o Sigma kG | 005
0.4~ Sigma | C3014-
AC3 | 2060 1.2 (Honeywell) | 500G =2
AC4 | 20-40 ~O'162 Alfa Aesar | 45478 | ~2.26
ACs | 2 & o Alfa Aesar | 10926 | ~2.26
down
12 . (€2889- | No data
AC6 | 820 ~32 Sigma 500G | available
ACT | 48 362 , | Alfa Acsar | 43118 | ~226
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CP-MS(Thermo, iCAP Q)= Cr, Ni, Cu,
Zn, As, Cd, PbS A8, £E249S 98 75 den
2 747} 10gY 32 T/ 150 mLE E§H8ke] Aol A 14]
B 240 pm) F Bl ZSEZE (045 im)z o] 7H3E o N9
Cr, Ni, Cu, Zn, As, Cd, Pb 33 ICP-MS(Thermo, iCAP Q)=
ekl

3.1 75 gdeal HESE ¥ HYEY

7% A0 Ht 37 4 (Mean particle-settling velocity)
= 05~8cm/sec WS ZEA, AC7>AC5>AC4>AC3>AC6>
AC2>AC1| AR B HQLAL, AC6 895 Al9lshal Y=t
o] Z7|e} Ff U= H|HsHE Ao R IE ti(Table 2).

Table 2. Results of mean particle-settling velocity and adsorption
capasity test of seven types of activated carbons by

particle size

Mean Over
particle-settling | loarded | Absorption Capacity
velocity vol. vol. (mL) | AC(g) : CHCl3(mL)
(cm/sec) (mL)
ACl >0.5 15 21 1:2.33
AC2 >0.2 13 16 1:1.78
AC3 4 25 11 1:1.22
AC4 5 26 10 1:1.11
AC5 7 29 7 1:0.78
AC6 >1 33 3 1:0.33
AC7 8 34 1:0.22

Tk 7 G
(1:2.33(w:v), UAHE] %
(Table 2).

Table 3. Standards and labeling standards for water treatment
agents (Notification No. 2017-190 of the Ministry of

Environment)
Ttem Powdered Activated | Granular Activated
Carbon (PAC) Carbon (GAC)
Component &
Color powder, black granule, black
Verification test valid valid
pH 40~11.0 40~11.0
1 V)
. . 74 um sieve 90 % 2,380 um sieve 100%
Sieve size ass pass and 500 pym
p sieve 5 % pass
Loss on Drying <50 % <5%
Chloride =0.5% =0.5%
Arsenic(As) =2 mg/kg <2 mgkg
Lead (Pb) =10 mg/kg <10 mg/kg
Cadmium(Cd) =<1 mgkg <1 mgkg
Zinc(Zn) =50 mg/kg <50 mg/kg
Phenol value <25 <25
ABS value <50 <50
Methylene blue >150 ml/g >150 mL/g
decolorization power
lodine
> >
adsorbability =930 mg/g =950 mg/g

dehe A% A9 AC29] oFd(Zn) FFol 121 mgkg=E A,
FAH YA 71590 S0mgkg R =2 FdHo R FFAn
AC2, AC3, AC4S] Y2 (As) o] A 7122 2 mgkg
£ %35} tH(Table 3 and Table 4). F1 2, 75 S eA T
AC4°] TE](Cu) &Fo] 543 mgkgl & 7 =4 THTable 4).

Table 4. Total metal contents of seven types of activated carbons

by particle size (mg/kg)

Cr Ni Cu | Zn As Cd Pb
AC1 266 | 15 | 204 | 699 | 0.12 | 0.019 | 0.34
AC2 148 | 7.63 | 11.3 | 121 | 12.1 | 0378 | 4.92
AC3 16.8 | 254 | 302 | 9.07 | 625 | 0.004 | 0.44
AC4 145 | 19.0 | 543 | 7.07 | 2.65 | 0.007 | 1.48
ACS 123 | 155 | 329 | 7.15 | 1.76 | 0.004 | 0.65
AC6 549 | 50 | 141 | 468 | 1.11 | 0.001 | 0.03
AC7 ND | 048 | 12.1 | 7.08 | 0.05 ND 1.34
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7, AC291A =
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Table 5. Released heavy metal contents from seven types of
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(Table 6).

Table 7. Calculation of input quantity of activated carbon

Table 6. Summary of lab-scale test of activated carbon
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H7ld - AZ&E - HAS -
= TAlEA Alale F 26710] WAoo, T FAHEH F
=S 9F 208 k(= AL A 115k A =0| TH(Table 8).

Table 8. Marine Pollution Accident of Hazardous Substances in

Korea

Year Frequency Spill volume (k{)
2010 2 13.6
2011 4 75.6
2012 2 0.7
2013 4 3.1
2014 3 44
2015 3 198
2016 2 0.1
2017 1 0.2
2018 3 1.7
2019 2 0.9

Source : Korea Coast guard
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