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Treatability of Heavy Metals in the Washing Technology of
Marine Sediments Contaminated with Organic Matter
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Abstract : Treatability of heavy metals in marine sediments contaminated with mainly organic matter was investigated on the basis
of washing technology using oxidizers and surfactants. Sediment samples were collected at N area which expected for remediation
project of contaminated marine sediment. For additives, hydrogen peroxide (H>O,) and Tween-80 were used at oxidizer and non-
ionic surfactant, respectively. In experiments, sediments was mixed with sea water at the ratio of 1:3 than HO, (1 M, 3 M, 4 M,
5 M) and Tween-80 (0.05%) were added. Samples were gathered at following reaction time (10, 20, 30, 40, 50, 60, 70, 80 min
and 24 h). Total Organic Carbon (TOC) was 55.2% at the conditions of 5 M H»O, + 0.05% Tween-80 24 h. Hence total heavy
metals were Cu 29.5%, Zn 42.3%, Cd 73.0% and bioavailable heavy metals were Cu 60.0%, Zn 77.7%, Cd 90.2% at the conditions
of 5 M H,0, +0.05% Tween-80 10 min. The correlations for between bioavailable metals (Cu, Zn, Cd) and TOC were significant
(Cu, Zn, Cd; r*=0.94, 0.85, 0.69, respectively).
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oA EHEE AHst] 2 Ao ARE AMESETE AlF 7R ] T oA HIA R = AEAIQl ZAESHREA(H0) 2 H]
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Heavy Metals) & -2)(Cu), oF(Zn), ZH=R(CA) 212k 295, 423, 73.0%2] AA HER 5 M+0.05% Tween-80 1004|714
20 AATLES Rtk MEo|Lo] 7Hsdt Z2a2a HEo| ASw Cu Zn, CdO|A ZHZF 60.0, 77.7, 90.2%E 5 M+ 0.05%
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Fig. 1. Sampling sites of N area.
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grade)Q} H] o] A HEAA|(Tween-80, Sigma-Aldrich, Re-
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23.2. 53 St2f(Total Heavy Metals)
A& 20 mge 1YL HEZE £7|(Teflon Bomb)of &
ZAHHNOs) I ¥ 24HHCION)& Yol F 574+
71T Yol A oF 180 C 2 12A]17F FoF &3)A17]
ge Hulth 1A43kE ARE oA Qi BAKHF)S
CAS Tl T hA] SHH 2F 180T of| A 12A]7F =<t
S AREE AR g B F 1% ZAew
AstZ et znl ZAZHEA7|(ICP-MS, Thermo X se-
AstA Tt Ak & Merck Co. (Germany)2]
Suprapur grade® A5}t EFE2 MESS-3 (National
Research Council Canada)@} NIST-2702 (National Institute
of Standards and Technology of USA)& A|& &} 72 vl
o= BAste] 8489 A%sHgrHTable 1).

2=
o= S

= i orlo

_{

2.3.3. ChUA|2F =& (Single Extraction Method)
EdE W 5% =4 FH= 7H-/d(soluble), 1715
AJ(exchangeable), -3-7] A (organic), AFs}E(oxide) 183 ZF
S (residual) Q] AR 2Rt YEo|LEol ¢l9AQ
2 AS Hriete WwHeR = A4 35S W (sequential extrac-
tion methods)¥} T oF Z=ZHo] AL HT} o] 2 A&z
ZWo] vg 54 A7t Axr AR ez 7hgst ol

=
AeF &G ALgste] R0l go] Hst FEE FE
< Bkl G oF FEH A ARgStE o7 7HA] A
SHEDTA, g4k AL ofHEAL )Tl | M dabs o
83 2Eo] FeloAE AT gomtY Fo ugt
=5 YEHER | M ghbs o8t ddAf 2EHE &

Table 1. Comparison of analytical of MESS-3 and NIST 2702
with certified values

3 AEolgo] Hset 35S Fristgn Y

BAe g% 1 g¥ | M G4AHS 20 mL wive] Hj2 2
Z3tsto] A2 A orbital shaker# o] &-5to] 4A7F E<F ul
AR T S HE 045 pm TE R ARSI o IH-g-H
S 1% FAro 2 543te] ICP-MSE EA3}9irt BaEd
MESS-3& Al&ot 22 Wom FEAste] 72.6~108.9% 2

Sl&& AEstalch”

2.4. \|2O| EM

24.1. 9
NFLFE A= A} 7ol oA AR 7= P
QA aHoF T EA F st o] HolHrLE ®

Hao] F7tstRE e dedEo] F2 e A7) 4
9] ez AAo g Zrpsith Najdde] ¢l 125 um
o]Ake] E|AHE 33%, 125 um~63 um] EHHE 11.2%, 63
um~32 pume] E|ZHE 16.6%, 32 um ©]3}t9] EHEL 68.9%
2 Uehdth Nejdo] glAEL njAldat AET} 85.5%% T
it nAARR g E ] s Ao e th(Table 2).

2.4.2. B35} BHE
NS EH= Y a2 13.7%, 343 A s

2 41.2 mg/g, ALY L =2 4.7 mglg, T RS EE
2.8%= et o] 2uE Ef2 No|od E|l5Eo] Kook
12)

3t B B 0 ARE Brlely] gletel P o g
wheh RIS SClen B AT 1 AT} g
FBAHBARClen) 7t 112 93 - B 71239 61T} &
© ke vehfo] egopst Belstel HAEe] stk A2z}

2tk Ao YethFig. 2).

CRM Certified values Measured values Recoveries (%) Table 2. Fraction of particle size
MESS-3 (mg/kg) Particle size Fraction (%)
Cu 339+16 335+10 99 >1mm 0.1
Zn 159 + 8 154 + 4 97 > 500 pum 0.1
Cd 0.24 + 0,01 0.31 + 0.03 129 > 250 pum 05
NIST 2702 (mg/kg) >125 um 26
Cu 1177 +£56 1157 +19 98 > 63 um 12
Zn 4853 £42 4495+ 134 97 >32 um 16.6
Cd 0817 £ 0,011 0963 + 0.036 118 <32 um 68.9
20 - 50 6 5 12 -
(@) (b ©) () ©
16 40 + 51 _I_ 4 10
S 12 4 E,, 30 - E-z 5’ 3 .
= ] w3 <) C ¢
8 | O 20 4 Z =y
24 4]
4 10 1] 1 24
0 0 0 0 0

Narea Narea

Fig. 2. Characteristic of eutrophication relation elements: (a) Ignition loss (IL), (b) Chemical oxygen demand (COD), (c) Acid volatile

Narea Narea N area

sulfide (AVS), (d) Total organic carbon (TOC) and (e) eutrophication decontamination factor (Clg).
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m % S%(B7HES 0 ke 7hE ek
slsta Alaeko] A$ 2719 AolA 3.6~7.3%(E 7}
" ] H46)2 7] vt Yol on, 2204 15.5~35.5%
] (B7Hd = 4, 2413 el A 2), 2230 A 16.2~42.3%(3B 7
O Total Metals = 4, 24X 7kl 4] 2), 2714004 49.3~62.6%(B7HIS 1~2)
2 AA HYoh 2749 60204 62.6% = 7Y F Al
Ag&S Bt
2871840 AL 2A1AE -02~5.9%E A|A7} HA|
okgrom], 2712014 6.6~27.0%, zmoﬂﬂ 12.5~35.8%, %
A40) A 39.0~55.1% A A== AL B 5= 99k 229t

Total Metal Concentrations (mg/kg)

27139] A$ Aj7bo] Aol whet 24X 7174 A& H oz
100% 1 — — ZJL/\O]'MJ_ ZA4 = 105712 FAS) 7Hashe] 1057}
A2) Wshol 453%2 7P A tepde o] A7 Ane
80% - Z 72 o]Ae] H,0,9 %9} _;:g]/\ 1059 2] 2] A7kl A

Hogorsl I EXo A} 7lse Aoz wukEh

60% -

B Bioavailable Metal 120 (a) 1L
40% -
AIOO
S
: 80
20% - .g
g 60
=
& 40 1
0% 2
Cr Ni Cu Zn As Cd Pb 20
Fig. 3. Total metals concentrations and bioavailable metal por- 0
tion of total metals 0 10 20 30 40 50 60 70 80 1440
' Time (min)
=aA = staf
2.4.3. 3.=.‘_. = glzk(Total Heavy Metals) (b) COD
N&j|9 % EHEQ 2749 H%X Znv} 429.77 mg/ 120
kgo 2 7} =g9kom, Cu 106.56 mg/kg, Pb 79.42 mg/kg, g
Cr 70.97 mg/kg, Ni 29.77 mg/kg, As 12.48 mg/kg, Cd 1.41 E 80
mg/kgo] +£o 2 YETh 5 60
g rlAoF 2EWG ol 4T YEolgol A5 B £,
&0 % Z320) U] Pbo] 80.0% 7P W HES 3 S
A5kal A1, Cd 76.0%, Zn 64.8%, Cu 54.7%, Ni 20.2%, o
As 20.0% Cr 15.1% vr—_Q_i q_E’]_]ﬂ:E]_ 0 10 20 30 40 50 60 70 80 1440
Time (min)
_ (c) TOC
3. 7 Zat Y nE
§100
3.1 MIA7|EX2| = AR Ed Zm
310, Borst B Iyt = £
A=A ) Rojeyst Bl W7k Fuol e 24 R Z
=2 7123 v wetgch AazEke 241 1 M+0.05% S -

Tween-80)0l| A 18.3~22.5%(B 7184 3), 272 (3 M +0.05 0
% Tween-80)0l| A 26.8~34.7%(H7} 84> 3), 243 (4 M+
0.05% Tween-80)0]| 4] 28.8~38.1%(F 7184 3), 274 (5 M
+ 0 05% TWCCH 80)0“ }\-1 34 6~51 2%(Jj 7]— _)F 3)§ Zﬂ 7_] E] =>=4 M H203 +0.05% Tween-80 =d&=5 M H>0: + 0.05% Tween-80

U3l 24 Y] 1054 512%% 7H 2 AAES Fig. 4. Reduction of eutrophication elements after washing tech-
B} /‘E‘ﬁd A S GQriALE 2R 302 V|EERE 15% nology in treatment time: (a) IL, (b) COD and (c) TOC.

0 10 20 30 40 50 60 70 80 1440
Time (min)

=O=1MH;02 +0.05% Tween-80  ==3 M H20: + 0.05% Tween-80
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3.1.2. &32& & §2k(Total Heavy Metals)
TEES T ATY B F=e ARt wE AAES =

4 Ql%lEdl, Cues 241904 0% AAZE =7 deke
W, ZA20|AHE 3.4~17.2% ZA3A 2.0~22.5%, 2749
A 21.2~31.3%2] A7 &S HATh Znd A4 0%
2 AAER] kgrom, A2 4] 6.0~40.4%, Z730] 4] 14.8~
40.4%, 2740 A 33.8~43.6%2] A|A &S EYrh Cde
ZA10A] 0%2 AAE A Fgkom, 2712004 36.9~72.3%,
ZA3Y A 52.6~73.7%, 4004 66.0~74.5%2] A|A &
= Btk Cu, Zn, Cd B5F 27129} 304 A 2] A7t ot
g AL AAF S7ksl= A& & 4 AL, 2404 =

10&0] 71 w=A) vk3sto] AAHE 5 & 2] AlZko] A=
H3l20] 32X o}% AL & 4= otk 2729} 304 24
ARE 3 7 £ AA BES YEUHSE, 274904 += 10
oA 7HE £& AIRE tiH] AP asE B 4 AU 9
3% A1 2 A7 AASe Hisea AFAE F
Ao A% Cu, Zn, Cde] A A7} 753 Aoz wohy
22} AE] B 27F ZAHL 0|83 AL Cu, Zn, CdS A<
3 uojx) B4l A7E FAos dAstel 349 ot
2 ZolAY 58S FUAZ 5 e Aow wohdny?

(a) Cu
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e
N
< 60
2
T 50
Lol
= 40
2
g 3
<
& 20
=
QO 1
0
0 10 20 30 40 50 60 70 80 1440
Time (min)
(b) Zn
80
_ 70
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< 60
5]
= 50
b
< 40
>
=]
£ 30
L
& 20
=
N 10
0
0 10 20 30 40 50 60 70 80 1440
Time (min)
(c)Cd
80
70
Q
N
S 60
=3
S 50
=
= %
g
S 30
“E’ 20
&
= 10
&)
0
0 10 20 30 40 50 60 70 80 1440
Time (min)

—&-3 M H;0: +0.05% Tween-80 =<=4 M H20; +0.05% Tween-80
=&—5M H20: +0.05% Tween-80

Fig. 5. Removal ratio of total metals after washing technology
in treatment time: (a) Cu, (b) Zn and (c) Cd,

(a) Cu
100
- 80
S
<
=
=
£
<
=
= 40
D
-
=
o 20
0
0 10 20 30 40 50 60 70 80 1440
Time (min)
(b) Zn
100
a 80
S
<
=
H 60
£
5
= 40
3
&
ci
0
0 10 20 30 40 50 60 70 80 1440
Time (min)
(¢)Cd
100
80
Q
=
= 60
=
=3
k>
g 4
k]
&
= 20
Q
4
0 10 20 30 40 50 60 70 80 1440
Time (min)

~&-3 M H;O0; +0.05% Tween-80 =>=4 M H20; +0.05% Tween-80
=4=5MH;O; +0.05% Tween-80

Fig. 6. Removal ratio of bioavailable metals after washing tech-
nology in treatment time: (a) Cu, (b) Zn and (c) Cd.

3.1.3. ErUA|of =EHO o3 T M GUFERE
Bzol8ol 7hedt Tud E wEek ARk wE A7
8 2 5 Atk 24z Cuks 272004 0.5~31.9%, 273
ol A 3.7~39.6%, Z740] A 57.6~67.9%, Zne Z 7120 A
28.5~68.9%, 271304 41.6~69.7%, Z7140]4] 67.2~79.0%,
Cd& 7204 53.2~86.8%, 730]4] 66.8~89.4%, %714
ol A 83.9~90.1%2] A7 &S Ko Cu, Zn, Cd B5F %
Hao M 71 F2 A& Ueigloh

)

3.2. 7712 72t H=0I8 7tset S5 M2t

27
2718 AA BN FF5 B4 A FsAE B}
37] Slstel HR7Iekast BRI M5 TR 4

BAE SPSS package for windows (Version 13.0, SPSS,
Chicago, IL)E ©]-§-5}o] Pearson J#A 5 -stof dck
39 tHa = 0.05). Cus 1’ =094, Zne ¥ =0.85, Cd r =
0.69%2 &2 4o AWHAE & 5 ATk ole f7]Eol
oA A7 WA B HASE o] F7] f18f or-
ganic ligand®} Ag}sle]= Jdo] 7t AEolgol 7Hegh
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Fig. 7. Correlation of total organic carbon and bioavailable metal after washing technology in treatment time (n = 36).

FF4(Cu, Zn, Cd)o] &F o] ALHASS Boj2h? 5= 104 mgkgol 4 H o 80 mgkg?] HFEE FAsa
Ine Z7|1% %7} 7122 (410 mg/ke)S Z1}st= 439 mg/kg

3.3. DL &4 7|&2t H| ol A Zd 247 mghkgo 2 7|E10] T FEE HAE
2y 84 71207 27 He T 22e & aere 1, CdE 2715 =7} 7|11 (0.68 mg/kg)S ZI}35F= 1.43
v w3}k Culs 27]% %7t 7]132 (108 mgkg)o] 717kS- mg/kgo A X} 0.36 mgkgC 2 7|E1E HA ¥ EE
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@ Cu 710 QBYN AP FTHOYEE B AYAY &
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