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Abstract

In the present thesis, an experiment study has been performed to
study the possibility of removing the red tide aga (Cochlodinium
polykrikoides) and nutrients (nitrate and phosphate) using the dredged
sediment from a coastal fishery.

Experiments for removing Cochlodinium polykrikoides were
conducted to derive the optimal conditions, the amount and particle
size of dredged sediment besprinkled into water, and the amounts and
types of additives.

Results showed that the optimal amount of dredged sediment
besprinkled into water was 0.6-1.69/100mL. With decreasing particle
size (< 100um), Cochlodinium polykrikoides could be more efficiently
removed. CaO and Ca(OH), were found to be effective additives in
promoting the remova efficiency. The optimal amount of additive was
10%.

The remova efficiency of Cochlodinium polykrikoides was up
to 99% when the dredged sediment(< 100um) was besprinkled into
water at the ratio of 1.6g/100mL. This result was comparable to that
obtained with loess (95%).

In the adsorption experiment of nutrients, on the other hand,
the reaction was completed within 10 minutes using 100uM NOs; and
PO,%. In the steady state, 61% and 77% of 100uM NO; and PO,*

were removed respectively. Adsorption isotherms of NOs and PO,>



were suitable to the Freundlich equation. In addition, the adsorption
reaction was not influenced by the ionic strength and pH.

All the results in the present study showed that the dredged
sediment from a coastal fishery could be successfully used as a

substitute of loess for removing the red tide alga.
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M2 & 4
Table 2.1. Contamination condition of 9 sea areas(FAFY, 2005)
(unit : mg/kg)
sea area |category| goallevel | 2000year | 2001year | 2002year | 2003year | 2004year
Cr’” 52.3 16.10 | 47.57 | 62.75 | 62.75 | 73.94 |exceed
Hampyeong|  Cu 18.7 | 7.23 | 2136 | 1275 | 12.75 | 3.49
bay Pb 30.2 | 13.64 | 48.54 | 28.50 | 28.50 | 62.79 |exceed
7n 124.0 | 69.91 | 68.64 | 59.80 | 59.80 | 36.15
Cr’® 52.3 | 30.75 | 57.20 | 60.50 | 53.20 | 88.29 |exceed
Wando [ Cu 18.7 | 974 | 11.16 | 21.52 | 12.54 | 10.00
enviromental ly| Doan Pb 30.2 | 20.05 | 34.90 | 32.93 | 16.37 | 47.15 |exceed
) /n 124.0 | 87.64 | 85.45 | 202.53 | 68.56 | 70.31
preservative C® | 52.3 | 39.36 | 57.02 | 49.54 | 39.53 | 62.13 |exceed
sea area  |Deugryang| (u 18.7 | 2745 | 24.37 | 14.68 | 12.44 | 12.82
bay Pb 30.2 | 41.75 | 63.35 | 19.01 | 10.15 | 64.75 |exceed
7n 124.0 | 107.79 | 95.61 | 80.55 | 78.16 | 93.10
Cr’ 52.3 | 18.72 | 44.06 | 30.56 | 59.47 | 81.48 |exceed
Ganag bay " 18.7 | 40.68 | 31.68 | 42.59 | 41.50 | 29.82 |exceed
Pb 30.2 | 33.13 | 71.78 | 25.31 | 27.10 | 50.55 |exceed
7n 124.0 | 108.10 | 109.21 | 157.59 | 129.30 | 60.23
Sihga | O 52.3 | 45.50 | 59.53 | 76.88 | 21.61 | 36.18
Incheon 20 18.7 | 9.86 | 10.19 | 11.04 | 14.00 | 14.61
Pb 302 | 14.71 | 24.26 | 18.62 | 26.39 | 16.26
coast 7n 124.0 | 52.34 | 56.94 | 86.29 | 53.25 | 22.00
Cr’® 52.3 | 17.02 | 63.90 | 85.00 | 38.99 | 123.02 |exceed
Grangyang|  Cu 187 | 2550 | 29.27 | 17.00 | 16.3¢ | 17.13
bay Pb 30.2 | 72.12 | 53.66 | 15.95| 14.85 | 48.31 |exceed
7n 124.0 | 107.12-|152.29 | 118.10 | 104.21 | 132.60 |exceed
specially Cr’ 52.3. | 54.58 | 70.48 | 67.92 | 286.20 | 38.85
Adninisterat ive asan bayl—C" 18.7 | 33.43 | 45.36 | 49.36 | 52.29 | 39.79 [exceed
Pb 30.2 | 30.58 | 32.19 | 39.00 | 53.64 | 30.96
sea area 7n 124.0 | 166.70 | 196.44 | 193.01 | 191.36 | 171.58 |exceed
Cr’® 52.3 | 60.42 | 48.73 | 46.19 | 48.87 | 37.78
Busan | (u 18.7 | 26.34 | 23.99 | 23.78 | 24.50 | 31.70 [exceed
coast Pb 30.2 | 23.25 | 18.31 | 16.69 | 21.03 | 24.78
7n 124.0 | 123.80 | 124.91 | 113.63 | 100.57 | 125.89 |exceed
Cr’® 52.3 | 55.05 | 70.50 | 67.50 | 44.77 | 38.01
Ulsan | Cu 18.7 | 47.18 | 50.41 | 46.41 | 47.14 | 63.62 |exceed
coast Pb 30.2 | 67.86 | 134.04 | 137.89 | 70.36 | 43.27 |exceed
7n 124.0 | 88.65 | 246.22 | 248.79 | 175.60 | 210.33 |exceed
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Al 2 &

Table 2.1. Identification and classification of soils for

dredging(PLAN, Permanent International Association of Navigation

Congress)
Particle size
Soil type identification, Dia. Identification
(mm)
Boulders & visual examination
smaller than 60
Cobbles and measurement
coarse : 20 - 60 . . )
. visual examination
Gravels medium @ 6 — 20
) and measurement
fine : 2 -6
coarse : 0.6 - 2 . . .
. easily identifiable by
Sands medium @ 0.2 - 0.6 . i )
. visual examination
fine : 0.2 = 0.06
visible to the naked eye
Silts 0.002 = 0.006 very little cohesion when
dry
invisible and only grains
of
Clays smaller than 0.002 ) i
a coarse silt may just be
seen with the naked eye
identified by
Peat and . )
) . varies black or brown color with
Organic soils )
strong organic smell
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toward the land <=

southeastern
wind

red tide spreading = toward the sea

i)

northwestern wind

red tide expansion

L)

eutrophicated warm sea water

COD 1mg/ ¢

temperature 24~25C, salinity 32~33psu

opt imum —

condition

nutrients from
land and sea

L)

red tide
occurence

1

opt imum
condition
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Fig. 2.2 Schematic diagram of red tide outbreak(=rH<2F2FsHA  2000)
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Fig. 2.4 Vertical distribution of Cochlodinium polykrikoides
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Table 2. 3 Various adsorbents and their applications(Cooper and
Alley, 1992)

Adsorbents Applications Porosity | Surface area(m®/g)

solvent recovery
Activated carbon elimination of orders 56 ~ 75 600 ~ 1,400

purification of gases

Alumina drying of gas, air and liquid | 30 ~ 40 200 ~ 300

treatment of petroleum

Bouxite fractions, drying of gases and| 30 ~ 40 200 ~ 300
liquids
Bone char decolorizing of sugar 50 ~ 55 100

decolorizing of oils, fats, and

Decoloring waxes,
Carbon decolorizing of domestic
water

refining of lube oils, and
Fuller's earth vegetable and animal oils 50 ~ 55 130 ~ 250

fats, and waxes

treatment of gasoline and
. solvents,

Magnecia e o 75 200
removal of metallic impurities

from caustic solutions

drying and purification of

Silicagel 70 320
gases
) purification or dry of gases,
Strontium . )
removal of iron from caustic
sulfate .
solutions
purification of gases,
Zeolite separation or collection of
hydrocarbons
selective removal of
Molecular i
. contaminants from
sieves

hydrocarbons
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Table 2.4. Physical adsorption and chemisorption(Cooper and Alley,
1997)

[tem physical adsorption chemisorption
adsorption capacity 1is . .
majority occur at high
Temperature large
temperature
at low temperature
Adsorbate unselectivity selectivity
Adsorption
P small(10Kcal/g mole) large(10-30Kcal/g mole)
energy
Adsorption rate fast slow
Reversibility reversible irreversible

2
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247k 0.4g, 0.6g, 0.7g, 1.0g, 1.3g, 1.6g0% thakals 2
o.

W3t Cochlodinium polykrikoidesES 3712 WA 100mL® Z}2f
Y31 S/R(Sedgwick-Rafter) Chamberoll 43] -3 3ate] A& A Cochlodinium
polykrikoides® WAG(cell/mL)E &sttt. 2709 w]A F=A4FH

& AN

32

A%, FEES 47 14 FHShA sk v oA WA sk
Tk 104, 303, 603 Fol 43] EFH st ARAES e HAAA

S #Estal Lugol &N ow A 2 A 3 Cochlodinium
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wA shotakelt.

50uM, 100uM NO3~, PO, &S vkt F&alel whsaA S34%
< HuskE A tS# Zo] Fdsglith. 100mL A EetaaE
TH|gE - Table 4.9¢] dAg FHAAE 717 2.5¢¥8 231 50uM
KNO; &9 25mLA & 2tk ymA 17](blank)®] &2k~ KNOs
golnk Yotk MgO9 CaO7} 7t¥le 49w ESS 2g H/HAE
0.5g AlolA &&A7F ¥ 2.5g0] HE5 ot Sot~aE 2A% F
oF AE(200rpm)3siA] LAEE(5000rpm)3F &, 0.45pm membrane 2
2 ojgtald NO; sE2 A wet 435

PO,°” 3ol - 50uM KHoPO; &88 AM&39lon NO; ¢ 5
g wHow AeS $eskglth. 100uM NO3 , PO &S o] g3t

A gole] Fuw welsha A Shak FASHA AAg,

)
i

(1

FHEAE 2.5g% ZF N0y £ 2omL= 7709 100mL 47 Z8 23

of YWolx F 14719 Eet2aE A6l akskglth(25T). 899 %7

(10, 30, 40, 60, 80, 100, 120%). dAEAS A4 ELsI] e

0.45um membranel. & oA NO; FEE FAAAH uzt =As)

PO fMo] 7] %2 T 7FX(100 pM, 10mM as P)2 243l &

E AYE A unA A4 APnge Ny S9g v
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25T A o] 2HEE Z-sta NOy |99 %7]s=E 11 71#(0.1,

HES A7 &2 HbgELE d3E AR ko A5kt 45¢m
membrane 2.2 oI 3|A NO; L5 FGAEH we} SAHsAT
. 0.3 b, 0.7, 1, 2, 3,

=~

3.2.3.5 pHell W& &3 4
B AGME Ny, PO F Rl glolA bS] S oknr] 93
geno] piE zAste] AW, Ny Sle] Z7EES A 74100 1,
oM, 10mM as N)&2 21 pHE 2-12% Z2Asko] A3k, Noy &

o] pHi= HC1¥ NaOHE ARE-sho] dsgitt. BE FaTES 25T oA

5]
A=

AA ol el F43 T},
PO fNol 27|52 A ZFA (100 pM, ImM, 10mM as P)= =43}
o] pHoll W& FAEA W3S AgEgt. ymx x4 Adage

N0 e FhH 3 AAE Aol sk 2.
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Table 4.1. Physical and chemical properties of dredged sediment

and loess
property unit dredged sediment loess
Soil size distribution
<100 um % 92.1 73.0
100 p m<£f<200 pm % 2.1 4.3
200 um<f<100 pm % 3.7 8.0
>2mm % 2.1 14.7
Water content % 70 25
pH* 8.3 6.53
Conductivity® uS/cm 4482 64.6
CEC cmol/kg 15.36 8.65
pHpzc 5.1 4.4
L.0.1° 1.59 1.59
Metal
As mg/kg ND* ND¢
Cd mg/kg 1.3 0.8
Cu mg/kg 44 .35 20.25
Cr mg/kg 31.95 17.9
Pb mg/kg 39 34.45
Fe mg/kg 40350 38385
Mn mg/kg 9700 8420
7n mg/kg 135 70

a: measured in supernatant of soil suspension
(soil:solution=1:10 by mass)

b: Loss On Ignition

c: Not Detected
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Table 4.2. Properties of soil samples

Absorbents CEC(meq/100g) pH Conductivity(uS/cm)
Dredged sediment 15.36 8.45 4363
Dredged sediment with
thermal treatment at 2.00 6.83 397
900°C
M Loess 8.65 6.66 40

M Loess with thermal

treatment at 900C 1.20 6.68 44

Fig. 4.1 SEM image of sediment Fig. 4.2 SEM image of loess

A A B BXAy FAR e Si 27%, Al 12%, Ca 26%°©)il SF

Eo] 93 Si 59%, Al 28%c]dt}h. Si0.7F FA¥o]ar Al, Si, Fe, Na

E 9 52 AP), AFe) 59 5L AAtn A= o L A

oo a7} =oggtal AlgEvh(getE, 2002).
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0350mg/kge] i W7k FEE 9700mg/kgPli FEE Ho &

= 38385mg/kgolal W7FY] i 8420mg/kgl ® UENGTE. 7)€ FE45
omAE FAHAEY AF Cud FEs 44.305mg/kg, (o] s%&
31.95mg/kg, Pbe HFEE 39mg/kg, Znd FEE 135mg/kge] Vskil FE
o] A9 Cuol H%EE 20.25mg/kg , C(ro ¥%+& 17.9mg/kg, PhY L+

34.45mg/kg, 7Zn FET 70mg/kgo]l &= ATt A9told FAHE A E

PAHs(polyacromatic hydrocarbons)® 363.09ng/g dwlil, dioxin<
1197.63ng/g dw, Z12]31 LDPCBi: 0.13896 pg TEQ/g®] R TH( &l =2k,
2005). F=AFRAZT 54 dEAR Y FAAHY SAHS A
A ARA TS 2 L9EAS U Agsts Aol dastH Y

Aol ek 9184 F77 vtEA] dasit,

b

a7
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4.2 Ax=AANLE

4.2.1 EF FdZ WE Hx QALY

THAEAEYN FE] FYFo] SUETFE AXAAES T ApolE Ko
WA S7 I HH(Table 4.3). FAE A =2 F4%Fo] 0.6¢/100nL -
1.6g/100mLY 7 olykrikoides®] AA&&o] 60 %

$- Cochlodinium p
=itk dnd Bz A3 Zele £40] wol dol 3l

71-99%= 733 3]

A3 FsH AR Agre] Ayl meh WAk SAdol =,

Table 4.3. Removal efficiency of Cochlodinium polykrikoides
depending on the injecting amount(size: <100 pm)

il Reaction Removal efficiency(%)
tine(min) | g'ag [0.6g | 0.7¢ [ 1.0¢ | 1.3 | 1.6g
10 51 59 65 73 78 82
dredged sediment 30 53 67 72 78 85 92
60 58 71 81 85 93 99
10 47 62 68 72 77 80
loess 30 52 66 70 82 85 89
60 57 72 79 85 92 95

4.2.2 B A A7l whE Az AAEY
Fig. 4.3014 R+ wpe} o] FAHA=I FE AL 4245 4

ZAAE] ERTHEFA, 2003). 50 pm ©]3Fe] FAEHES AL A
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EY4s FYsA & 7inks] & vlAd AW Cochlodinium
polykrikoidese 20% A% 7} €Fgrr).

a b c

I 10min I 10min I 10min
% m — 3 30min % 3 30min % 3 30min

I 60min I 60min I 60min
80 80 80

removal efficiency

% removal efficiency
% removal efficiency
%

04 . o
Dredged sediment Loess Dredged sediment Loess Dredged sediment Loess

e e

Fig. 4.3 Removal efficiency of Cochlodinium polykrikoides dependin
g on soil size(a:<50pm, b:50 pm<f<100 pm and c:100 um<f<200 pm )

4.2.3 E9o dAY, 55 AAY =AHFEY wE Hx A4 A

Table 4.40]A] HE= wvie} o] FAFEAEo A7l & ZFA A&
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Table 4.4. Removal efficiency of Cochlodinium polykrikoides
depending on thermal treatment(size : <100um)

Reaction time

Soil ) Removal efficiency(%)
(min)
10 72
Dredged sediment 30 77
60 85
10 70
Dredged sediment with thermal 20 7
treatment at 900C
60 87
10 80
Treated sediment with 20 87
Biological process*
60 93

4.2.4 HA7HA FFC mE H2AA A3

FAEHAE Ca07F F7FEH A xA ALl 108 Fol 90%, 1AZF 5o
99%ll 744 o] 2= F7}3ltk(Table 4.5). 18y Mg07} H7h=™ &
2 AAEe] A}, Ca0F H7Es AFeolxl= Algte] Al whef A
| Wol =X A FFst= AEo] =&
=xo] Wol WY, WISk pH7F 8.6-9.5 BE7HA =23

ok MgOE H7FslS wWe] pHe Ca0 B-5-ETh v =34th(pH 8.6-10.0)

N

0%,

il

O

M oo
N

s

O

N

b
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Table 4.5. Removal efficiency of Cochlodinium polykrikoides after
injecting MgO, CaO(size : <100 pm)

Removal efficiency(%)
Reaction
time(nin) Dredged sediment | Dredged sediment + MgO | Dredged sediment + Ca0
10 77 69 90
30 33 75 98
60 93 91 99

4.2.5 A gE TR WE HAxAA A9

FAE A& Ca0, Ca(O0H)., CaCly S FH7Iste]l Hx AES A 73
7} Ca0, Ca(OH)2o] AlAEo]l & Aols HYon CallhtE FHEI7}
o] §lAth(Fig. 4.4). %7] 108 AEdujE ofF-2lx Flgle] +
e 93 Axbel vSs} 302 F Ca0, Ca(OH).7F HZ2AAd
S Wol7] AZP o 53], Ca(0H)2] d&o] FZ8A S71etitt.
60% % Ca0, Ca(OH).2] AIAE°] 90%7F HA vhsktl. Ca0: Ca(OH) k.
o 2 AAERRE AR yEhe T ASH o7 Yt dvd
Z A7 60 F Ca0, Ca(OH)eE FHE €719 4% AEL e &

FE AR Al Awel Wt W &
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100
-2
(4]
5
G o 10min
=
2 W =0min
g a0 CI60min
£
e
‘SE 20

0 —

spdiment  spdimenttCal  sedimertCailH); Mioess

Fig. 4.4 Removal efficiency of Cochlodinium polykrikoides
using mixed sediment with Ca0, Ca(OH); and CaCOs

4.2.6 A7HAe] FaFoll wE AxA7 247
Table 4. 6ollA HW, FHAHAEI FES FYHFS 1g/100mL= 1173
skal, H7FAIl Ca09l $HEFS 5%, 10%, 20%9= S7HA 71 HZA A &L
S7HATh. 28y Ca0 el Ui w2 FAFAES AxEA A Hq
AR S AR pHds e 7t 7]

o)
Ca0% A7Hshe o] Washta Abnt,

Table 4.6. Removal efficiency of Cochlodinium polykrikoides
depending on various Ca0 percentage

i1 Reaction Removal efficency(%)
time(min) 5% Ca0 106 (a0 -
10 78 23 "
Dredged sediment 30 81 " "
60 9 95 %
10 75 31 0
loess 30 81 " "
60 88 91 %




Al 4 &

57

A A= AA vigeld 22 Aol u) APl Axfel 1A
U Ze d UL AAERES 48 F USS AT, J2AAA &4
A= FaZel #g AFdA AR FAd=Fo] 0.6-1.6g/100mL F = v}
7] wiEol, AAl wihel A FYA] G EA G (In?) Ax3 FAHHE

100 4| HEE 10min || R 10min
1 30min 3 30min
g0 4| EEE 60min || B 60min

-
=)
3

]
8
]

o N
3 o 3
N x
s 3

a
8 & 8

% removal efficiency
N oW o
88 3

% removal efficiency
8 8

=
S

-

S

il

5cm 25cm 50cm 5cm 25cm 50cm

Dredged sediment M loess

B

T a

o

Fig. 4.5 Removal efficiency of Cochlodinium polykrikoides
depending on the water column depth(5cm, 25cm, 50cm)
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il

4.3.1. FFA +9F 244 4
Table 4. 7oA FAEAE3 100uM NOz &N FYH[ &S FHEHA
B3 goo Foujgo] goldsE AALE] =A dERRTh Y4

67%= YEFRI 10 109 A5 60%=2A TUFOZA

)
©
1:10°] A3 FdFoz eyt

Table 4.7. NO3~ and PO.*" removal efficiency depending on the
ratio of dredged sediment to test nutrients

lt?oatrilcilt?ifeI?;e(;ieoduste(g?)ent(g) NO3~ removal(%) | PO;*" removal(%)
1:5 67 85
1:10 60 7
1:20 44 85
1:30 34 51
1:40 22 34
1:50 16 22

* NO3~ as KNO3(100uM) and POs*" as KHuPO4(100aM)
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Table 4.8. Eluted NO;, PO, concentrations from various

adsorbents after 4hr

Adsorbents NOs ( n M) PO (n M)
Dredged sediment 10.7 2.70
Dredged sediment with
thermal treatment at 900C 16.3 1.30
M Loess 13.0 0
Loess with thermal
i 11.2 4.90
treatment at 900TC
MgO 0 0
Ca0 0 0

Table 4.991%= 50uM NOs~, PO/ &S 71x1

Yepdeh. HelskA @2 &

2 7o 78% A% AAL. EFS Az

PO A A fro] B ZHAFT),

i

Ad AA ARAE

= 64% A ABD L PO

W d e 9o Ny
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Table 4.9. Removal efficiency of 50uM nitrate and phosphate
depending on the adsorbents

NOs~ PO
Adsorbents concentration | removal |concentration| removal
after 2h(uM) |efficiency(%) | after 2h(uM) |efficiency (%)
Dredged sediment 18 64 11 78
Dredged sediment + MgO 51 0 1.2 97.6
Dredged sediment + CaO 50 0 1.0 98
Dredged sediment with
thermal treatment at 900C 22.5 55 24.2 51.6
Dredged sediment with
thermal treatment at 900C + 50 0 1.3 97.4
MgO
Dredged sediment with
thermal treatment at 900C + 50 0 2.1 95.8
CaO

Table 4.100% 100 uM NOs~, PO, €S 71231 AA S AANE A3}
E U Nos, POSTE AAEE AFS 50pls AHERE wet
HlSeh, =3 Aol ArbAY] FFw wEH Yebe.

>

Table 4.10. Removal efficiency of 100uM nitrate and phosphate
depending on the adsorbents

NO; PO,>
Adsorbents concentration removal concentration removal
after 2h(uM) |efficiency(%)| after 2h(uM) |efficiency (%)

Dredged sediment 39 61 23 77

Dredged sediment + MgO 100 0 2 98

Dredged sediment + CaO 100 0 3 97
Dredged sediment with

thermal treatment at 900C 42 58 38.9 61.1
Dredged sediment with

thermal treatment at 900C + 100 0 4.2 95.8

MgO

Dredged sediment with

thermal treatment at 900C + 100 0 6 94

CaO
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Fig. 4.7 Kinetics of phosphate on dredged sediment
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Fig. 4.9 Asorption isotherm of phosphate for the dredged sediment.
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Fig. 4.10 Adsorption envelopes of nitrate

three initial nitrate concentrations(100M, 1mM and 10mM as N)

depending on various pHs
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Table 4.12. Removal efficiency of nitrate and phosphate in sea

water”

PO, (100 11 M)

concentration removal
after 2h(uM) |efficiency (%)

NOs (100 p M)

adsorbent concentration removal
after 2h(uM) |efficiency (%)

59 41 38 62

Dredged sediment
*The adsorptions were carried out in a shaking incubator(200rpm) for 2hrs.
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