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Treatment of Organic Material and Heavy
Metal from Dredged Sediments in the Coastal

Fishing Ground

Ao, Seong-/eong

Department of Ship Operation System Zngineering

Graduate School of Aorea Maritime Cniversity

Abstract

A study on the treatment of an dredged sedimenm fi@ coastal fisheries
and it's reuse were performed. Sediment sample talesn from a coastal
fisheries near Jinhae bay and the pollutants aoedaiin the sediment were
analyzed. For the stabilization of organic poliisa a liquid stabilization
technology was studied, and bioleaching process adampted for removal of
the heavy metals from the sediment. Adsorptionradtaristics for nutrients
on the activated sediment was also studied to find a proper reuse
method.

The sediment was severely contaminated with organbut the levels of

nutrients including nitrogen and phosphorus weré serious. The organics

_ix_



contained in the sediment were consisted of ab®at d cellulose, 27% of
hemicellulose, 3% of total sugar, and 13% of lipidzor the heavy metals,
the levels of cadmium and chromium were much higthem the standards
for soil contamination concern. The sediment w# acontaminated with
PAHs (Polyaromatic hydrocarbons), dioxin and PCB olyéhrolinated

biphenyl).

For the stabilization of organic materials contdinen the sediment, the
easily biodegradable organics, indicating that pugtion could be stabilized,
was around 30-40% of the total organics. The Igoagability of the

organics was affected by the inoculation of compostsewage sludge, and
could be enhanced by the increase of inoculationousm The

biodegradability of the organics was also affectbg the incubation

temperature, and was higher at ‘35 than that at 2%. The

biodegradability of the organic could be enhancey the ultrasonic

pretreatment. The organic materials diluted withtes, around three times,
was more easily stabilized, but the removal of amionitrogen was
slightly higher when the sediment was diluted smes with water.

For the removal of heavy metals from the sedimesings bioleaching

process, both elemental sulfur and ferrous sulfatre the effective the
energy sources for bioleaching bacteria, and thepgsr amounts of energy
sources for the effective acidification for the deeng of heavy metals were
around 0.3% for both elemental sulfur and ferrouate. However, pyrite
was not suitable as the energy source for the dmbieg bacteria. The

solubilization efficiency of heavy metals from tlsediment was affected by



kinds of heavy metals, as well as the energy sourcopper was rapidly

solubilized, and final percentage of solubilizatiomas amount to around
81-84%. The solubilization efficiency of cadmiumasvaround 87-89%, but
the efficiency for chromium was just 22.6-32%. rmRbum was slowly

solubilized, and the final efficiency was not higlecause of low solubility

of PbSQ. Overall, most of the heavy metals containedhé sediment could be
cleaned satisfactorily and their remaining con@itns are unlikely to be toxic.
However, the remaining concentrations of plumburd ahromium in sediment
seem to be somewhat unsatisfactory.

For the study on the reuse of the cleaned seditfemisediment was treated with
various activation methods, and their adsorptioraratteristics for nutrients
were also studied. The time for adsorption equiliin and adsorption

capacity for nitrate were affected by the activationethods, but were
amount to about 17min and 2.2mg NEg, respectively. This indicates
that the sediment from coastal fisheries could based as a material for

the improvement of coastal water quality by a progetivation.
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Fig.2.4 Production amount and treatment costs of dredged soil
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Table 2.1 Cometabolized compound and added compound

for cometabolism

Cometabolized compound Added compound for growth

PCB (polychlorinated biphenyl) Biphenyl

TCE (trichloroethene) Toluene/phenol/CHy
Trifluoromethylbenzoates Alkyl-substitited benzoates
2,4-dichloroaniline Aniline
CHaCHzo\ﬁ
/P—OH
CHXCH-‘»O\”

& CHs CH:Q
P—0O NQ; — -+
CH, CH, O/ Pseudomonas )
Sstutzerd P, aeruginasa
parathion HC NO, -~—CO,
O <}CH — COE

Pseudomonas sp, 1 Pseudomonas sp, 2
cyclohexane cyclohexanol

Fig.2.7 An example of the conversion of cometabolitnat

to inorganic material
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Fig.2.9 Composting process
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128°30°E 50

Fig. 3.1 Bathymetry in Jinhae Bay. Thick lines are depth in
meter and the mark of "@" denotes the place of sample

sediment obtained.

Table 3.1 Sampling season and area for the study

time season(area) longitude/latitude
1 2003. 12.17 (Jin-Hea bay) 35°.6',6N / 128°39',6E
2 2003. 12.31 (Jin-Hea bay) 35°.6',\8N / 128°39',2E
3 2004. 05.16 (Jin-Hea bay) 35°.7',6N / 128°38',1E
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312 4 HAAES &3 333 783 &4
ANFE AFEe AAfe] AFAR o|Fdte FAHLATHANTEHY &
7] #4 %F 10,000rpmell A 20&3F wRFAIZ] F

e
FeHS 045umel A FHAAH  AAS(Atomic absorption  spectropho-

gt =S, =4 =220 Fhu 2

1z

tometer, AAS-9200A)= &4
3051 Rl Fstol E A= 0587 HNO;

A
f£7]9) Yo & Table 3138 & ZHoA microwave

il

(Q45 Enviroprep)E ZAMet] g g & AAS (AAs-9200A)E ©] &3}

of EAsAY. A2 HAHAE diE FEHAY fFAedEES

DLPCBs= EPA 1668 methodE 12 = HRGC/HRMS(Agilent

Table 3.2 Pretreatment conditions of sediment for the measurement of

heavy metals using microwave (EPA 3051 method)

Stage POV power(9) AP presgire Tem(lf’ogrfwre Hold(min)

(max) (min)
1 1200W 100 2:00 300 160 0:00
2 1200W 100 3:00 300 175 5:00

PAHs— Agilent 6890 GC/5973N MSD (30m long, 0.32 mm inner
d, 1.0 ym film t, Supelco)&Z FA3th. PCDDs/DFse Agilent

6890 GC/JMS 700D MS with column of SP-2331 (60m 1, 0.25 inner d,
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0.25um film t, Supelco) for DDs/DFs and of DB-5MS (60 m 1, 0.25
pum film t, J&W)S °]&3te] 24389t FHE W =22 SD
Extraction Method (His et al., 1997)& o] &3t FZE33% 2™, SDMY
Nt 328 ANEAE F237] AN AXAD:E (11/5/9)F 8

Az vortexA1 71 ¥, &2 (3000rpm) ¥ 45 H ALE-3FH T
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Table 3.3 Conditions for ultrasonic pretreatment for the

biodegradability enhancement of organics contained in the sediment

Sample volume
(me)
100
100
100
100

Energy Input(J)

Amplitude (%)

Trid

0 %

2,033

30
50
70

30 %

7,494
12,847

50 %

70 %
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Fig. 3.2 Aerobic respirometer for the biodegradability test
(AER 204)
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Table 3.4 Conditions for the solid state stabilization of the organic

contained in the sediment

Wood chip  Total weight ,, oisture(%)

Run 1 6.64 2.96 9.60 49.5
Run 2 9.65 2.59 12.24 54.4

Fig. 3.3 Anaerobic/aerobic bioreactor for the organics in the sediment
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Lipids

Ethyl ether 200ml, 24hrs in Soxhelet Drying & weighing

Total Sugar

_’ - .
Water 250ml, 2hrs in 150°C oven Filtering & TOC

Hemi-Cellulose

_’ - .
500ml of 2%HCI, 5hrs in 150°C oven Filtering & TOC

Cellulose

1000ml of 2% H,SO,, 5hrs in 150°C
oven

— Filtering & TOC

Others (protein, lignin, humus, and so
on)

By calculation

Fig. 3.5 Procedure for the quantification of various organics in the

sediment
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HAEY Hd F5E&L 64.55%, CODv= 20,559mg/kg dw, TKN-S

¢

8.94mg/kg dw, NO»-N 0.49mg/kg dw, NOs;-N 2.93mg/kg dw, TP
T 12mg/kg dw 224 #F7]& o] =4t T5&H] B¢ FIEUL
Cd< 4.01mg/kg dw, Cr& 97.53mg/kg dw, Cu= 50.38mg/kg dw, Fe
+ 52,819mg/kg dw, Pb= 40.26mg/kg dw, Zn< 131.13mg/kg dw ©]

Atk olAS Eded 8 7I€F Rluste Eu CdY BF EGL

o
A5E 71E7AGe 71F2 1.5mg/kg dwell Hls| oF 3u] Eokon,
Cré 7% 4mg/kg dw Rt 20H] o]& =gkth. HIH Zn 5 EYQL

geels1zRn W dehges 4 4 ANk

Table 4.1 Physico-chemical characteristics of the sediment from a near

shore fishing ground (Units: mg/kg dw)

Content A B C Content A B C
Moisture(%) 6456  61.52 67.58 Cd 1.60 3.45 7.0
COD 21,670 18,295 21,712 Cr 11411 85.25 93.23
TKN 10.64 6.70 9.50 Cu 5142 49.32 50.4
NO.-N 0.45 0.55 0.47 Fe 48,398 49,823 60,236
NOs-N 6.78 0.99 10 Pb 353 45.3 40.2
T-P 12 16 0.8 Zn 159 132 102.4
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Table 4.2 Contamination of persistent organic pollutants in the sediment

from a near shore fishing ground

PAHs Dioxin DLPCB
Species ng/g dw Species ng/g dw Species  pg-TEQ/g
NaP 0.25 TACDFs  116.3344 #77 0.007866
AcPy 0.87 PSCDFs  134.3438 #81 0.000152
AcP 1.00 H6CDFs  142.5281 #123 0.000081
Flu 18.99 H7CDFs  111.525 #118 0.003651
PhA 17.20 O8CDF  70.44375 #114 0.000773
AnT 6.87 PCDDs  622.4573 #105 0.001282
FluA 31.22 PCD 575.1 #126 0.103163
Pyr 39.65 - - #167 0.000072
BaA 18.84 - - #156 0.005924
Chr 22.36 - . #157 0.002337
BbF 26.33 " ' #169 0.013496
BKF 20.26 2 - #1 0.000167
BaP 24.11 4 ! . -
InP 62.04 - - g -
DbA 13.41 . S ; -
BghiP 59.68 - : - -
> 363.09 > 1197.63 > 0.13896

B oA AHgE A HHE

<

au)

fre dEAMAE LHEEZ LS Table

42014  AAE wHle} Po] E%

H

7]

MN

© 2 PAHs(polyaromatic
hydrocarbons)= 363.09 ng/g dw$lil, dioxins< 1197.63 ng/g dw, 1
2]31 LDPCBE 0.13896 pg TEQ/g ©| Jth.
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Fig. 4.5 Influence of ultrasonic pretreatment on the COD removal of

organics in the sediment
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Fig. 4.11 Changes in NH4N in the liquid stabilization
process
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Table 4.3 Parameters for the estimation of the leaching of heavy

metals (Cu, Cd, Zn, Pb)

Efficiency parameter

Metal . og K R? na valid pH

Cu 0.27 1.24 0.90 77 1.5 < pH < 8
Cd 0.03 -0.007 0.91 37 1.5 < pH < 8
Zn 0.17 -0.38 0.90 35 1.5 < pH < 8
Pb 0.06 -0.19 0.87 36 1.5 < pH < 8
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of 248 Ange Fmgolt kmin)e 18 FF FEasolth 1

A EA UG 2o % AN AR FBEAS
3]

+ L (4.2)

o 71A, ko (g/min mg)= 22t FHEEFFolt. 23 F3 €I 2d
of 9% HHoERH Loz FHET 0

_{[:
42400 H= nie}l o] T2 AAE EHh. I, ALl o dof

A 9Y FARe 4PN FF @29 A e Ak
Table 4.3 Adsorption rate constant and regression coefficient for
different adsorption materials
o 2nd order kinetic Intraparticle
el 1st order kinetic model o
Adsorbent m/d &) - constgt) dn:uson model
ma/g 1y | Ol 2 2 el 2 p2 2
ka(min R ; R . R
] (g (gmgmin)| (myg) (gmg min)
YC 187 | 0.602 123 | 0.983 0.140 1.97 | 0.999 0.123 0.997
HT-YC 212 | 0.051 143 | 0.949 0.095 2.28 | 0.999 0.060 0.978
ST 213 | 0.039 0.83 | 0.887 0.080 225 | 0.999 0.476 0.963
HT-ST 219 | 0.046 052 | 0.882 0.132 210 | 0.999 0.448 0.902
BL-ST 139 | 0.055 0.67 | 0.959 0.198 149 | 0.999 0.094 0.992
BL-HT-ST 127 | 0.043 034 | 0.930 0.413 135 | 0.999 0.062 0.940
BL-NR-ST 0.84 | 0.044 0.49 | 0.958 0.235 0.93 | 0.999 0.032 0.985
BL-NR-HT-ST| 123 | 0044 | 040 | 0928 | 0283 | 132 | 0999 | 0.144 0.998
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