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Basic characterization, separation of heavy metals from harbor sediments
and the potential uses
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Sediments, leaching tests, hydrocyclone separation

+H - ¢X%%(% HEAHET)
%@@ﬁﬁ%’&%pHﬁ@%&m NIl Z A
pH dependent test) ~ & & %EE(Percolatlon test) B
AR W BB B LeachXS K 248 %) *ﬁ
T@ﬁZ@ﬁﬁ% Mﬂ%i%@ﬁ?%

BISOE
>HH}HJPKPL§'

Uplll.
Mf&?ﬂﬂ
4 “E



ARV E s MR SRS ~ R R B LA T

V& 1% 2 BC 7K 17 47 B 5% 1l Be 2% - DA 7K 77 B % 47 B 28 (Hydrocyclone) 47 B B2
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acid FE IS EY F Cu- Zn EeBETEREE > % Cu ZFH X
Sy Bl B 13.9% > 30.7% ~ 32.6% ~ 17.2% ; %ﬁé Zn Z FEHER Sy B By 8.7% ~

12.6% ~ 36.8% ~ 10.9% » Hft LI EDTA BUR i » H2S04 BUR K 2 -
M EDTA A ARUZE% Cu~ Zn > HIR® I T&JET Cu~ Zn EEE BT
ZBEE NEBF2ECBEERE AL - &i& > KA AN+
ok ERIBREIEY) 2 WA > PG EMALEB AT TM - 58|/ -7
R PR 58 P RT 2 26.1 kg/om’ BE Bl B BR 5 R K M > H B ML BE M 47
ABEH Cu-Zn He B > BrZEMEEMBEESBERIABE®E - R
AR E ] 2% R 0 RE P L A i 0 B K e VR BE Bk & ML BE A > T i

Contaminated sediments in the harbors remain being a significant issue during
dredging operations. Numerous methods have been suggested in recent years for
remove, treating and beneficial uses of harbor sediments. In this research, the basic
characteristics and the geochemistry of metals in the sediments were studied, and
which were subjected to pH-dependent leaching test, percolation test and column
test. The results of experimental leaching tests of harbor sediments are compared
with computer calculations, the LeachXS expert system. This computer program
allows to predict the metal concentrations and the pH of leaching solution at
equilibrium, along with the minerals that precipitate and the organic characteristics
react with the metal ions forming into stable organic metal compounds.

The result of laboratory research showed that the content of heavy metals
contaminants is primarily governed by the grain size. The optimum separation
process was approached through hydrocyclone separation and sieving. The
sediments might be classified as a clean sand product (d = 63 um) of 26.1% which
could be directly reused, and a contaminated fine sediment with silt and clay fraction
(d < 63 um) of 73.9%. Heavy metal contaminants tend to adsorb on the fine
sediments, and thus further treatments such as chemical washing and
stabilization/modification are needed before deposition and recycling. Results from
the chemical washing (extraction) technique showed that under 0.01M EDTA and
H,S04 as reagents with a sediment/reagent ratio of 1/10, contact time of 30 minutes,
the Cu removal efficiency was 30.7% and 32.6%, respectively; the Zn removal
efficiency was 12.6% and 36.8%, respectively. Besides that, stabilization/modification
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processes (adding with soil amelioration products) can make the heavy metal
containing sediment to be low-matrix leachability and which might be reused as
construction material. Thus, this research projects might provide a basic
understanding, and the statistic correlation among the sediment characteristics,

metal concentration and the possible controlling factors.
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17.2%; %3 Zn 2. 5 B~ A %] % 8.7%~12.6%36.8%+10.9% H ¢ 7 EDTA
22 % BdF o HySO, 7%k = 2. o f EDTA ¥ § 2233 Cu~Zn > fe v 5 e 5 3%
P CuZnE £ B3 2 BE M Flit R G2 2 2 BREF 205
A" Bt 2 2 st AR I F P 2 0Ti R EH I ARIET Ao B
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Contaminated sediments in the harbors remain being a significant issue
during dredging operations. Numerous methods have been suggested in recent
years for remove, treating and beneficial uses of harbor sediments. In this
research, the basic characteristics and the geochemistry of metals in the
sediments were studied, and which were subjected to pH-dependent leaching test,
percolation test and column test. The results of experimental leaching tests of
harbor sediments are compared with computer calculations, the LeachXS expert
system. This computer program allows to predict the metal concentrations and
the pH of leaching solution at equilibrium, along with the minerals that
precipitate and the organic characteristics react with the metal ions forming into
stable organic metal compounds.

The result of laboratory research showed that the content of heavy metals
contaminants is primarily governed by the grain size. The optimum separation
process was approached through hydrocyclone separation and sieving. The
sediments might be classified as a clean sand product (d = 63 um) of 26.1%
which could be directly reused, and a contaminated fine sediment with silt and
clay fraction (d < 63 um) of 73.9%. Heavy metal contaminants tend to adsorb on
the fine sediments, and thus further treatments such as chemical washing and
stabilization/modification are needed before deposition and recycling. Results
from the chemical washing (extraction) technique showed that under 0.01M
EDTA and H2SO4 as reagents with a sediment/reagent ratio of 1/10, contact
time of 30 minutes, the Cu removal efficiency was 30.7% and 32.6%,
respectively; the Zn removal efficiency was 12.6% and 36.8%, respectively.
Besides that, stabilization/modification processes (adding with soil amelioration
products) can make the heavy metal containing sediment to be low-matrix
leachability and which might be reused as construction material. Thus, this
research projects might provide a basic understanding, and the statistic
correlation among the sediment characteristics, metal concentration and the

possible controlling factors.
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R 5% T IR T3.9%3F Fpil J~ 3 63um(e ) ¥ ok £ B
T EE ¥ Cu~2Zn ﬁuuﬁ FERBZEELEE BAATEFEINES
2EEBEHEE > D EELR - 9’9:}%’ HFCU~ZNnEF £ B s

FEF AV AT (IrB42~43) B E £HL R A mEkR o
A A g ‘mww AT AR A BB AR
B(s)de B~ A Hr(s)se oo dEd R e BB LE S e 5o
AR E Sl A AR RS o

()M -ke (1:2) > 25 B4 4dkglem2:d F = (fw3gk) dk T
St 0 2 mik (< 63um) ik Rt 4 2 57.7% ;

(2) okt (1:3) %> 2% &4 2-3kglem2 : d = (wdpk) dUE
vt 2 dm ik (< 63Um)A B ib R T 4 2. 52.8%% 52.9% ;

(3) ;wa\LL (1:4) P> 25 B4 2-3kglcm2: d + = (wigk) Sk
voergt 4 2 ik (<63um)A B ik R A 4 2. 38.0%% 50.7% ;

BERET R RSP EBEL AE AP IPRITHE S 2 00k o

£ & BAE R E £ B F PR 4 k2 RAPE 1 HCL - H2S04 -
EDTA -~ Citric acid & = fa & & 5 28] o L @FHHHFY Cu~2Zn £ &
@%j& #5 Kf »2% » HCl ~ H2SO4 ~ EDTA ~ Citric acid 1% Cu 2. B F £ u] &
13.9% ~ 30.7% ~ 32.6% ~ 17.2% ; ¥>* Zn 2. ZP~F o bl 5 8.7% ~ 12.6% -~
36.8%10.9% # ¢ 11 EDTA »z % 4% > H2SO4 »x % =t 2_ o it ff 4 5 EDTA
Eefs 38 0 Cu 7 &% 4 F 5 585,981 mg/m2 - Zn B 681,673 mg/m2 >
B R Cup £33 4882mg/m2~Zn F &% 1 5 3,275 mg/m2 4p v
B F S o—“,;fl_ EDTA # 3 #»x%% Cu~Zn» ¥ 5 7347 &k ¢ Cu-s
InEEpPEI 2B TR G BREF IR D -

MRS TR IR ) FREET N By COUFS 67% 0 K
i 33%)FR A A A E 07 X TFiE 420 kg/cm2 HghFURB A KE-Cup
#£301F 5 550mg/m2 ~Zn F E3  F 5 1942 mg/m2 > £ = BMD i 4
Cup &3 4 % 5 540 mg/m2 ~Zn 7 &% 415 5 2100 mg/m2 4pif - & & *
P ‘fif;f?lj P& B (U 4 88% 0 2 e 12%)7 % FUR B R T 6.8 kg/em?2
K 4 R CUSZn E & BB 3 1B S AT T0%: 4 s 30%)7
:k#mfi&g)i F 26.1kg/cm2 H ghi R AR E S P HTHILE A ST T3
i Cu~Zn¥ £ E%'TAHM%HB TEBEDPREIN - ARET T R
B E I B AR A KRR REY ST H RS TS AL R
oA R R A o iRk R ﬂi%‘i?f AR TR UL 370t 08 - S ]
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At 38.07%-57.7% » £ — ZIFRA ek o B F AR AER BB 2]
F(<37um)FEF * 5 LAk gk o F 5 H g o

3. Fk/E RS E &B 0 T G rkiL]

5 HSOs»x % dicif o e H ¥ > EDTABEF
e bt P CuZn £ & AT

LFrizho

4. TR P FHRSLHATER Y o Rl § B2 2 H s WARR
VR R AR REFE LA R TR o S RO B
%%%%ﬁﬁ’Wﬁiﬁxﬂwvé{m#&ﬁﬂ?$%~ﬁ@ﬁ4’ﬁ
THFER BN R Lﬁpﬁw AR R P Al E £
AR D7 A A ks T e BMD(Y 2 AL £ ) RAPKE o 3%
BEBBLFHOCAMS (Rl B ABAKE) PREFIERY 2R
BAilPFPd BVRits¥aaimidflr BBy iflr

ERER

EE AR E AR R R g A R e ] R BT R
Fro ts FACEAE AR o EHRA KRR SR AR RE T B
PEACLE X 2)RA(IS R T RFF)SE 240 MR R D
RN &0 SR R SUEEY Y



FE FHEGEEAR

F—E FrEGEEE

1-1 GHEELHHY

Ep B A B RREKIRTR - BRI ) D EhiE e T A% - )1
SRR EE ~ A TSI R Ry E e RIS B T Z ek H AV - [EEAE
T - NCIEEEMTT - AR ~ a1 ~ R & 48 ] S8 3 EL) (R o HHI B
SaELEGE - LHESESEIEERE SN T HERE A EFRE
LREMBEERE - BT EENE LRSRE - B ERRE W &
REFFAI IR - AT 8 & B ARE ROSRE S e s EE PO Tl b R 1 Al i
B o M HATEEHTFTER - B0 R S E A e Al il T AR5
YIRS ERRAE T IS AVERIEERE o H L A L m st I s e Hk e - AV
WA S B (e ) TS ER - RS AT R

AWFE LA RRPTEM LA Rl e - Ryl B 5 5 S )
AAREREE MR ESEL YT EERERDIRYIERN - KA E
BHIEH - MACEREAH HEY B AEEA IRY E Es A TR R BeRs > DL
TRV ERER pH EE AT R > WA ESEA HEdRE Z i REt
Hll > iR B E S AT 2RI T - RENIERCK T s EERBEEE - DUKT Tt
Jit 77 e e (Hydrocyclone) 7y il B <0 Ji 2 B 5 Z AR B E IR - F LA R
b R ZEDERREED R T B8 - AL - RS IR E - (R A T ZEHEED
#EIT > B8 BRI T - AEAOR I RIRIR A S L -

1-2 SITHIRE &

HITHARE : 99 4F 12 H 29 HE 100 4212 H 28 [ »
HITEE  BlfasRE BT TEE -
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2-1 BRI RERNE
ARFERE LU AR (R BT STy - 24 e B R ey SR BRI %
2-1-1 1= A S B HHER U At e

B R B R ARSI « (RIS TG I e
> T BRI A RIFEAT B B DI B B R AT
R R BB SRR R — A B - 1059 AP PR Bl 12 fRiest s
TR > 25 2000 R BT S (H AR - 8 (P KTEEE - HAl
SEEME 268 FH AR » FEEIEIATE/\THEZ - BAFESE 18
AN SERE 12 A SR 6 AE > TIEAT 118 B 26 266 /48 - -
EETEIL (B0 f (B R0 SA AL H—EIOE 11 4
R AL 100 23 » UL 80 AR 5 25 3II/KYE 16 AR » 308 250 AR »
BUETE 140 AR < BEREEAE 21 FFR - SOESTEFURT LiaHE TaE
S RS A B1(06-100 4F) | b » 4181 96 7 100 2 Sep s - 318
S IR SN, » LUBTRIERE RIS 5127 AE R
I8 T ESHEEMRS L ) BREEH, - 338 5 HKAE-165 ARDLEZ KR
TEEETE R (B 183 /BT FETDASE 15,000TEU SRATE R &HEE 5 e
42,000DWT 82 1L SRS 8 R G EHMEE T BEKER-14 AR -
BES » S A CIIER R SR 300 A A4 - 17 R B
B BATETRALN - Y A 13 FEESEETR R, 2 RN IERE » FEoE
EREL) 6,500 2R ARIEIFE-16.5 2SR ~-18 4R - (RS EHB4EE » 2010)

2-1 Bl =R (adapted from =EERS)



2-1-2 MR Sl R AR

SR BB IE 7 = KER 7 (FEIESK » 2004 ) + — Feoul ) 11305 ke Bk
IS FE AR A R INEEE DA = Ry ASlE TAZNE T < f< Chen et al.
(2007) e iEAE NEREIEVRRGERET S E e SifEe
J& (He~Pb~Cd~Cr~Cu-~7n)° H > Hg0.1~8.5 mg/kg * Pb 9.5~470 mg/kg *
Cd 0.1~6.8 mg/kg ~ Cr 0.2~900 mg/kg ~ Cu 5~946 mg/kg ~ Zn 52~1369 mg/kg » Cr
Cu~Zn F=TEEBAE Rimm 2R - S HEE 90-93 FH S IH e T 7
#2245 EE T > BETEJEYE He 7.1~17.2 mg/ke ~ Pb 20.4~646 mg/kg ~ Cd 0.13~9.60
mg/kg ~ Cr 15.3~176 mg/kg ~ Cu 43.2~452 mg/kg ~ Zn 203~451 mg/kg - ELE&M = -
SR B S A T e AR S > Cr - Cu ~ Zn FE=HEEAR MRS
Bk e A R M H MR A SRS R RN A E R L E A
B HErE— GEEBEE) Fif -

FEE > IETERVE H AT A SEEIRME - 7 RACA A& E T HIE AE
A EBREYRI N BEER T TEFEESE LRSEE - R TR
ARETEES  FEEMETFAREMEAHTE - 2 /R MrEHES
% BEADREY)SLE 1 #(Sediment Quality Guidelines, SQGs) (#1%% 2-1) » FLEIL
BEYIE KR EFHRE - SR RE 96 FHRENE RS FEERE R 94
BIIAR EP AR - esuE - FUREEEE - PANEEE « JBEEE - &
EHETAFE TAREE - A WRFERRE - SIEEKE EEEHHENEEE IR ]
W 728 mTRE T = R e BN PE B o O DA e TAR » ff H RTaS i oE s
W S EE A e A I e TS L E R T AR (1R 2-2) 0
HUF A i i B e Bk - PRI 20 A TR RS bR e iR B bR
BRI - AR ERIEE -

72 2-1 FEHELF(FEY) e+ & (Sediment Quality Guidelines, SQGs)
(adapted from Casado-Marti nez et al., 2006)

Sedment quality guidelmes for manne sediments included in this study

CEDEX, 1994 Long et al., 1995 Riba et al., 2004
ALl AL2 ERL ERM V1 V2
As 80 200 8.2 0 27.4 213
d 1.0 5.0 1.2 9.6 0.51 0.96
Cr 200 1000 81 370 - -
Cu 100 400 34 270 209 979
Hg 0.6 3.0 0.15 0.71 0.54 1.47
Ni 100 400 20.9 51.6 - -
Pb 120 &00 46.7 218 260 270
Zn SO0 3000 150 410 513 1310
3.-PCB 30 100 22,7 180 54 254
®,+-PAHs — - 0.35 2.36 - -

All values are expressed as mgkg™ ! except £-PCB expressed as pghkg '
ALl and AL2? are Spanish Action Levels for dredged matenal management;
ERL and ERM are effect range low and effect range medium and V1 and V2
are sedmment gquality guidelines developed using data from the Atlantic coast of
Spam.
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PeF TR B EE A A SR

59 SEERUEER R EETARER (1% 2-3) > HEERE - AR
ZAFAER /AL 20 o m FERL (LA 2-2) > A0SR N AR B VAl 1 R4 e
Rk > H RS Y REE (LR B AN 2 EE R

%22 BIESESBE HIHE H AR ((TBHEREIREE - 2001)

EfHEE L
fif (As) 60 =5, AT
## (Cd) 20 =25 AT
# (Cr) 250 =5 AN T
#i (Cu) 400 Z5, AT
7K (Hg) 20 =5 AT
#7 (Ni) 200 =5 AT
i (Pb) 2000 Z5, AT
# (Zn) 2000 =50 AT

22 2-3 HEEEEE N LA e EwE & E (Detzner et al,, 1998)

Parameter ciamulative fraction
sainple = 20 uin
Arsenic (mg'ks) 38-19 27 - 65
Lead (mglg) 29 - 120 100 - 220
Cadmium (mg/lg) 1-7.2 1.9-13
Chrome {(mg ke 20 - 93 92 - 230
Copper (mg/lkg) 18 - 130 &84 -310
Wickel (mg/kg) 11 - 49 51 -95
Mercury (mglg) 0.3 -29 1-12
Zinc (mgi'ke) 190 - 1140 660 - 2400
Mineral oils {mg/lkg) 10 - 424 -
EHCH (3) (mg/'kg) = DL -
E PCB (6) (mg'lkg) = DL - 0.07 -
T PAH (6) (mgkg) 028 -174 -
Organic matter (o) 2.3 -16.6 -
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2-2 {EEREEE N VR AEET Zn ~ Cd SeAEYI S 2 A E kb
(adapted from Detzner et al., 1998 )

22 FRZERYTESBEERIT

pH EH TR INEE 2 REE: » —RESBERMEIRT TR S 25 HR
R {HUAEW Hg ZHEE - PR N EFIpYE L o &EIA997) Dt E
Episesi et - MR T - EeBIVAHE ik > £ pH7E 8-10 0 » &
ESENAHES BN & pH EAR 1205 §f ~ §F - 5B HE X 2 RS
2 HRBBAEYIEARE pH B T 25 ERI GE bR » T3 sHigEs
—EHVEE SR EESBANE TR [ 8 tYIsE e & pH 1£ 8-10 I -
SRS N AR pH B - BB RGEEIRRE - RSN  fES pH E
B BB EGEEE BN /KT > AR INE NN o Eighmy(1995) DAt E
B (L/S=0)F:5T pH EHE(ERK T EEAHNTZE  tE —-BEHER -
Bruggen et al. (1997) DAEERE SR PGHET TAHU » 455 7R3 E=E pH (EAY N &8
B0 #Es - Hep Zn ~ Cd 7E pH E/INY 5 BAHZF ]y - BImAHE
ESEIEH 52 - 0 Pb ~ Cu 3 pH<2 1B A BHIGAH - pH BB R
A BT EA s Cr B HEESE pH 7Y 5-8 iHS R/ - HEUESER KA »
& pH (1 NIRRT » E8E 2 $i AP CuO » Cu(OH).CO)RERTHY Cuer » S SRS
#a10 > Pb 1 pH {ELL N BA HPbO* BURE A% - HAA A PbO 5 Zn fE= pH{E T »
HZnO* A K> Zn(OH): &Y 300 {5 /£ A HAH, -

BB A2 MERIN B IR RS P a i ~ 557 - 3R - 6 - SREEERE - R
Ma AT R Ry Rt ~ BiilE - IR EEY pH (H N EEEAAE
HE R > ERELIREOE — D A B E R AR DR B ~ 8% ~ 8%  $800(
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ARV E s MR SRS - R B LA T

B o BB (0012t LUMSE A TR AR i 8t ~ $RFE B A AR
B R B EEL - EEMIG— B 28t ~ IRE S T AE N 2 TS 2 G
RaagaEb BT 6 IR R HI8 P E B RE R ESH 100me/ke K 5
mg/kg LU (LLO.IN HC1 ZEHURAE ) - (£ 0.0SMHC1 2 0.05 M R Ttk
TIECE R - e AR E PR OKEE 105 520 (RREE T R 1 /KEE
122 SRR BRI A F AR 7 B IELRAE - R 1R & R G E R B Ae I8
73 STHEFEEIEEM - Wi m B HIRE IR el DN TR E SRS
B B AR o TR AR B A TE FR R A Bl AR - i V5K ia e
B DI IUSH B - BOGHSSEEUR TIEEIRAYIRIE 1.20-21.34 me/kg [FEE
$Ia1% 3.33 melkg > “PHEERREERLGE 19% > $ob VRS HEIEHTTY 114.09 mg/ke
P % 51.14 ma/kg @ “FHRBRBERG F 60% » BOA% TIBREmE(ELE 7.6 /o4
AR RS - RIS O AR ECE A - I 1SR LAY R -

Oliver J Carey(19760) BB Z 20 1 N #2775 > 43 RIEHIA &Y pH &
BLEE BB A AR - SRR E /D BRI > pH {E &R N {fE2HY
RERNEIe S - Z1& TREN BT le A5 Z & Re JI(#15 pH ([HELZEHUSRSN T2
TE B pH HEE 15 K WS SBHEERBERINERTRIE » Veeken K
Hamelers(1999)58 Ryt B& AL B 221 2 e i (RRG  R B AE) 5 e P st
BTN o HERSERGIRAE pH (H 3~5 AVHEE N TR ] 22 &=
TEEFRRIEAY - MEZERURZ pH {EE R m Al E R BT S
FVBER - MREZRZFEN (1999) BUKHEE (EIREER 11 20 » A 24 K 48 /1N
) ek (EIREERy 121> 1L.OM K 0.1M HNO3 B&% 24 /NEF ) - HEfTHDHTEL
S EIGET BB $SRET/KE AR E Bl 2 EHIEAELT - E
B e R A] DL H BREA% B0 R i 2 SESETURGE R R aRAGHESS - [R(USHE -

bR TERSESN > MERZE A EIEEE SR 2N By il 1T 2 287K < Nystroem et al. (2006)
FeH > BeR : HCL; Z&7 ¢ Lactic acid ~ Citric acid ~ Ammonium Citric 2 1] HRUA
AR FEY) > FEEC B EMTOEER IR A SE © 5545 » Vanthuyne and Maes (2002) 7R
fat > AR ERSEC KEX ZZ-E&Em - MIBC JERA - ERFERIT=NT AL
FRIESZ Cd ~ Cu~ Pb ~ Zn EHE@/ 548 - &ia DHCEE - MR - ZBERI50
SEEEIRE Rl T 2 BT - 594 EAEHESBESERTTE > IR H A
HREAL ~ B - B - B L/ARE LR J7 = 0(Nystroem et al., 2006) B B &
R AGE et BURI R ELEERVE ARG AL EIRE )T - R IEE(LEHAY © Neale 5
A9 EL 0.01M ~ 0.05M ~ 0.1M HY EDTA ~ DTPA ~ NTA S AEERE 77 < 2085 -
B~ BT AEY ) G LI TR 45 IR S R A R HURCR i = T 2 95% DA
SHI Ry 60%~80% © 58 2 MR RZE - H it EDTA 81 DTPA ¥ #8AYZEHRR
SR 5% » B EDTA Bd DTPA #AM R TiE 2 =(E8% - [toh » EREH
0.01M £257-% 0.05M 5§ » {EFtt T BErp BRI R HRCR 22 - R - ISR
W E @I PR ER S T FEZA — R EREE - Yu & Klarup(1994)
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FIEZENE » & EDTA RERESEFTEER - ZHABERINEERE -

Hong J Pintauro(1996)25 ¥4 NTA B EDTA 7% pH {E/ M 2.4~4.4 Bl 3.6~4 4
B > @ridpk 148 pHZPC 7 28 » {5 Cd-NTA-81 Cd-EDTA2- 7 A FEIR it > 157
BN &2 EDTA B NTA RS HETAHY » EHSE 2 ABREES153 01 By Cd>
Pb>Cu B2 Cu>Cd>Pb = w8 AQO0D)FIH 2Bk R S - e A B B
('sodium dodecyl sulfate » SDS) EH L E2 544 138 > 45584830 SDS H/K R
BT BT IR ER T A SR AR 0 TR I TR R AE S TR AT

2-3 KAy miEM
2-3-1 RLIRYIPIER 3 BER G

SRR ORE (USEPA WIS R - KB/t 5 ey B B 4l N (4
it s t)FRmE B FER—ER T - RUATHI AR S sl - SoReHA )
BT o PRI IR H 5 A IR Z Ba i - P o B o (RS BRI
HYHEE (AR ~ SN ~ PEER KA T DAoT il 2 5eifa - —fPr PR A Z P07y
BER AN 2-4 B - Bl Refy Ryig o Bt - 3560 > A A YR B
Rt 52 3 h 2 B )5 AR e 1R PR B B < [ Ui L T T DAL
Wz B2 - &Ly BN FERL T3 B ONeE o B Y R s AR 2 S
B e s B BRI B AR R RS S0 /KRR BT R o B 5 ) - R [
B EH QU527 HENRRE - RIFSEITHNY - DHEFRER > AR E A

T -

% 2-4 FRF ¥ 2P (adapted from M & =, 1995)

LI WE(ES)

LA o i (Froth _ .
. i
(54) (55) Y Flotation) wh 8
v e | AR BAEA A . .
N R At TR I 1) B T T Ea -
KERR |4 i:'zir-] ; -Hj MRABRRF @ | ARRRERRE] | g g | HIR BB AR
aE L Wolel s B | T L e T Pl B B AR R | -
’ o e e E LA RE R | Ao o R
bz ¥idnibif o Eiql]
2
EH bath B
BEAHRADTE | By RlrTE | REARAnTE rﬁiih ;Qi;nf )
LRAE | ATRERNS | FATLRRSY | FATLRAHY | Sumiipgy Lo SO
Py e B fields) = B B
A A e AR
BEGHRHE & | PLAPRARA | FLBTRESA
BRRH | ABRA- BAS | B2t wiR | R2ht wiR | ARRERER | REABEALD
AENE BHETERER | BLTo5R 5 &M




ARV E s MR SRS - R B LA T

REYHE RS - &A BARGREBUE R - E S B RcEH AA R
BRI [EHL RN « DISEEAIESEEIHY ARCADIS 4FK TAZRAR A 5] K fl(Mann,
1999) » HAEAT BHIFRAV G0 > EEiE S ER T i o (0 e R
AR PRALAEANS 5 mm ZBERGR T~ > FHERERGR 1 A E i Bk AR BT
HE— B RFRRIORTL 2 mm 2 [EEGK T - Ryl R AR ER AR T A TR T HB A4S
KRMLF TR - 5% et i B 7N B = BREKes LLPERIBAE R 1~ - Frilbr 2 Ko fg
THt 2~5 mm R 4R T HERR T & B HARR - FHERIREIGIE - FrA R/ N
2 mm 2 &R 1Al E A KT TR 7 BEs (hydrocyclone) A2 JE b #E 7R 1%
SRR~ A 4R A i - SRR - B R R A H B BRRR - A AR LD a5
WA TR H R AT e R e B REAFAE/KSREHE > IEHEEY)
AN~ DUk ~ IR ~ W KRBT IRET - FHLLETATT A 2 P i B el
Kpa Epa - ST NEIRYREOK > BZasi B ~ dPRL 70 MY ) AR (cutting
point) » PRI IR E &E AR /K T 705 70 B e 08 R R X BERRAL T Z RN - SR
JERER - HIRFERZ EEMI5A - AR A E RS ADS R TR > 2K
AN SR T IR AR D - (R E S B SR S MR A (micelle) 45
DICEAT T P48 B3R (flotation cells)iRr > F2 Ik (FReAER ~ BREIE > 2008 )

2-3-2 KJThesR s (Hydrocyclone ) [ HEERfE

TKITHER ST B FE B O IR K (BESE) th Bk AR B 2 3 E » 12K
TR oy Bl B L 1355 » FERI Y 7 Bl AR IR RN AT B 155 2 7 Bl A
15 100 £ 2L b o HAYSCANGE 2-3 Fow o ERE AR TR RS K (BREE) 1e4ats
[1 (Inlet) JEA - J4fE#E (Cylindrical section) PATIARE 45 A » FIF &K P45
HIEEAREFF 8 ot s ek BB $E SR (Cone Apex Opening ) HEH
TR R e Ay HI F OB/ (Vortex Finder) FA-ZETEES » FHIEEZBBHLIER -
BE7K (WEAE) 45 ABRJTH8 T S 15-65 psi > fRFRNOAHEH S ak o Bl 2 A2 FE T -

s BUK TR T B e Z AT/ % > EEE KT TR r#Ess (1) FEEfEg »
(2) $fEETAE ~ (3) REER » REXKEME - (4) BEOTIREEK ()
VIR - Hr - i B e E M » AERARS R~ 3-15 1 A
€ 10-20 JEfH - e 2 fFH Re op A (Short circuit) > BHE ~ RIEKHAE

AIPER AR B . (ANtE 2-4 B ) »



Underflow

2-3 K IThER ke ss (Hydrocyclone ) s~EE (adapted from Bergstrom, 2006 )

~ Flow reversal
inside the
vertex finder

77

Eddy flow

S Annullar
reverse flow

2-4 FeEEAERRER  (adapted from Bergstrom, 2006 )

554N > BT O F s DR B A N e A T s 0 > B0 158 (Centrifugal
Coefficient, Ge ) Ry (I hNZEME B E Sy N2RE 2 bk » AR VIR Z 88

2
Ge= - 2.1
gr

Hrf o Ge Rie 0 A E
V Ry PSR
g REINIEE
r Ryl g



ARV E s MR SRS - R B LA T

X V= 2gh 2-2
h HHETEK (5T 46 ABRJIRTiG A2 KAEEE ]

R AR sy es AITRE ) ~ X BEGRORLIE ~ EEVIHC ~ STEEGRORCR - #E

HKITHER o B eSO RE R ABROR 3845 - PR - SRR a2 8 Bkt
FEREURLAL - -
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F=F Mg AEERE
3-1 TERE

KARFELAT A TR & s R MRS R o U BB A RS 4
Fo B> ZVEHETITSE - TAEN BB ST IRYIERE: » DRI ARy
Mot ~ B EE ERr ISR - B R MAE A ~ AKI B o BERS PRI
B R AL B IR E A B T TR -

SFENT GBI REY) Rt 55 BT EYEREE - EeEaEsEn
M~ BEY 1T ~ BIRIAHE R ~ RIS s WIER pH HWItaRR A
M2 s B s T Foill B (pH-dependent test) ~ E 15z (Percolation test)fs
S BYESEAHEE BB R ARG IEY T ESEN pH (K17
&2 AT Ry WA EE 8IS BB E 2 vTREREH - BB IERC/K T o B il B
5 > DUK 705 o7 B 25 (Hydrocyclone) 75 i B2 <5 & 2 S 8 = 2 SRR AR V&) (R
Yy SRKIEEIRESE - I BRSNS K TR i s E R E R BBR T
DA SRR S BB SRR VR R B8 - LA B (1) &K/REKTT78E ~ Bk
e BB G RE SR PR 2 B UREY) ~ (2) B B EOKERES 2 BiM - FER
FESES PR ESIE w e b IR AT HIEIRIR A SRR fl o R E
CIUEY) KRR ERETRE (Bt EEFRKEFNHZ BE -

3-2 EEp T AR LT
3-2-1 JJFEYIEREE

REFEAIT R ETEE - B EY Z CREE » BEEi  y
SRR ¢

AEEY) 2 R e R R T R R A ESTEMHZ R > A E R
M EEREE - BREERERT B 100 £F 4 H 12 H > 2R 0 $FREEIR R W08 3-1 Fios
SIREFTEREUH) 1| ~ A TR 2 IUEY TR -
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ARV E s MR SRS - R B LA T

3-1 &) FRY)(IZef(b) Z et LR IE

12



F=E WRTARIERE

3-2-2 JUREYIEE T
Mo G T RS IREY) » AR ST
LA oy i

HRHHERZ 1% 2 AR Y7FFHL 1000.0g > E A 50 ~ 100 ~ 230 - 400mesh 7 fEEAE AT
BN > DIREDERRETTER 8T > 2 1% 6 S EREE G _L 8 2 R DI i AR
= B5E LU EEWREEENEE E R/ INA 10% > BTE SRS 2
ISRt

2.pH {H

TRIZIRZ 7 208.02C 57 &2 Y)( NIEA R208.02C )2 GRS 5 #(pH H)
RITEERE S (FRY) 2 pH {H - FEEL 20g ARE YN 50ml 2 BEFRN - A
4oml SATIZK - 25 EFRIIE - A6 HFF PRI 5 o088 AP B FREY 15 70
(R RATRER 7 [EI R OB > DA pH EEAOHIE 7KAHSE pH 1E ©

3ESBRERYE

FTF 0.05g JifEY) > BEARCHLATE M Z #mmER T > JIA 2ml HNO; »
2ml H3PO4 ~ 2ml HBF, » & [ #o 58 & FOBBRRI 1% - IR FNLLUIE S -
R R I ABICR R A B 25 (Milstone) R AEFTIRAL - JRMESERIR P 228 > RERME
RERZE 50ml > DURGEIDGEEICPENE T ERBE LRRE » HiAL
AR E R BRI LA S R e S TR ZHE -

4. MRS e

TRIEIR R BRI R BRI | e Z IR A MR NUE - SellERE) Y2
pH {E > HY 5.0 g ZJURY) » JOA 96.5 mL ZKHET7K > BIZURH S 775 > DL pH
B M pH {E > %5 pH < 5.0 > RIfEHZEHUR A(ZEHUR pH £y 4.9310.05) > 5 pH >
5.0 A 1L.ON Z HCI 3.5 mL > & ESRIVEEINENE 50 C > MiFFM 10 7788 > £F%
AR =R ENARZ pHAE > %5 pH < 5.0 - RIEFHZEHUR AGEHUR pH fy 4.93%
0.05) > % pH > 5.0 > HIEEFZEHGK B(ZXHURK pH Fy 2.8810.05) = [MITRIHHUIIEY)
100 g DAL fIIA 20 5 fhnEE Z 25H0R > B e E L JEEHHAR f 3022 rpm >
Jedsar i Ry 1842 /NEF (efEicEANE 3-2 AR ) - REHEERF RIS R - LL0.7 1
m 2 BB RAUETE (RRIERAZAE 3-3 Aivr ) o ABHSCRIE A B
#(ICP-OES){EHIE:H Zn ~ Cd ~ Cr ~ Pb ~ Cu ~ Ni HEEEEE -

13



ARV E s MR SRS - R B LA T

i — —

—1(30+2 rpm) FREE %

3-2 B ME AR P (TCLP) IR B

5. RMEREHE

REOURPIRGL » BN EZEHSREZR IR RN EZERER - ISR EER
FARE KRBT /K OB RE i B s e 2 s NEIERS | - &SRS Z 58]
Bk 2 1% BT HZE IR - PR IR IR an B S TR N 2R R > iR ZE R
HEITETRMER AR -

6. K Mm TR I

PrIEZ A1 - B DA E B 2 K E T (S FER R 2 e BT R AR
HT 2R o el T E B T R e R Z 0 1T - BEE AR (EDX) ZH(F
PR Ry TRTHAE R HIE H 0 1] 10.23KeV - {7fH] Fy 100 £ ©
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— A Ak oA
#H =

ou

va 0.6 &
A Eds T S E
0 Bum 3 3% 3 R BT T
o s R
-
EE@Eat e & T AR -

E 2

w06 £
0. 5urn 3
ELE
R

¥ % E 48

w4 zE1 @) 5E A=W 35 He
E N Ea -

e 0.6 £ .
0. Burn 38 34k
Fi i A

(22 EFE -G8 M ZHE

(12 3 79F 4% 3 hE 4 o -
HE M HA_ A, B R 33

A F S AR
Fiy o AN T
HERESTHSE
S g, =

3-3 FMEREA AR (TCLP) R R i ]
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ARV E s MR SRS - R B LA T

3-2-3 iRV E s R e

AR H i i NS AREIRE - HACE i HEARE B A F e e
BIEERE - TR E B DR E o BRI S RE A
SN RY) > i e B AAERR R R 880 E - Bl it (R Al &
IS AYE HIREAE > By LA B AT RE I R i mT R - SRR S B
ARG Z AT Ry AR P BB & B R (BRI e Ry 1T > B mT B sty B
FOKEREHEAAR AR  JTE IR - BEgEatfet CGREEHEN) BRgeiy]
AR e

A. pH SHIaRE IR AN N2 A s B2 A T Byal B (pH-dependent test, CNS 15223)

2 JTEBEARAIE pH (EEEEEY) IS R nUA IR 2 2 E - HOR
SRR AR A = P& S - MR INEL R (HNO:) 2iis®(NaOH) - pH #ifE £ 2-12
T IR EEL/S) T TE HmEe - SR i ZRIEHER 95% /NGy Tmm - H5#dE
RefE] &y

HFES T CRINEEEE ) © 1 to~toan/NIFIA > 43 =25 BRI A BB 5l -
HFEE 1T CSPETPEES ) © 18 ton~towan/NIF A > By PP EY
H%:‘EQ [1II (Egéiﬁ%ﬁ§> : T//:é 01440~ to+48n /J\E%‘W ’ REE@K%E& °

(Bl P BRSE B1% - AR BN pH B > FReflis i (RpEz A+B+C)
Fy A8 /INIf « =PEEG S % » S HIRALHE 0.45 1 m JBARMEE% 7347 pH ~ ORP ~ EC
HEEEET A A R DOC 5 - T#AIE pH IRRE N & BB /AT
Fo S ATRESRGERIRE

B. &t EEs(Percolation test)  (WIFHE—Fm) ¢

B T OM R 2 FERARES (RN mm) - FEEE D column testACHER HAEENA

RN > R EORSUEARE > A RIpH=41%(F T (BEEERRZK ) 288 liquid to solid ratio

(L/S) 0.1-10 Vkg Ko 35 > 51 Ishort- ~ long-term leachability » 3l FHAER&AIM 2

s E A METE R E - B HpH=40 B3R E 2 A0 L7 (up-flow)
FHE o PR a*mofi ABHE » a=0.025 Ike-h » B E LT #HREE10 1/kg dry matter

BT R E L E3- 4P o

sEE S BRI T

() EEEREFAELERN8TC~22CH -

(i) FEMEENER W BEEEEE > BHEEZE10mg -

(i) KEIUBEYIEANE T - WRFE > (FHEHGHEEES - A% > FREK
RS EAEAE o lERENER (FEHEEZE10mg) -

(iv) mo=m (1-g) » ErfmoB I FEYEZE (ke)  mAFIIEYE (kg) eha/KR

16



F=E WRTARIERE

(glg) e
WHETERESER  (FFEpH=A AR & 200K » AR (up-flow) 7720 » DUREq =
*mofit AEFE > a=0.025 1/kg-h » ﬁ‘tﬁx(L/S— 0.1,0.2,0.5, 1.0, 2.0, 5.0, 10.0)&fT > H
FHERFE] 1/kg dry matter ©

L vamewia s I
2% 3-1 Percolation test EEafEfF

Fraction Fraction Volume L/S (I/kg)
K1 0.1 mo 0.1
K2 0.1 mo 0.2
K3 0.3 mo 0.5
K4 0.5 mo 1.0
K5 1.0 mo 2.0
K6 3.0 mo 5.0
K7 5.0 mo 10.0

-
-
AR ACRNEC
[ it A
filter (1pum, 0.45um)
20 cm column
5cm
filter (0.45um)

d
|44|
P
R
l 1
d
d

— (]

3-4  Percolation test B E B
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ARV E s MR SRS - R B LA T

RFEBREIEVI ~ mo ~ CHRA TR - AIRIFL/ISHRAF: T CROERE) - 4T
Va2 bmg HEE 544 -

Ui = Vimx Ci/f [3-1]

b Ul B EESHYIN SEEPET 2 5 H (mg/ke-dry matter) » VikSEE
BT AR BEFE () » mofy) (FEYIHZ EE (ke-dry matter) » Ciby HAZ S5 H R
FE(u ) > £F51000  g/mg o HH BB H AR RS TR RIS » o] BT B EAr
B 00EE N2/ bmeg BIES 4 > 16 BBMD; AR PR {E (mg/m’/100-years) bR ©

3-2-4 KT es oy et AR &

BRI B e 2 T8 % > EEBFKITIER s (1) &
HAE -~ (2) sfEETAE ~ (3) REER - RIEREME - (4) BELJIREK (5
88) UIRRRIE - At EHs Tt — BB IRV B2 KT TR T BEZ4R -
B SGETEEER 4 N ~ DRI - eaE 5 - RE - (LB AT
5~ 2SR IR TR ER /KT RER o e RAE ~ BEEDAETE 15 JE - BRREEAS ABE ) 20-50
psi Z/KJTE ool as - DA Ry RO S BB e SR R - AR APk 7 e
TR - AKITHEm sy ess gl 3-5 A -

3-5 JKITHER I e (4

18



3-2-5 [EHT L2 R M i

{5 A {7 BEEEHALT ANEEEFE (Fourier Transform Infrared Spectrometer, FTIR) »
Bz B RE BRI 45 15T - Bhattacharya and Inamdar (2006 ) /75 425 -
1700-1750cm-1 & ZEAFLEL (-COOH ) H1fy (C=0) W ile - ARWFE TR (R
YA Y E BE S (functional group)Z[1-OH ~-NH2 ~ -COOH ; 4% FeOOH ~ MnOOH
AR B E S B AYRE J AT » B A A D SRS (R
HigEAS - WERFEEHEEME » MBI SERS] - B FTIR 238756 - FIFfE
EFNEFEUEE (SEM) BIZEELL/ZE G2 I FE R A& (Morphology )
s HAEDL X JEEE EF 2 Energy-Dispersive Spectrometer (EDS)43 M i
TCELLH ;s STTE RS IT HEBTRIEGIE(L - 14N B BT
1§ (X-ray photoelectron spectroscopy, XPS ) I TE M IR AN T Z Fl ) R SRASRIRE -

3-2-6 &L/ ARSI ESE
A. )RR IlG S P

HY 10g BEEEAVE » 73 BN AR [EIFERIE Y HoS04 ~ HNOs SE4EH% %578 100ml »
BN A g P AT AL > EAPFEIRRA g ~ (K8 pH BliaR A1
R B AT Ryl (pH-dependent  test)45 5 - SHEUSH B HYARE ) (EYE
SRONINE - FH R IR R (B R ~ RIERIE ~ Z<HEIfES) fEE
J&A - ZFHUERRSERE DL 0.45 um JEREEE - KRR > DL pH metert JHIE
pH » FFLURE HNOs 5% 28 pH /N 2 fR7F © DL ICP-OES 734t £ 24H A T E& Ca ~ Si
Al~Fe~Mg- K-Na- fHZESLE Zn~Cu~Pb~Cd~ Cr~ Ni HEEE » FEHEH
BB R IE B BN IR & R B ARy - MR S B R S 8 R B3
RE > RS EIUFERIA -

B. MM YA e

& Falish R ERE - M) (Y R E s A Y s#SeS - v EDTA ~ CA
LRET AT ZETREE - SR EDTA F7 L PRET DI ST s &
Bl st R EeEBRET AT - Wt R TGEtE e/ Ee B bEs
& 7 JlEYMchelate/metal molar ratio in stoichiometric ratio) » 5 QS EE & & BBk
TRIERERIG » PRETRIERR - Eiptr At aEs - KIEREFE HERK 10
Nor o E 15 A Z BN A FERE » oA RS - RO R 2 RN
200ml > FF&E 0.45 um JEREEE 2 - RIERRF Ry Rl A EEZE G (SEEH)
[ FERF[E] 30 ~ 60 ~ 120 734 » PRETEE SR EPRE S BWEE BT Ry -
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ARV E s MR SRS - R B LA T

C. &I/ G2 i) (R E e s D s

RyBpra B e 2 Y HE B A 5 a2 17 R ME IR
SR ORI A T - WHETES BRI GRIEESRN) B -
(1) pH BYABRER A 2 /A s B A T Sy B3 (pH-dependent test)
(2) “EfrstEs(Percolation test)
(3) XRD ~ FTIR ~ SEM-EDS & fH K {22 7y
(4) AT
(5) HERZLEHE
ey BACERRNTAE R - BINTER b/ G 2 ) (R B B 2 HE S S B
fill» THRESBNARY) - EReBRY L2 PRE - TRETHEBEE - #
BEIUREY) FOK R E B o - SR BRI 7 BRs i (RO -

3-2-7 JUFEYEL I R RISEINGG 2 BRI R M

PR R B 3t e RRIDAA FE &R S (IRE RSN ST
B BREGEKIREL - JRFEZREA— 50mm x 50 mm x 50mm fEE > #EEE A
NEHEWEE  — R ZBIE (K 728 K7 &I 7 TH e 2 DB s -
F 1 ER s Bt ( Kao-Tieh, model KT-7001-B, Taiwan ) » 1 BR 7 4 &3 £ 0.5mm/
min > (REF—E 2 BENERE » FEHIERS S 20U%% - HEEE#kEs (Load Cell)
HEELEFTE 2 B KBRS © WL SEM-EDS 4 EiH Lt T2 BRI BE K T
I3AR ~ DB SR AT MR (FTIR) B S SR A4S AURE « Soasat Tl BRI/ AE) (R
YrfL[EREE R 2 J70% » MBI e BRI AR (Y - FEEG 2 NIt
Bl A EYEFE I e RIHIRE E 1 - FISARR AT A SRR e B i T/ B K TR E
LIER - I EFERRA > e RE TIEEEME - WAISEEN Y EH
ZETEME < DR i RSN ES 2 BRI R IR T =GR AT

ffes i stEs Tank leaching test NEN 7345 (@i —Frmw)
F PR e A Helbs > FRET RSB S M B e B EYIM ~ RHAA T
Ry BETEHEAGE (LHEESEEER &MY ) -

B IO By RN FR IR 2 BRAR BRI - A Hitank leaching test2iOHI
AHIES R > M E R - TR BEEWE3-2FTR @ BELRE
PRI B A Tank T THIES - R [E EE(Liquid to solid ratio, L/S) STEW T > HA Rk
025~1~225~4~9~16~36 - ARFEHIAERUE (pH=4 ZIREAR) WH#ETY
Mr o FIERCGRSHE R AR Y = IR L & (B HI7H B R BB Column TestAH[H]) < 24
R E SR B ia1% -

(i) 4ENEN 7341 Availability test (A0 =Frmn) » EACRIEEMEYIM ElEe Z
available quantity (Ubes) > {7 fsmg/kg-dry matter

() EAZRIEEM LM 2 RKiffE

(i) EE(E E A R 4R 18°C ~22°CH -
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F=E WRTARIERE

(V) Tank ARR B A TRER % - AR EMEVIM B A T > /&N ApH=4 ZHi
BV » 4xVp = V. = 6xXVp » VpRZIJEEMEYIM Z BetEQ)

(v) 6h*0.5h (0.25K){&KF Tank HZEHRHEL > 2 foperiod 125K - ZARIRHHTEE
FipH=4 Z WA RVOMATankF - EEILEEIEFTR > H:8{Eperiods © 24
T A S A o S REER R R B (551 403-2

(vi)  J3#frPeriod 1-8 » TankZ& R HELTHAIRIE - WL FAIEAGTR -

Ei = Ci*V/f/A [3-2]

HhEl AR PR R EM BV BB I R AR (REBECA) B %/ bmg
BS54 > B me/m’

Ci BEESIYIEEZBE (nal)

V BLIS=SERRET » SBHIHIR ZEEE ()

f R EEAE 7 SRR A F(f = 1000 ¢ g/mg) 5

A BB REM MM ERERE m) -

At AR SRS EALRR IR T BHREEM LM B R I %>
mg BS54 (mg/m’) » AFE PR SRR 100FE 2 /A » ik B I BMD;Z%
PR AE (mg/m’/100-years) LR «

¢ 3-2 Tank leaching test 5 B 45 {1 EH S ZX MR ] 2 [ {4

Period Time (in days, * 10 %)
1 0.25
2 1
3 2.25
4 4
5 9
6 16
7 36
8 64
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cover

tank

screen support

test portion

magnetic stirrer bar

stopcock

magnetic stirrer

base frame

3-6 Tank leaching test NEN 7345 LB R E[E|

iz > i PR RGO B B 2 DR ~ SORDI M BRI iz BT
Bt Z RIURRENE - PRaTBRIE/ 27 AR B 8 KA R IR O - sr R
DRI > R R e S S (S -
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3-3 FHEHEE M EZE

ER{EEIE|

SRR R E

EERAEN ~ PRI

IEYIRZ R SRR BT

UK I3 oy A S AL

pH ¥} #] 46 F& g 75 1l 2
A BT R

A R
[ A i SR B B 22
% K2
E AL Z TR 1
(EEHAM)
HR ARG EREIE T

26 | 38 59 1 70

CIEER TR BT

DURRYIHZ IR B AT

s PKITFER e AR e ~ TE T Realla
HRZ BRI S - TR G B
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il LLEEEFEGETERE MREETEE - HEEE IHGFo R ZH -
2. T TR HrtE ) MR RECEES R - B O OHEE LIEMEER L NARE
—fdEETE (1) TIERE - (2) &2 - (3) TFEZEEE > (4) BEEl HEZ

HAe® -
3. T THEAEILEL | SEIERIP B EARITRTE - WAE T TRE AR ) ARG AR S T IE

HIH -
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FIUE SRR

FUUE ERETR

4-1 IR R M

ARWFERF LA (RRY) R tHCARRY » FEIEEREE (2004) $5H - MY £
ARG oy = REB Y+ — Ryl I DRI B O A A RSN VT
A =R T2 L - f{< Chen et al. (2007 ) AR /NI [ERIJE) (TR EREEAS SR 4 H
JEJE Y & s EE /& (Hg ~Pb~Cd ~ Cr~Cu~Zn)- Hr1 > Hg0.1~8.5 mg/kg
Pb 9.5~470 mg/kg ~ Cd 0.1~6.8 mg/kg ~ Cr 0.2~900 mg/kg ~ Cu 5~946 mg/kg -
Zn 52~1369 mg/kg > Cr ~ Cu ~ Zn F=FEEEHAIE B 2 HE - AR
Fr WEl 4-1 B $REEFfE fs 100 £ 4 H 12 H -

4-1 IR IR A

Fo T BRI Z 3 AR - B26RE I UAE) #E1 T8 7317 (100 ~ 230 ~ 400 mesh
EfdE ) Z 1R EH S (e A D E R UYL E - R B8R S
MREEE (test 1~ test 2) HYMHETEH o fmz=/ Mk 10% » KIS Z ML I8 o0 45 -
DRI ST 302 4-1 B > BRI al A > 73.9%FRIH /MR 63um(fy+)
FBHBEH L BEE TSR A > Cu~ Zn KIIBEYH e ERE 2 B
MR TS A E B ERIRE > YEREE - BT Cu - In FHSE
A FERAR Z &8 H R A (08 4-2~4-3) > BURE 58 £ 5 KA IR
o [ 4-4 ARy IRYIRIRLZ SEM B -
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% 4-1 DRIy o3I

LR ¥ SHEIE

>150um % 10.2
150pum~63pum % 15.9
63um~37um % 72.3

<37um % 1.6
7ok E % 80.5
W F 2.08
J L
& mg/kg 309
4% mg/kg ND
ind mg/kg 28.6
& mg/kg 267
# mg/kg 641
& mg/kg 10.0

ND RFRABFAEAISIR 0.1 mg/ke
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7n content/Zn total (%)

80 !
|
= |
3 |
I
E |
>
O |
= |
= _
Q
2 |
8 - 7
3 //<37um
/63-37 um
/*150-63 um
/>150um

Tl

exp2

4-2 JIFEY)H Cu A ERIE Z 53 A E o3 EE

T
P o
- |
701 T
. |
50 !I ;
40§ |
30\ /
|
20 ) I
e
10\ d //<37um
L /" 63-37 um
T /" 150-63 um
exp1 T—— / >150um
exp2

—/

4-3 JIRRY)T Zn AR Z oA o7 B

FIUE &HRE

27
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4-4 JIRPIRIRLZ SEM B/
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FIUE SRR

R 4-1 53R 0[ 3 IR ESEEERS - BB TR - AT -
HHE 4-2 & 4-3 A[35H > KR (a2 8 ~ $FEE BB oA E2 LA 63um K& 5y
W& e /NS 63um K 2 U HL 5 36 (R 8 B 97 EE 76% L0 _F 5 /MR 63um
MR Z DY) - B 5 2 ERI Y8 H 7 Eh 86% LA I « 4{alie/ VR I Rk B & L1
DRV EE - B RAL) B RS/ A R - 5550 ST
A& 90-93 ST E HET T A 2 45 SR AT - TBUHJEJE Heg 7.1-17.2 mg/kg ~
Pb 20.4-646 mg/kg ~ Cd 0.13-9.60 mg/kg ~ Cr 15.3-176 mg/kg ~ Cu 43.2-452 mg/kg ~
Zn 203-451 mg/kg > BEFGIM = » WEHHIRJEH Cu ~ Zn FRBAE MRS - MHEHEMN
FriEa sl R RN A SRR e E - PEE—% CGEEAS) FiE -
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4-2 PRV R RS

AR H A R N S AR IRAE H &S 52 0 A7 HE R A el E e
MR - E TR EE E EREARE - BRI RY) - i
AIEIE HARAERHAE RS CE - O A RIR S Al S S - Ml A
DURPIAR G IR 5 AR IR > Bt F b AT RE bR g e PR - 5l
AL E B 2t 21T Ry o Al U B8 & B R RIEA A e Ry mIA T - 5K
ATELHE Y BASRRE & A DA TR  (HE SRS Haliabast sl 2ia 2
Rtk - RRAETALRE e/ 220 e e T Ui B (e (R bR - 2R (LR
HSURBRREHAA - ARETE et S UEYIE T RIVE b -

A Ry TR R A SR 2 B0R > HEH TS CuZn &
Wt B = B Rl = A e T E IR - PYEDT R AR >
MRHERER IR ER I CREAEN) Rl SARAEE) Ry 2 e E
BB EAIE (REFHE) 26 e8I EEREIGRE S o 1R A I IR
i 5 st T A AR (R 2 B R IR e R > IRLIEE > 2R =0REIS N Z T
R0 5 7 AR EgE

fa R = AR AES Building Materials Decree (BMD) 2 1995 FE¢J R /ANAR » &%
8 3 AERATT 0 1A 1999 4 7 HIE=UAEAT » B 2000 FEE R EIE M E T - HASHIE
Hi B BEAERENER » A - #3oK -~ BEKY » B8 RRE R K
FE ECHHRELEINE - G - EES M OREET - EEEE T - ¥k
B FREEE S EMREEE - HINPAMERRE CREmAE R IE g TAZ - S -
EPFEEE ~ FORTAE ~ ZKF AR ~ RS ) BT IERE - i H E G
Ry— T EIREE T ROKE » 55— e # XAl (secondary raw materials:
Sediments, Steel slag, Blast furnace slag, Bottom and fly ashes, Sludges ) {5 » At LA
Rtk s re s (aRYER) kostiatls (ks ) SRAETH A
FHZ AITME - 322 EAREE S (BMD) VA M e R M 7 A T Eesd AR b
FiiE - BRIL 20 - BREE S EROMN S EDE el Eaii #@iE PUE A~ —20 BEE REE
EEEMAME ZEBEEE AT )] RERIIEONEAEZ 5 & (The
European Commission on Normalization, CEN Working Group) » 754X &% B 57 &
/TR BN B S S EA H SR EG(NEN, RAW, BS, DIN etc.) @ #EfEEH—HE &
B RS B A ST 2 s H R ER(EN fe CEN/TS i) - ZE—d8m M 2 HEY - BAL
HRABEEYER R KRR S E25 CEN/TC 292 Hafim M BE » 7%
BESEIRNA KR AR a2 5 )75 ROE SRR X Y8
SCEIEY) » M HE A A A ge AR R B T T R4 R & - HATE R4
PHF RS A -
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FIUE SRR

4-2-1 EEeAER (Percolation test) * BEEYIA T RiRER 7 A — H_ERENZ R
7EWNNIEA R219.10C) -
Characterization of waste - Leaching behaviour tests: Up-flow percolation test
(under specified conditions)

AR DR R 48 s e B AR H T B m] B F A A A B AR Ak

2 ANEE M F By Fscolumn test fztank leaching test o e S — TOAPRE 2 BRI IR

(BRI mm ) » EEELLColumn test( also known as Percolation test) 2R Ed HHA

AR - FHOREUTE BRI EREVER: - POREIEE10 ~ AR LIRE L T

YN Re A & IMET B HEFRHNRIIELE(+ S8 & UfHE
JEEBHYE RIS = AETTR/1004E) - BMDE HIEEXEN N RATR ©

R 42 R EEMRDAS BMD) DY) 2 A AR (BMD, 1999)

Component Immission limit Component Immission limit
( mg/m? per 100 years ) ( mg/m? per 100 years )

As 435 Br 300

Ba 6300 cl 30,000

Cd 12 F 14,000

Co 300 SO, 45,000

Cr 1500

Cu 540

Hg 4.5
Mo 150

Ni 525

Pb 1275

Sb 39

Se 15

Sn 300

\ 2400

Zn 2100

DA H PR HIAR AT
YA (FEY) B B ASFE Column test NEN 7343 & 4:th » (i pH=4 %%
R EZBUE B up-flow) H= 0 DURE = a*m0 iR AEFE 0 a=0.025 Vkg-h »
HEEL/S=0.1,0.2, 0.5, 1.0, 2.0, 5.0, 10.0)#1T » HELE7R 25 10 ke dry matter ©
SR YD IR Cu s Zn BT/ 0 a8 - HEEREWMER 43R ©
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* 43 EEAHHRRER

Fraction L/S (kg) Cu( mg/l) Pb (mg/) Zn (mg/l)
K1 0.1 0.513 0.019 0.325
K2 0.2 0.021 ND 0.024
K3 0.5 0.015 ND 0.022
K4 1.0 0.029 ND 0.043
K5 2.0 0.016 ND 0.024
K6 5.0 0.027 ND 0.060
K7 10.0 0.016 ND 0.027
I, =1550x(E, s o—a)<hxf_,, 1]
TN
) 1_6(_'{155@;:;_]
S exton =

1 — e(—ff}:l )

Hrp a @ BUEAERT TR E)

h B LT S

fext,n: JEHIMNIFLIERT

k * BEARE(RTT R IR E)

t R T

N : 300mm/year (Z5—%H ) - 6mm/year (25 %)

SEH Cu HAESHRE 4882 mg/m’ ~ Zn HAERSHE R 3275 mg/m’ > ik
TR 2 ARl A2 (BMD) S ity > s AR &S Cu B4R A FRE 540 mg/m” ~ Zn
BHEAHIRE 2100 mg/m?* » [EBET{T 2 BRHEE T

[4-2]

4-2-2 pH HHERER NN Z 725 s B E A T Ryl B (pH-dependent test) : FHEEERS
BIRZR AL CNS 15223 -
Characterisation of waste- Leaching behaviour tests: Influence of pH on

leaching with initial acid/base addition
ITEBRTHIE pH [EHEEEY HIE R R AU M 2 22 - #2OA
tHa B iE 47y =B ES - FIRTAINER T (HNO:) 2iigi®(NaOH) » pH #E fy 2-12
TR E EDR ELL/S)HE T el » YA BTN A% &8 5] 7E REAR R ] T~ S » o3 il
By to~toun > toran~toraan > tordan~ tosash %EB%E&}Q}E@ IR AR 0.45 ML m TR AR R
INTEBEEE TS o TN E pH ARG N ERBEE AN TR Hf o Cu Zn
BTN [E pH ARRE N 208 T R 2lEl 4-5 B e
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10000

—e— Cu
1000 aQ O 7Zn

100 -

10 A

Leached (mg/kg)

0.1 1

0.01 ~

0001 T T T T T T T T T T T

pH
4-5 Cu-~ Zn BEE&BEEET A E pHARRE T 25 HAT A

HIRGEREUR > A pHOREHGR A I 8) B R B S s AT AR
Hy7ESE  Cu~ Zn P& pH BRI N ARARE IS + HHERET T > Cu -~ Zn Al
EHMEBLATREN: ¢ & pHARRE T » Cu /AL EFR - (2 Zn AN EE 2R
FENAYEES - (AL - PERIRRFERIR RO IR B R B S BB - m] PR ST EL
IR FTIS L R

33



R S R IERREE - Yo B S R AR LRI s
4-3 FKIThEs T MR AR )R

BRI TR o B BE Z N8 2 > AWTFEEaE/ KT e oy Bl as R e RE
* TBEERRLE ~ EEER)RER - FEHUKI TR B as P R - R
SRR A2 B RO o AT TR B RS A0E 4-6 F

o

4-6 Lab-scale 7K JJ5E 0 77 B e A8 &

HEBGERAE 4-7~4-9 For - HE T rEL > KITm B s iU e

Z R BIREE e KEE R 22 SRR ST s

1. SelUREZRHHIREERARE - (RIEKEE (11 2) B » BT ZEREET]
(4 kg/em2) Jinlf{itie 32 ME KRS ¢ isJe/KEE (10311 4)
I o {2575 2 ke/em? 2 22 R B TR TR AEHEH, -

2. BLIEZEERERAZ - |RIJE/KEE (1:2) I > 2253 BT 4 kg/em2 ZHUERE
BERME - mJEKEE (103~ 104) B > AILL 3 kg/em® 2 ZE RER T HIE &4CR
FE o PREEREUR > BYEEKEL (11311 4) 2 kg/em® 22 BR T HESRHE T
LR HEKEN S MBS 3 kg/em® 2 72 AT 77 mT s RS8R «
et — A Az TSI E B E S A -

3. HEFASFEY) . <63um JEfl 73.9%LFILLES -
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(IMEJEAKEL (1:2) B > ZZREET] 4 kg/em® (1 B75 (AHEERL) HURCIATHE
th 2 AE( < e3um(E R 57.7%

(2) JEAKEL (1:3) B > ZE5EES] 2~ 3 kg/em® | B CAHEERL) HUECIAT
R Z AR <63um) 73 BIG R FRY).Z 52.8% K2 52.9%

(3) JEAKEL (1:4) Bf > ZEREES] 2~ 3 kg/em® |1 B CHHFERL) HUECIAT
R Z AR <63um) s BRI 38.0% 5 50.7% ;

EAEERER - KT TR o B B B o B () 2 SOR. -

MEZKI TR o B PRI < 63pum) S HEL 38.07%-57.7% - H—E FHRL /B

R (B E BB R S /ML (< 37um) FEE A Z Bl 2k > H R

LR -

85

80 -

75

70 +

65

60

55 -

Slurry output of upper exit (wet base %)

50

2 3 4 5
Air pressure (kg/cmz)

B 4-7 REZEEIES - FEJEAKEL (11221031 4) [T » K
oo R T O R GRIR) L)
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90
- —— 12
2 g0 ) —v— 14
© .
<
.
A=)
570 T
o
—
)
Q
Q
=}
w60 1
(o]
b=
i
>
(o]
o 504
©
0

40 T T T T

2 3 4 5
Air pressure (kg/cm?)
4-8 KNEZEGABEST ~ REVEKEL (1:2~1:3~1:4) fRET > KITHE
JorEEss s BT O 2 BB (RZES) EE B

EE >150p m
[ 150y m~63p m
100 N 63y m~37y m
[ <37y m
80
9
FC_-? 60
c
<]
(&]
40 A
20 +
O -
1:2 1:3 1:4

2kg/em® 3 kg/an® Akg/em® Skglem?  2kg/em® 3kg/am® 4Akg/em® Skglem®  2kg/em® 3 kg/em® dkg/en? Skg/em?

hydrocyclone operating condition

4-9 REZERBETT ~ AEDEKEE (112103 ~1:04) fREET - ZKITE
FTBERS S EJTH O Z HIE(RZE) A RN 2 AR E 4B

36



4-4 EBEER

pH (B TR I E 2 REE » —RESBEREIRT T AR S 25 H
5o 7E pH 1E 8-10 1 » ZE@BIVAHES i/ & pH EAN 12 BF > FEET
FAHE N E IR - i A FER S B M REEEY) b o Ui s - 57 - 3R -
i~ SREEE o MM AT FIATE By Byt ~ Wil o [SIRE{E R [EHY pH
H N HESEAFNENARSR 2 HIREE DA EIF A% TERNIREY
HRFSHE ~ 3% ~ $F ~ $RIUR o BR T RRSESN 0 TEFZE S RISGEE A2 N Ry vl 1T 2 387K
Vanthuyne and Maes (2002) #5t} > (EHEWYIE TXPEE’%/D\%%’%“U R #ER 7=
AIEREHSZ Cd ~ Cu ~ Pb ~ Zn @518 - 435 HalCER » FIFRERE ~ 28
B EE SR A Ry — AT 2 R T = - Kﬁﬂnéja%wﬁ%ﬁﬂﬂﬁﬁﬁwf B
Bl S B G R T =T - 2kt T
sER R

IR E S B A R B R 2 s HkEE S HCl ~ H,SO, ~ EDTA -~ Citric acid £
PO S R a A - AakEs B AVTE R E S S el RIS A F E S8 2 2 HIsE 11 -
e UL AR R o AR R BRI R B A Tl « AP BB ze
HUfsefFsn T~

1. SUBIFEEE © HCl ~ H,SO, ~ EDTA -~ Citric acid

2. HANRE :001M

3. ZEHUEDEEL ¢ 1/10

4. ZEHUHERE : 30 min

SEEER Y Cu ~ Zn BB ARG > HCl ~ H2S04 ~ EDTA - Citric acid
A Cu 2 ZEEE ST Bl By 13.9% ~ 30.7% ~ 32.6% ~ 17.2% ; YA Zn 2 ZEHR ST R
By 8.7% ~ 12.6% ~ 36.8% ~ 10.9% > ELih DL EDTA SR > HoSOa XY BRI - Hirisk
15 EDTA Jz H,S0q filt Ry < B -

DL EDTA K HoSOq BEZZHY 5 8 B M TR (K= HL B EEIR T - U = HLE
5 0.001 &EEH. >
(1)H2S04 %[5 1 mole Cu 2935 77.5mole H2S04
%% 1 mole Zn 49%% 80.7 mole H2S04
(2)EDTA [ 1 mole Cu 493E 73.0 mole EDTA
%% 1 mole Zn 49%E 27.7 mole EDTA

LUREYIE st Cu &8 267 mg/kg ~ Zn & 641 mg/kg HIENREL Y10 FHEAHY

dﬁE‘F@ Snn ! Cu~Zn Z H,SO, 2 Bl SRR RE Il o3 7l By 0.033M 2 0.079M - EDTA
HiGm SR 77 5l Ry 0.031M K 0.027M -
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K E Rttt - B/ ZEEYESBEE —ERA  FESEEIEY
BER1% - FERFRAEIE AR R ke - &I/ Z50E 2 B TE
HEE > BSHEIEEN -  HERN TR 44K -

T 44 ERER/FED R 2 R E eI SR

Fraction L/S (Ikg) 4RH2S04fE ZREDTAZE
Cu(mg/l) | Zn (mg/h) Cu( mg/l) Zn (mg/l)
K1 0.1 ND ND 1.690 2.582
K2 0.2 ND ND 1.690 2.582
K3 0.5 ND ND 1.274 1.859
K4 1.0 ND ND 2.823 4.585
K5 2.0 ND ND 3.569 5.759
K6 5.0 0.101 ND 4.521 7.300
K7 10.0 ND ND 1.539 2.244

SUREYIE H2S04 [ se1% - 5TEH Cu H4FEAH A 1,653 mg/m” > Zn HIT]Z.
BSRE - B FEY) Cu FAEA IS 4,882 mg/m’ ~ Zn EHAEAHIE 3,275 mg/m’
FHEL B -

JUREPIEE EDTA 2514 - STEH Cu HEETRE 585,981 mg/m” > Zn I
681,673 mg/m” > BAFUIIFEY) Cu EHAE/AHTR 4,882 mg/m” ~ Zn FHEAHIR 3,275
mg/m2 HHEEEHEFS - B = EDTA T[ARUZEAE Cu ~ Zn > {HEJREJRE I T & JEH

- In HEBEE T B EY: 0 NIIBBGFE2ESBERE A - 2L HFEIL
ﬁ#@”‘ﬁ'ﬁ?ﬁgﬁiﬁﬁﬂ—fuzfEé%ﬂyur@ranq%“ MBS B E A BV 2 R
HRBERT B2 5 BB RN 55 B0 (R E Fi#i (Sediment Quality
Guidelines, SQGs) » FLEIEYIE K& EF R -
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IR GER M
4-5 SJUEYIE A LR

ARETE M BRE A RIS AR 0 e BRI R 2 30sE > (R L
TEACIER Z B2 {KE - BEr WS EOElT » PR Bl 5] 1 e REDA
HOELBE4)e/ ek REIFTE R 2 EMeEist (DUTEmEM e ) Z iR
VRS R KA S - ek BRILCR R EE LR S (REPEEIR AR T
) SREEEHEAKIKEE > JRFEEEA 50mm x 50 mm x 50mm fEE > 55 7 R
BT S 2 DU R EONE S iR A i EER Tank leaching test » &5ERA1FE
4-5 Fi ~ Bl AE 4-10 Fow > HERRGE R 0T A > PUERREREE LI B A
NI Z PSS fR S - 7 RPUBRTRE » fs 02 26.1 kg/cm2 o

45 RN BRI KERR R Y 2 ke

Frdm A Fkdm B Fim C
ANIIBCEE DY 70% > | DR 88% 0 | DIFEY) 67%
T 30% | R 12% | KB 33%
7 KPiEEsaE | 26.1 6.8 42.0
(kg/cm?)
Tank leaching test data analyses (mg/I)
Fraction Cu Zn Cu Zn Cu Zn
0.25 K ND ND 0.15 | ND ND ND
1K ND ND 0.15 | ND ND ND
2.25 K ND ND ND 0.27 |0.12 |0.11
4K ND ND ND ND ND 0.23
9K ND ND ND ND ND 0.38
16 X ND ND ND ND ND 0.43
36 K ND ND ND ND ND 0.32
64 K ND ND ND ND ND 0.68
BHEAHE | - ~ 650 |609 |550 | 1942
(mg/m’)
BMD #H#ifd | 540 |2100 |540 |2100 |540 |2100
(mg/m’)
{EAIFSPR £5 0.05mg/|
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4-10 EAH BRI al A B T M B

FHH: tank leaching test ZOHENE M LIRM Fr 2 B8 2 A HEHCES »
HHREISNEE (BEt) - BEEMLIRMER Tank fR#ETAEL - JREEE
(Liquid to solid ratio, L/S) 5 f&)5¢ T » JAEIFFE 0.25~1+~2.25-4~9+16 36~ 64 K
FHAZKHUR (pH=4 ZHRERZAK ) WAET T - Hi o IEFGEZEHJEOT ¢

E., =4704. p-Ubes-+De/x 41
Hep
(1) E64 HEEfy EIFUAH & (mg/m2) ;

(2) p /£y volumetric mass ;

(3) Ubes £ Availability test -7 E@4E 5 (mg-dry matter/kg)
(4) De Rt fAE m2s -
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7Z(E*i)2 ro

Dei=
2
4. (U bes 'P) '(\/ti - ’\/ti—l)z
in which
D.;is the effective diffusion coefficient for a constituent calculated for the fraction i,
. 2
in m/s;

E’iis the measured leaching of this component in fraction i, in mg/m?;

Upes is the volume in mg per kg of dry matter available for leaching according to NEN
7341

© is the volumetric mass of the test sample, in kg of dry matter per m>

ti is the refreshment moment of fraction i, i.e. moment of end of fraction i, in s;
ti-1 is the refreshment moment of fraction i-1, i.e. moment start of fraction i, in s;

Hef s
pDe,i = -log De, i 4-3
n

Z pD e,i

i=1
pDe = N 4-4
De =107 4-5

in which:

De is the average effective diffusion coefficient for a specific constituent in m?/s;
pDe is the average negative logarithm of the effective diffusion coefficient for a specific

constituent.
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HEEsE R E S > BEih COIEY) 67% > KB 33%)HiBRyamfE g - 7 REIT]
FE 42.0 kg/cm® BLEHHUERSRE KHE » Cu EHAEATI R K 550 mg/m?® ~ Zn EAEAHR
F5 1942 mg/m?* > BAFE BMD /A% Cu F4EMSHIR By 540 mg/m? ~ Zn FAEEHR
B3 2100 mg/m” FHIT -
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(= ) NEN7345: Dutch Standard, Leaching characteristics of solid earthy and

stony building and waste materials- Leaching tests- Determination of
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