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ABSTRACT

The success of stabilization treatment in heavy metal contaminated sediment depends on the heavy metal bioavailability
reduction through the sequestration of the heavy metals. This study was performed to assess the changes in the
bioavailability of Pb or Cd in the Pb or Cd contaminated sediments by using birnessite and hydroxyapatite as stabilizing
agents. The toxicity tests were carried out using a microorganism (Vibrio fischeri), an amphipod (Hyalella azteca) and an
earthworm (Eisenia foetida). With Vibrio fischeri, the toxicities of both Pb and Cd were reduced by more than ten times in
the presence of birnessite and hydroxyapatite compared to that of in the absence of birnessite and hydroxyapatite. The
concentrations of Pb and Cd in the contaminated sediments were lethal to Hyalella azteca, however, in the presence of
birnessite and hydroxyapatite more than 90%, on average, of Hyalella azteca survived. With Eisenia foetida, the
bioaccumulated concentrations of both Pb and Cd were reduced by more than 75%, on average, lower with the addition of
birnessite and hydroxyapatite to the contaminated sediments. These results show that the addition of birnessite and
hydroxyapatite can reduce the bioavailability of Pb and Cd in contaminated sediments. In addition, the in sifu and ex situ
performance of birnessite and hydroxyapatite as stabilizing agents can be verified using the toxicity tests with Hyalella
azteca and Eisenia foetida, respectively.
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A=A 7l=mT golw, vABER] vibrio fischeri, A4
A R F FEQ Hyalella azteca, ¥ A7
Eisenia foetidas ©183t =4 ¥ =7 o84S
H7Yyetart.
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214 AFstA e, A FAAK H, 108 AE ARE-SH
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A B3I EHES AL Y 42.6% HE
39.2%, HE 182%°]R°eH, pHE 6.17, A7|AEE
(electric conductivity, EC)E= 0.36 dS/m, o] w3+
(cation exchange capacity, CEC)= 1.68 cmolkg ©|%T}.
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= 3% WA v)AE(luminescent bacterium)?! Vibrio
fischeris o]-831e] 54 29 3ol w2 vAE
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2.4. Hyalella azteca SN A&

HAE AMehs ANANETHFTERA 5T
25 (amphipod)?] Hyalella aztecas 2178381 5434
A T8 on, A2 USEPACIA AlFShe Test
Method 100.1(Hyalella azteca 10-d Survival Test for
Sediments)yS ZZ3FITHUSEPA, 2000). Aol AH&-H
HAE Alge A Medt WY S eSS
T AFoH LAFHEA Hrleh <3t wid H
E5 HHE F3F9 5%2 FYsHA 8T A1
 AY WS, WA 400mL EZ2 LU H]H
(polypropylene beaker)®ll 100 mLe] EHE E= EXE
9} oFd3}l vl (birnessite B== hydroxyapatite)S Bl
175 mLe] H<(hardness 95 mg/L as CaCO;, alkalinity
65~70 mg/L as CaCOs;, pH 8.0-83)2 i AAL 7)
A& QIFHofEloll A 33U HRAx] FIEE
3ttt TAIA] APEL Table 19} 2om A
ZLo2HE 109 F S0 E A4S He AE AT
= Mo] SH3IATE. Hyadlella azteca 573 2L 43
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2.5. Eisenia foetida M7 &% ME

Eisenia foetidas °©)-83F AEFHTF HI/MAHLE Test
No. 207: Earthworm, Acute Toxicity Tests(OECD, 1984)
£ Fasiel AT F EE ASHOR AT
! EJJE A]R 200 g birnessite == hydroxyapatite
10 g} 3 500 mL 870l A ¥& FH, S/ 100
mL ¥ 3U3F AT FHIE AlE e HEEeR ¢
T8 35%t IS RS TSI ]l o8

Table 1. Experimental conditions for the 10-day sediment toxicity test with Hyalella azteca (USEPA, 2000)

Parameters Conditions
Temperature 23+ 1°C
Light quality Wide-spectrum fluorescent lights
Illuminance About 500 lux
Photoperiod Light : Dark=16h:8 h
Sediment volume 100 mL
Overlying water volume 175 mL

Renewal of overlying water 2 volume additions/day
Age of organisms
Number of organisms/chamber 10
Feeding
Aeration
Overlying water

Endpoint Survival

YCT food (1.0 mL/chamber/day)
None (unless dissolved oxygen in overlying water drops below 2.5 mg/L)
culture water (hardness 95 mg/L. as CaCO;, alkalinity 65~70 mg/L. as CaCO;, pH 8.0-8.3)

7- to 14-day old at the start of the test
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A|7o](Eisenia foetiday= A3 A2} 3FF Zol| 1l Ak
2 7o} Fot &m71aL Wl Yol T &) gl
£ ES f28 5, BHE AR mEES Tyt
A}, A|Gol7t Agshad HAE We| frles SE9
o] &3l=E 37| fIsked AT o] Hol(Magic Products
Inc.)= 3o SHHY oF 0.05¢g A FHASLo 7 FH3}
Ak AFo] A 23L& 20°C F27|A BT
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ol Ado] Fo} wiES fEshal, JNFFANET
(Vacuum Freeze Dryer, SFDSF06, SAMWON, Korea)
5 o]83le] -85°CellA] 243t Bt HERAIFS ATt
k=¥ AZe] HNO; 89 smLS Wi 7ARE &t g
oM BESAIZL F, 90°CellA 22413 BRF FEREPHA ARE
= St AHEslE Sl SR 2mL WISk
2(B0%)E HaL 90°CollA] 3047 WhE-S A7l F Jdeol
A FE3) A3, 50mL FHFFE A5 045 um
GHP(hydrophilic polypropylene) membrane syringe filterS
AT RO E I BRES A ZHE §
#3t Ao FTFE TET IAFFFE=Al(atomic
absorbance spectrophotometer, AA-7000, SHIMADZU,
Tokyo, Japan)E ©|-8-3lo A3t Eisenia foetida
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3.1. Birnessite2} hydroxyapatite2| 2} §4

2 A77e JYATE Fok 83t miEEA
birnessite®} hydroxyapatite®] 53 4% 2 3}shy At
FgAdell thaliAl ofw] 5k ub UTh(Lee et al., 2011).
g3} v 1ol disled M =5 2E]$H Pb(NO;),
FE CA(NOs), & (pH 5.0 thale] S5 dS
F13Y3}], birnessite= ‘goll k] 362 mg/g, 7H=Hl
th3}e] 122 mg/g, hydroxyapatite= ‘goll thsle] 222
mg/g, 7F=50l 3] 133 mg/ee] HhE=S 2 ¢
S FRISIAY:. E§ TCLP2} sequential extraction®}
22 8= AFS S Ax, 3 vless Ak
birnessite®} hydroxyapatite= 7153 ©|sle] &5 <
AR T2 AEE 7L Ye AeRE EAEUTKLee
et al.,, 2011).
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Table 2. Toxicity for Vibrio fischeri in sediment samples

Samples ICso (mg/L)  TU (100/1Csp)

Pristine

Sediment 4.86 % 10° 2.06 x 1072
Pb-spiked

Sediment 1.04 x 10? 9.60 x 107

Sediment w/ Birnessite 1.87 x 10° 535%107

Sediment w/ Hydroxyapatite ~ 1.24 x 10 8.09 x 107°
Cd-spiked

Sediment 1.60 x 10° 6.23 x 1072

Sediment w/ Birnessite 2.79 x 10* 3.58 x 1073

Sediment w/ Hydroxyapatite ND ND

* ND =Not Determined

3.2. O|ME (Vibrio fischeriyS 0|28t SN HI}

Vibrio fischerig ©1-83t =73 %7} A¥= Table 29}
2t} 54 ZAI= 1Cs(half-maximal inhibitory concentra-
tion) = FRIston, 54 A34E G vlustr] ¢
3l 100S 1C52 2 Whr FAd%k(toxicity unit, TUYS ©]
£3le] sl tHTable 2). I+ ¢+g3t A
birnessite2} hydroxyapatiteS 23 EHEl| H7M1 7] A
A Al 1A o2 A ARe} vlushd st uf
Aol ofsf| Z/go] 108 oY A4k A1 4= QU
goz 29 HAHES ZA(TU=9.60 x 107)°]
biressiteZ} EAE Wl 5.35x 1072, hydroxyapatite’} <
A v 8.09 x 1072 7HA3IGrt. Egt Fl=FOE
G117 BHEL] 54(TU=6.23 x 1072)°] birnessite® *
gk AF 3.58x 107°0F wolds ERIF F I,
hydroxyapatite= 2|3t 7-¢-oll= 54 AE7} vivlst
ICso% A = At

HAES o83 SAAFAAE siXsk=t] o]
7R frefsfiof & ARk, T QAR LA
A oke EXE(pristine sediment)®] A-$-, A L¥E&=
A vl =& 79 HA(TU=2.06x 109)S K
A= "otk 1 ¥R12 Microtox solid phase toxicity
test A WH| Al Aokl AlRETE & ATl A
|F mBSPT WS TAVS Il AZelM %71
RS 710 R sl B4 EES FIRE A
FE HlagteEN =48 R Hed), o] w 1A
goll gt g | Alo] Aol JEks F= AoE &
#7 ¥} YTHCampisi et al., 2005). HHE A5 AL,
YRR B R wgko 2 Q3] gRke] wdsAl =
Ae7lE oy Aseltal dEn) oyt Ay Ao
SHAIZ Qlal, & AFelre HES o83 solid-phase
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Fig. 1. Effect of stabilizing agents (i.e. birnessite and
hydroxyapatite) on survival of Hyalella azteca.
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< AuRry] Yt Aol Ay Fig 19 At} 984
E9] 7% controlZ ©]-8-F Ottawa sand®} HluLste] A
TE0] o7l SHARE AJEEC] OF 80% oo E =
A ol AR Fe A= Bt T3 HEHE Qb
A3} mjds B AT, dEHES} HISS 7 e oF
Zre] AEE F7F AFS BT o= bimnessite2}t
hydroxyapatite= H. azteca®] S/g00 Q&S FX| kom,
23] HEHE W nF 5454 o3t 548 At
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8 JUATHFig. 2). T2, bimessite?} hydroxyapatite
S o83 K3t A Al, H. azteca® BEEC] F43]
Fods G F UAJMTHFIg 2). B3 HE=
biressiteS ©|83F A= HHA ¢ 04 FFES] He
100%(+ 0.0), 7I=F LAEHEANMT 92.5%(* 9.57)]
ABEE-S HTh 3 hydroxyapatiteS ©]-83F 7390 =
3 LA FEY thaled 95%(+ 10.0), 7F=F QUERE
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Fig. 2. Survival of Hyalella azteca in Pb- or Cd-spiked sediment
in the presence or absence of birnessite and hydroxyapatite as a
stabilizing agent (No Hyalella azteca was survived in Pb- or Cd-
spiked sediment sample).
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Fig. 3. Growth of Eisenia foetida during the bioaccumulation
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seven earthworms in each experiment group).
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Aol AER Fxo AV Zal(Hawthorne et al.,
2007), TEEA A% AE 54 FFS Cd79k Py 2
& AHrolldollA 7Y Atkar g4 Ath(Bryan and
Langston, 1992). ©] 95+ ZA#E o83t F5shd, <t
Azl Aol gt FA% AEES] Fee HAlEE]
A3FHo] <=3t birnessite®} hydroxyapatite’} L HEHE
20E T34 2 ARoleRHe) 42 59
3kal A (sequestration MO ZH 7S FOE AlR
2=

3.4. X| 0| (Eisenia foetida)= 0|28t MESX TI|
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Slo] BE $5E SHEXENA Eisenia foetida®] 737
o] FRILFAT. THE LHFHHEANNM] HAFES 24
HA] 2 B EA ] A Frs} vlasie] tha Zfo.
U FA Zol7F YA ke 50I00 M Eisenia foetida
o] AFEL LI 144 o] B3l & AH<
23 F50] Eisenia foetida®] 73740 2 FIS

FA| & AR USRI F ASTh
Fig. 4%} Fig. 5& 247 @9 78 LAEFEA
oFgs} x] 5ol WE Eisenia foetida® AFHHHS
UERA 2ol fEHENAM A A" ole F
=49 AU 27l A gle Ao=Z Yeyith o4
HA| 2 EHEANMY o SATFS 1 ug/g olskE 574
7Vs T oletiem, 7l=F FAT E3 6.6 pg/eS=E
ZArslnt. ¥hA . AXZl BRI EY Ay su5 4T
< 2 T Rt o LEEHEANAN AR
Eisenia foetida AW & 8T 156.5 pug/g-wormel| A
2724 ug/g-worm, 7F=F QLAEFENME 293.0 pg/g-
worm®l A 380.6 pg/g-wormO.2 -2 tlEke] FF<Eo]
SAES ERIT = AUt SARE TS A <t
s} vfAQ] bimnessite?} hydroxyapatiteE H7}3F A5
oF 2% 98%0] FEH FAT LS B 74
Ao g o QLAEHE ISt Eisenia foetida AN =27
o] bimessite® *2] A] 25.6 ug/g-wormoll A 44.8 ug/e-
worm, hydroxyapatite® *]2] Al 4.15 pg/g-worm®l| A
26.4 pg/g-worm® & JERTH T3l Jl=E QR Eo
3l A3 bimessite® 28] A] 32.1 ug/g-wormof| A
41.5 ug/g-worm, hydroxyapatite®  *]2] Al 83.5 ug/e-
wormOllA 104.1 pg/g-worm@ & YERIT} hydroxyapatite
F7H A9 T ASAES HuElEY, § LHEHE
oxe A 3} vlaste] W FH o] oF 90% 7HAast
O (Fig. 4), 71=8F QLAEHEANAE hydroxyapatite
A7lel W 7=F A A vlgo] oF 75%= 4
A< s HlEo] AAk(Fig. 5). k= A A
H]go] gol vlg] w2 A& hydroxyapatited] 23+ A&
o= ol 7ksdk 7I=HY FAanlEe] gl His) o
7] o, ol gt 7l=wY] @3EY Aoz A
w3 4= At} Hydroxyapatiteo] 28 £35S A
g32bo] H7|% slet], B3 TESS 8230 E EA)
sl AEsH o= o)§ Thesitt. o] w, 7k=He el
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vls)] g2lo] o Z Yo} (Chen et al, 2010), ©] uj
ol 7IEFY AR o] § 7FsSh Hlgo] Holl ]
3 o g EolAle Aol
4. & =
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A A A== Jrsr] K8l Vibrio fischeri, Hyalella
azteca, Eisenia foetidaS ©-83F A¥S F-343159t}). A
AAAFHFFES Hyalella azteca S ©]-83F AgoM=
X} 9] QLHUEHEE bimessite®} hydroxyapatiteZ
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