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2 % AgZe JdA0~1, 1~2,2~5mm) D A2 (400(P400), 500(P500), 600(P600), 800(PS00) CYH 2 A2 & F ¥ H &y &3
=

AUA S &3 B85 AURsE 2AERIT. & 31749 =8 JEQl CaCos= 700C o]/ &4 SXoA] di3] o] CaOR
WslslE 2o & e P800S Ca¥f HEE ¢F 790mgLE i B ohE AFFE vlE] o 2~38) A YEh 22 24 ' =
N L4% &5 E e 52 o= FAHAT 600T o] 2%oA A8 & e CaCo9 ERs2 FAE Ca02] 7}
FiAE T3l 155 Wel pH7F 0.1~0.5 S7HgE Ao ' yERgTh 1S o] NH-NS xR of 22~7.6 mg/Le] M2 713k
on, o] ZhEd BAAA BT 4, Ca¥oll % v E S5 A, 24 AHAA TS F A F5S T AL FF Tl 5
AHow &3k Az AhEnh Pe00 B PR00°| A H = o] POP FEE HETET of 0.1~02mgL WA YElS oM o=
24 & Ao 2 Q% pH F7F 2 PO,P9 33HA nkGow gtaFn o] ANE i &4 2xd wEl = 7t HAE U9
NH:-N 3 PO,P| E=®stel] G vAE Zor dlont, 4o 3 &2 34 &2 3oz dAxUT. & A7 A=

FF 24 2 A7TE WE 2dRe A ANAE AN AR

Abstract : Afier pre-treatment of oyster shells according to particle size (0~1, 1~2, 2~5 mm) and pyrolysis temperature (400(P400), 500(P500),
600(P600), 800(P800) C), changes in the properties of sediments mixed with pre-treated oyster shells were investigated. The primary component of the
oyster shell was changed from CaCO; to CaO at temperatures above 700 C. The Ca’* concentration in P800 was 790 mg/L, which was 2~3 times
higher than those in the control and other experimental samples. Ca’* elution significantly increased at the pyrolysis temperature over than 600 T. In
oyster shells pyrolyzed over 600 C, the pH of the pore water increased by 0.1 ~0.5, due the hydrolysis of CaO formed by the pyrolysis of CaCO;. The
PO,-P of the overlying and pore water in P600 and P800 were 0.1~ 0.2 mg/L lower than those of the control. The increased pH and elution of Ca’'
from oyster shells should suppress the upwelling of PO,-P from the sediment. Based on the above results, it was confirmed that the pyrolysis temperature
of oyster shells influenced NHs-N and PO,-P concentrations in the sediment; however, the particle size of oyster shells had little effect. The results of this

study can be used as a foundation for research on the use of pyrolyzed oyster shells to improve low-contamination coastal benthic environments.

Key Words : Oyster shell, Contaminated sediment, Pyrolysis temperature, Particle size, Nutrients

* First Author : jeongiw@gamil.com, 051-629-6590
¥ Corresponding Author : hoikim@pknu.ackr, 051-629-6590

- 873 -



1. M &

2

0,

P

8 % ASR Qe dAoklure] B ol
[©)

S
o %0, o
N
=
>t

oft
1o,
IN
L
fru
rO
:(l)l:t
ol\
N
L
o
:(l)l:t
OO
=
0,

i)

(
=

]/K—] = 7

lo

o gg HLoon o>
Qo X Ay

Moo b o XN
B
=

4z o

> oof ot
o2
e
iy
BN
Y&
(Z
2
[
%
&
i)
ox
1o
e
ro,

3 QITHKim et al., 2015).
= JNAAA717) 1% =Y
al., 2017; Taneez et al., 2018).

9 BAE Ao S 10883

L
. to oo o
s
ox,
tlo
w
e N

o2
bt
N
R

By
fr ©
:?1:1'
o2
fo 3o o
2
>
g
)

=
2

o
i)
i)
= o
N,
og(é
i

nl
g o > A
& }-‘O‘
=
%2,
v
ol
N
rﬂ
4
4o
S
N
i
tilo
ol
:?1:1’
to
o2
o
2

2>
2 o
£on oo
X
(o
ft
EY
X
ols
ol
=

s
rlo
to
o2
(3 H-I
N
L
Hi
dob rlo ¥2

THMOF, 2016). =42 71

A
i 2 o

)
2V
)
(N
tilo
o
ofo
ols
ol
rir
P
o
fo o
[
0,
o
L
% gy e
X9

zeolite/hydrous zirconia composite, AFAF-AHES
bauxaline(red mud), 87 £#l7 B A &3] 2H&E Fo]
(Asaoka et al., 2009; Kim et al., 2012; Hayashi et al., 2013; Abel
et al., 2017; Fan et al., 2017; Taneez et al., 2018). 345+ 37
AP, =2 HE B 2 N E ToR oA A5t v
Al Fskar ot

oA vid of 30vHES] = sfzto] WAstaL Qlvh
(Kim et al., 2019). ©] =, ¢F 30%%lo] A% L Alg, HgE 5

o2 83 JI(Kwon et al, 2004), UHA = wjH £
EHORE At wfH ol oA Ho] ok H dF, IEF T
o] BAHFEAZ sl Qrk(Yang et al., 2005). 3F<| v =
) 7Fe: F & Calcite(CaCOs)E o] Fo] A 9Jom, 112 24 3}
S AAE, 242 vl 9% 7R F71eHE Ao E Bl
¥ 31 lth(Jeong et al., 2019).

= 742 A S FIAA daAde] dF9S
A 7+~ 71 BOD(Biochemical Oxygen Demand) 2 PO,-P, ~12]

il

I HSE #AAAN7E Aoz B 9 t(Yamamoto et al.,
2012; Shih and Chang, 2015; Yen and Chou, 2016; Jeong et al.,
2019). F3h 32919 f7] FRPFHE 7HAA e = s

= e 9 aAEEl MAAE Aleste] A<

F USRS 22 & = dE Ao® Buxa JrHGuo and

1o =2
Pennings, 2012). L&

A o AEAE s ] vtk A
At | AE8EHQ A o)7] wiitel], At HH= A=
o]-gsh=tl 715-3to] flrk webA & 7S g Al
A7) el vhadt 22 vk Ak Agsa gl
ek 2 Aol A s Ak o HAE] At ¥ 5
= A% =2 A4 & TheAs Hrte] 98, W2 o4
o] <At HA = teFd 947 A
=

o o
B2t A getel AR WS 24}

= O

At waltel Al A FH g B4 E(DS0: °F 0.005 mm,
Cu(z 5 A7) °F 19.9)0] AREE T} HAES o] B4 S A
Agk § #AsA E3fete] Adol o] &3tk Aol o]
43 BHAER g 7] 442 Table 1o YERAATL
71E9] Aol Hlanste] Ao R vhe 0w o] H
T UTHKim et al, 2014; Yamamoto et al.,
2015). = FAF BontelA AH sl o, Al fred
Z|(GF/C-47, Whatman)= o] g+ 5= 23] o]-&&}3lth

Nt

o

Table 1. The properties of sediment and sea water used in this

experiment
Contents Sediment Sea water
pH 7.00 8.54
ORP (mV) - 239.25 103.35
PO4-P (mg/L) 0.21 0.005
NH;-N (mg/L) 1.35 N.D
NO,-N (mg/L) 0.02 0.0055
NOs-N (mg/L) 0.03 0.01
Water content (%) 80.97 -
Loss on ignition (%) 11.50 -

2.2 2 m{zto| FAE

2 wzte A el walgd A AHste] AR &
W AU R 309 Bt Azt dxd @ s
A A FHslo] A|2}FE S A (Thermo Gravimetric-Differential
Thermal Analyzer, Shimadzu DTG-60H)S =33t ¢ =
ke B3 T AE o835t 0~1mm(Small Diameter,
SD), 1~2mm(Middle Diameter, MD), 123l 2~ 5mm(Large
Diameter, LD)2] Y7402 FFIH QYAHEZ 2FE =
72 oAl 24 2 ERE F8 22 400 C(P400), 500°C
(P500), 6007 (P600) 2 800T (PSO0)E 1A 7+ 44313t
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F, Qg AR Ay
= AWFF F, Syringe filter(0.45 pm) = o o] Ao AL-E-
SETh 44 435 0 2= pH, DIN(Dissolved Inorganic
Nitrogen(NH;-N, NO»-N, NO;-N)), 22|32 PO,-P°]™, pH meter
(LAQUA F-53, Horiba)?} F4E s 242 (DR 3900,
Hach)E °]-&3te] &483ith. Ad5 AA% 5, H4&
9] pHE pH meter(D-53, Horiba)2 A3} t}. o] & H

S 50ml Al el wol A4lE2]71(3800 pm)E °l*°”<>¥°4
HA=d =555 Bk Ee¥ S5 Syringe
filter(0.45 ym) = o] 3}sfe] AFeh $Ag FELS A E]
T}, ICP(Inductively Plasma Mass Spectrometer, Perkin Elmer,
NexION 300D) #4715 o]&sto] thx7- 31 P400, P500,
P600, P8002] SD =15~ W] Ca** =& A8t BE

=
BAe 33w AN

= o] AA el wpet HAE ] 34 Wsto]
AE @71A s Frter] A Al APS A6
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S AL 5, g 200mLE EAEC] ARAEA RS FY
3le] tlET(Control, Con)2 A 3}SITE A ¥5% 1L HDPE
ol B 4% 400mLet A4 &% 2 JAERE BiE F o
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Fig. 1] AFANEZ AZE & o] ANdTdEs 4
2 Vet Asen o 680C7HA # d 7] FEF £
2 %F 5%=E YEIRTE o] % = sjzte] FH2 45 3t
25hed, 800 CH-oll Al = wjzhe] F=F oF 45%7} sk
o= L}E}ME}. = W7+ F 2 Calcite(CaCO3) ] HEfZ &
Asht 2F 600°C o)) A 2ol A] Calcium oxide(CaO) =
&M (Eq 1) ¥= AS & UThHellen et al., 2019).

CaCO; + 177.8 kJ/mol == CaO + CO, (Eq. 1)
3.2 244 Y 7542 pH #HE

Fig. 20 &7 2 2359 pH ¥slE Yeldt 20
9] pHiE oA 7.98, AEFolA 7.76~7.929] HI=
el Th 7 W] pHE i ZTRoll A 7.38, A3 TRAlA] 7.10
~7.889] HQZ UElgtt g7 2 AET pHE g =

[

oF oo

- v -

A A4 ¢

ol

74 sk A

713k 8.5400 HlE)| wropxom, k=4 Wl pHE bS50 %
715kl el okl Ao vrepsith
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Fig. 1. The result of thermo-gravimetry/differential thermal analysis
on oyster shell.
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Fig. 2. The comparison of pH in (a) overlying and (b) pore waters.
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&) ¥4 (Egs. 2 and 3)S E3] OHES W&E3IA W Ca02] 71+
35 0] CaCOsHth 3=TH(Alidoust et al., 2015; Smith et al,
1998). kA 600°C o] dellA AAE & sfjzbol A g o
2 =2 pH7l YEIR O T, 800C A4 = wiZtol A 7M=&
2 pH7t #E5E Ao darEnh wbd P wE k=S
Wl pH ®igh= T4 @42 2o eyt

CaCO; + O — Ca*" + HCO;y + OH (Eq. 2)

Ca0 + H,0 - 6523 kl/mol — Ca(OH), <> Ca** + 20H
(Eq. 3)

3.3 Z44 W 7542 DIN sk #H3E

Fig. 33} Fig. 4°] &7 2 2352 DIN F%x2} DINS
T4 ¥E&s 727 YERth

22440l A 2T NHy-N s =5 043 mg/LZ S4 F Ao
HEH | PSO0(MD, LD), P600, P800 4 NHs-N %=+ °F 1 mg/L
ez geld ¥ P500(SD)E 4.12 mg/L, P400S 4.85~6.58
mg/Le] HEE A YERRth

5ol A 2T NH-N $555 3.67mgl2 S L
), & 7ol £FHE AFTY NI-N 555 HRTHY
F2 473~1325mgLe] W2 YERth £33 = 57t
2 227t S7MEFSE 59 Ul NN 557 oA =
7Agko] UElTh ol A4 2% ug T G =
of o&l A Eo oJg frE Ea|EEo]l AsEHAY] wiE
© & 3heh¥ Uf(Whittinghill and Hobbie, 2012).

P8002] NH3-N &%+ 1000~ 1240 mgLe B Z =4 U
Bttt = 7 W o] CaCOs®] gk AIEE +d% Folia 7
Z7F 48] HHA gge] F5o] A ¥ th(Lee et al, 2008).
= HZto] A FFolE ka7 AE 5 o, T
of A AAE o]&3dte] fUIE] a7 vt HX1E
T A Th(Pereira et al., 1994). T3t CaO 7}=2-3 Aol A &
Aot 42 HYE UHY 258 JSAIAE 3), 7718
Tl ERE ASAE ATk olE st A ufizte] o
= PR00° NH:-N %7 &7Fsk Ao =2 wpudr

AAF2] NON FEE thzolA 0.02mgL, P400 2
P800 4] 0.01 ~0.02 mg/L, P500 2 P600°] 4 0.05 ~1.81 mg/L
o] M9 &2 Yepstth v =5 Ul NO-N w5+ ulxT
ol A 0.02mgL, P400 Z P800l A 0.01 ~0.02 mg/L, P500 L
P600° A 0.03 ~0.31 mgLe] HE 2 YEFTH

AREH 02 NOrN F&w 5ol nls] 2dgola] =
2 Zo =R YEon, o= EHEAA §&H NH-No| &

=

EAk FEL UAOR B AgFlA A

i

N

coleld - & 47 - 717 3]

B I S \=

A NO-NZ 4H3}E 7] w22 FekE tH(OECD, 2002).
AFo] NO-N FEE 7oA 0.13mgL, P400 2
P800 A1 0.02~0.03 mgLE el WEH P500 2 P600-2
021 ~3.15mgLE YeEbSth -4 W NOv-N s 5 t=+
o 4] 0.09 mg/L, P400 2 P800 41+ 0.01 ~0.02 mg/Le] W=
=451t} P500 2 P600- 0.075~0.51 mgLe] =2 UE
Wk AMA 07 NO-N FEE HE5rt 2aleon &
%Om, NONO| 5%} AR F3Fo s LhebRtth
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Fig. 3. The comparison of DIN proportion in (a) overlying and

(b) pore waters.

A9 NHe-N2 271 0% o, A3 5 tizToA
oF 74 %% LFEFSTE P400, P500(SD), L]l P800ol A Ak
S NH:-NE 9F 98% o] o= FALE Wk p500(MD, LD)3}
P00 A= oF 25% ©]3t2 YEFRTE 79 Ul NH-N& =
7] °F 96 % o}, A T tjRTol A oF 97 %R YERRTH
P400 = P800°I M /44 NH;-N2 oF 93~100%% el
A P5007} P600 A= oF 89 ~99 %= LFEFSETE
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Ca** + 2P0} — Ca(PO,), | (Eq. 4)

Ca** + HPO} ™ — CaHPO, | (Eq. 5)

2
Fig 6] 23 & 1154 Ul G s=& YEdlth ' &5
S5 &l A oF 338 mg/l, A E 21 P400, P500, P600 2
P800 A= ZHzh oF 324, 304, 201, 790 mgL® YFERUL
P600 A Ca** =7t 7Hg VA vERd o] f 2=, 1F

=5
Ue] Ao =8 pHE 18] Ca*'¢} PO-P2] WHSAJo

7] WEo 2 BIEti(Kim et al., 2018). P8002| Ca2+ &
E7b b2 ATl e 2 o2 1eayd "1 = o
7+ o
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Fig. 6. The Ca®" concentration in pore water after experiment.
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