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Abstract

The objective of this preliminary study was to evaluate the feasibility of using the
electrokinetic (EK) process for in situ remediation of actual Hg-contaminated soil.
Subsurface mercury contamination due to imprcrper treatment and disposal of
Hg-containing sludge generated from chlor-alkali factories has been a headache in
Taiwan for decades. To resolve this problem, a novel EK process was proposed in this
research. In this work an EK remediation system, including a gas-tight sand-box
reactor with i:nnnitﬁring wells & caps, DC power supply, and electrodes of various
materials, was first installed. Then an actual Hg-contaminated soil (Hg concentration
of 3,000 to 5,000 mg/kg) was collected, characterized, and filled in the soil
compartment of sand-box reactor simulating the unsaturated zone and saturated zone.
In addition, 0.1 M KI lixiviant and/or actual groundwater were used as anolyte,
catholyte and soil pore water. At this stage, an electric field was applied to the EK
remediation system using a constant voltage mode (i.e., 1 V/cm) or constant current
mode (i.e., 20 mA) for eight tests with different remediation time ranging from 1 to 14
days. The following are the research findings obtained using the potassium
iodide-assisted electrokinetic (Kl-assisted EK) process in this work: (1) migration of
Hgl,* (originated from chemical reaction of Hg and KI in aqueous solution) toward the
anode is the primay mechanism for Hg removal, whereas the transport of dissolved
Hg,I> toward the cathode end by electroosmositic flow is consided the secondary
removal mechchnism for Hg; (2) through the mass balance of total Hg in the sand-box
reactor, it is postulated that there might exist a mechanism relevant to Hg stabilization
rendering the formation of unknown residual metallic Hg compound that is
non-dissolvable by aqua regia digestion and for subsequent chemical analysis; (3) the
emission of Hg vapor would not take place in the Kl-assisted EK process; (4) the
Kl-assisted EK process is considered to be technically and economically feasible as
compared with other Hg remediation technologies. It is believed that further studies

are needed before the Kl-assisted EK process could be implemented in the real world.

Keywords: Potassium lodide-Assisted Electrokinetic Process; In Situ Remediation;

Mercury-Contaminated Soil
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HYHE ~ 88 ~ 86 - FHEREFEESBILAEE: M VirkutyteZE A (2004) RIF|FHE
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LR TK P ZREM KB Z FIReZ b » DMERERI RS
875

(4) BEIRERFTREH
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SSTHE MREGE

E=% GRENR

AZARE PSR SR SER B E AN E i - B AR R R E R 3
(HEE SRR EE  RERIFOERERAFER 5 HERJIMHEEER - LUT
SyiisR B HAERGE R ~ WBIRE A 2 RS R T
(1) FFZLBRFE R EEREE ST

| AR A DEFE LR EBNEER TG - $RER > 112395
BE ARG DI ETT T TIBESRPHE BRE) K22 E (B
BE)thE (EBE)  FLRER (B8R N2 @k FARYEE (5
Bk RIGETFRBEE @EHNE) FEAEBRAREBI  IRomaZ
WERERE (ICP-MS) @ EfF2EEE NRBREERRESHE ZPERE » Ha
GERMNF3-1FAT »

%3-1 HEEAMESITER

_ HE BAE
pH {E 9.32
KoeE 13.53%
tEE 1.49
FLEEHR 29.80%
MR 534
<0.002 mm 10.55%
0.002-0.05 mm 13.32%
0.05-2 mm 76.13%
(=3: WYE#E+ (Sandy Loam)
ERYEE 1.89%
s 2.21 meq/100 g

4291 mg/kg (55 1-3 4HEBEI /IE5)

3020 mg/kg (RERABES 4-8 4
BHIRR)

Y RTAZEALIRE T IR AR B R TIRERSS 1-3 HeABREA -

WREE

(2) BYEYERERERAERE
HYS goRsS Sk IR AE A 150 mL PES S » AEFRA025 mL (0.1 M) BRLSREH
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(LR BN EEREEEN (sodium isopropyl xanthate, SIPX) 52 3- R ELPNTEER
$% (2,3-dimercaptopropanesulfonic sodium, DMPS) 7KBR (G ' ERE=RERER
SN F2,3- — SR BN EBE SN A A S (R HASAI T TR I N2 ZEEUE]) » 3 BIE R
RS S ICAR S pHIE B2 - 4~ 6 8~ 1012 > EFERKTIR
#5228 (Skin Kwang, SK-6) #R#%24 hig » [A0.45 pmf| & 7 MR ETT S
B BUTEBIRBERESEERRIIAEY Kb EERMETRRAT
E—RIERE S EARE L (NIEA W313.52B) , E{THamiass > o EZEH
TR ACEFNEZEeREERPL - BERSEREELINE
(ICP-MS, Hewlett Packard 4500) #f77R &R0 » EoeEROE3-1ATR -

100
Extraction of Hg-Contaminated Soil (Hg: 3020 mg/kg) Using Different Extractants

80 | -*0.1M Nal
Q 0.1 MKI
<
3 -=+(.1 M SIPX
S 60 | -#0.1MDMPS
>
>
= e
2 40 | -
5 -
=
=

20

0 A ik ik A ik —h
0 2 4 6 8 10 12 14
System pH

E3-1 RS54 -HHR T EpHE 7 ZXHUN] (BYES ~ BULS - ERERIRERAK2,3-
“EREENREES) /KA ZEFEREGR

FRAZE3- 165280 » 0.1 MBYESPEABRAEAIH PR AZRER (41.25%) &

e EERKAF £50.1 M 2,3- SN =k a4 (38.61%)>0.1 MA{ESH

sRER4H R (35.49%)>0.1 MEAEFREEINAER] (1.65%) < Z5h > 0.1 MB{LFH

RERAH B LR ZR AR 47 BiReddyE A (2003) FIFH0.1 MBS ESF/KA R ZEHY

JKEE - PAREVZERUR MR EL - SR R EEEE) ISR R B EE0.1
MBESTA R F RV RGKEE S Z RIS R -
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A 1340 BEh B4 A L E AR A/ E AR S8 Nippon
Industries Company, MA-2000) #E{T B IRSESH GE HZEFEREREE
S ST ZICP-MS B AR FEASTE) » TER4-34R TENaEaan Il Al LABI 1L
RITAKEHEFMEZEEHEHBEP O —BERSEBIEELINE (CP-MS,
Hewlett Packard 4500) #fTHEEFRESETH -

BT A Y LS ERBh RN S ARIER TR T IR 2 SRR ETT84H - HE
RSB ARAFAIFR3-2F7R - |
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3.1 BEIEER
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i

A 25z BB R KRR - P28 R ARG TR
SRIZKA TS AT /KEC8 2 0.1 MBYES/KER (pHERT20 - BEER
12,900 pS/cm) » BEAE 7> BIEEFAA SR - AR KSUS 316 FHMEE - TH
REBEE (1 V/em)HHEN - |

WS FESSAHEINE 24 hi% @ #Esmik ~ B EKSUS 316 A Al EREE
ZEETE(LEEE  WER-2FTR - REBIEERE 2 EE2 B LR EahmH
% » 535 » FASUS 31677 s FE i FESs e i ile /N 2 B LR IR R TIBORY
EER - WEB-3FTR  HFERERAEEX » BENEEBREEL
B E -

E3-2 GBS EEE(LRRe  (a) KEA (b) KIER
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E3-3 @ﬁﬁi@%ﬁﬁ%ﬁ%ﬁﬁ%@f b%ﬁﬁ’&ﬁﬁ}ﬁ

AR » FASUS 316R 58 B Ran Al R AR - EERiE /M0 IR iR 4R 18
IR R ERRARBRS - WB3-4FT7R - FERRZE BB I S LR R A
BEESORESSETL-BEREATFEMSE - XERSHA LN
(ESEM-EDS, FEI, Quanta 200, Genesis XM 4i) $&E4E58 (AE3-5) &r » F &
ATk BsFe ~ O ~ 1~ C ~ HegToZ » Al EZEEF HSUS 3164 5 SEARE =
B E BRI -
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SE GSRUNE

Sl e Ll L s Rl

13-4 RSN iR R & LR R AR A

kv:12.5 _Tilt:-0.10 Thkoff:35.13  Det:SUTW =~ Reso:128.12 ~ Amp.T:51.2
FSs : 330 LSec : 68.2 Prst:Hone 23-Apr-2012 11:25:30
rountx EDS Quantitative Results
Element Wt% At%
CE &.T0 17.&68&
oK HgM 2.45 0.39%
IL 15.25% 4.81
264 FeK 45.63 25.86
231
158

100 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 ke¥

Bi3-5 $514H BEY AR EGRIEREZRE Z ERYEESEM-EDSTTREAITER
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FIF BE AR A RIS RIS R

[EHSUS 316 R EMEMAYE 14HRER4E 7] - 124 hVBENNRIER - HiER
S RIERES - PSR RpHE Y 2t - RREZERREZE(L - KIERLTHpH
{EZfiﬁ"‘rﬁ&ﬁ}ﬁﬁi%ﬁ%ﬁﬁ%‘%ﬁ%iﬁi’_ﬁ?ﬁ%iﬁﬁﬂ? :

a) 2 - GEERpHIEZ 21k

FRIBE3-645 AR - NEE IR E24 hik - [ - BB RpHESD R
12.8%5.27 - [EEBHBIER 2 pHET S @ BRERFH (—ApHERIRA2) Bl
R 1E5ES » TEREBISEMESUS 316 R 5HEE 2 B8R RERTHL -

14
EK Remediation of Hg-Contaminated Soil for 24 h
12 Saturated Soil Contained with 0.1 M KI Solution (DI H,0O Based)
Anolyte: 0.1 M KI Solution (DI H,O Based)
Catholyte: 0.1 M KI Solution (DI H,O Based)
10 Electrodes: SUS 316 Stainless Steel
- Constant Voltage: 25.5 V (i.e., 1 V/icm)
- -¢- Anode
S - Cathode
5
E 6
4 ks
2
n i | i 1 I
0 24 48 72 96 120 144 168 192 216

Elapsed Time (h)

B3-6 BLePREEhEE RaR SR MEIERRHE - BEERpHEZE1E
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b) EMBELZERMELZZE(L

SB=H SRS

TRIZE3-745 R - LEEJIRE24 hig - EREEEZER (EO flow)

- FREENEEZI73 mbl > BEIIREEERE -

600
EK Remediation of Hg-Contaminated Soil for 24 b

Saturated Soil Contained with 0.1 M KI Solution (DI H,O Based)
- Anolyte: 0.1 M KI Solution (DI H.O Based)

Catholyte: 0.1 M KI Solution (DI H,0 Based)

Electrodes: SUS 316 Stainless Steel

| Constant Voltage: 25.5 V (1.e., 1 V/cm)

+= th
o =
= =

Cumulative EO Flow Quantity (mL)
Ll
L
=

200 r
100 r
ﬂ ‘/t i L 1 i L i 1
0 24 48 72 96 120 144 = 168 192

Elapsed Time (h)

216

B3-7 BLSFERBhEE) NGRS BT UERBR A AREZERMEZ 2L
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BB NAR 6K IS T ITHRA R

c) FFE% +ABpHIE 2 537
RS- 845 AT  EB IR E24 btk » H A MpHE W R ZBIRH
e KRBT EN T BpHEAGZ R » EHTER
[BEMESUS 3167 FAMBmER B(LREEE - (EEARBRT B EREIRA

B -
14 o . . TR
EK Remediation of Hg-Contaminated Soil for24 h Initial Soil pH: 9.32
Saturated Soil Contained with 0.1 M EI Solution (DI H,O Based) = Unsaturated Soil
Anolyte: 0.1 MKI Solution (DI H;O Based) W Saturated Soil

12 | catholyte: 0.1 MKI Solution (DI HxO Based)
Electrodes: SUS 316 Stainless Steel
Constant Voltage: 25.5 V (i.e., 1 Viem)

10 ¥i

Soil pH

]

0.30 0.75 1.00
Normalized Distance from Anode Reservoir

Bi3-8 BLIFiREEE AT T+ S 1A B L S e + S pHE > 275
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BEE GSRENR

d) RIER T RECRRERELZ DT

TRIREB-SEREVN  SEEIISIE24 hiz - FreafE T IRTREER G
AR o < SRR R R AR RS » R £ R R R R ok BRI LS EK
Hels" # P B Hg L% IR RRIRFTE - S350 » SRenfuE L Fige
SR % R e 12,885 mg/kg » TN EEANfE T 38 I8 RZ & /R 73,163 mg/kg
HEERS TIRGOR R R R29.53% -

EE Remediation of Hg-Contaminated Soil for 24 h w Unsaturated Soil
Saturated Soil Contained with 0.1 M KI Solution (DI H,O Based) M Saturated Soil
4000 F Anolyte: 0.1 MKI Solution (DI H;O Based)
Catholyte: 0.1 MXI Selution (DI H;O Based)
Electrodes: SUS 316 Stainless Steel

3500 r Constant Veltage: 255V (ie. 1 Viem)

Initial Mercury Concentration of Soil: 4291 mg'kg

1000 [

Residual Mercury in Soil (mg/kg)

0.25 0.50 0.75 1.00
Normalized Distance from Anode Reservoir

E3-9 AYLePEEEEEI e SRt EEIHARENER T BUCRRERE L
pARii]
5 2 4HEB) a0 B
RERRER > FHIBrE R - Fa i i B RS aaF B 1 1| 2 NI/ Ks i (5E F Zake
FrKERE 0.1 MBR{ESF/KAE (pHELA7.20 ~ HEEE £512,900 puS/cm) » EEiEpf
RS E 0 BEH20 mAESE R I -

7189.5 hEEEN 1T FE% » HER TR - BERERpHEZ 2L - RHE
SERREZ 2L KERLBHEZ S - KIER TR REZ 71
KPR IRZE RAESR TR R R T At T
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a) & - BB RpHE Z Z1(E

FRIBIE3- 10 RET N ESI IR IE24 h- B2 - BB RpHE S §1 51222
F2.19 » 424-189.5 hf » [2iBiERZ pHE EH4R18 EFHHESS (52189.5 ho
pH{E %512.8) » rﬁﬁ%@ﬁ;ﬁzpwgﬁﬁ%ﬁw&ﬁ% (#189.5 h » pH{E A

1.58) ¢
14
+___._._-—JI——I
12 L . - |
EK Remediation of Hg-Contaminated Soil for 189.5 h
10 Saturated Soil Contained with 0.1 M KI Solution (DI H,0O Based)
. ; Anolyte: 0.1 M KI Solution (DI H;O Based)
= Catholyte: 0.1 M KI Solution (DI H,O Based)
= 8T Electrodes: Titanium
E Constant Current: 20 mA
2 6 L -+ Anode
7 - Cathode
4 \\'
2 -
o * 4 = 4 —4- 24
'l} i 1 1
0 24 43 72 96 120 b4 168 192 216
Elapsed Time (h)

[&3-10 B{LePEEBIEENIRIG RIS HIRE2EF RIS - BBEERpHEZZ(E
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BT ERENR

b) EREZERAEZEL

MRIZEB-11 SR~ @EBENRIETLS hfl» BRAKZELERME
M FE71.5-143 hZ B2 ERMBE RS » 6143 WMEZ B2ERTE G
IS IRES (0 2 #83h B FE189.5 hy ZIRE 2R E v ES536 mL -

600
EK Remediation of Hg-Contaminated Soil for 189.5 h

Saturated Soil Contained with 0.1 M KI Solution (DI H,O Based)
| Anolyte: 0.1 M KI Solution (DI H,O Based)

Catholyte: 0.1 M KI Solution (DI H,O Based

Electrodes: Titanium

| Constant Current: 20 mA

Lh
=
=

B
=
—

&
=
T

Cumulative EO Flow Quantity (mL)
= g

ﬂ / | | 1 L 1 1

0 24 48 72 96 120 144 168 192 216
Elapsed Time (h)

B3-11 BLSREEBh BRI R R SR RSB RREZER AR 21
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A X A btk Y et ks e
B |

¢) FHE% T RBpHIE > 53 H
IREEE3- 1245 5288~ » REF K FE189.5 hik » H L iepH{EBS 2 2EL 32
BETRe (L ERANEREN Y pHE A > 34 » {8 + BpHE 4 H1ES
PAE o IR SR SRS IR IR - -

14 EK Remediation of Hg-Contaminated Soilfor 189.5h Initial Soil pH: 9.32
Saturated Soil Contained with 0.1 MKI Solution (DI H;O Basad) = Unsaturated Soil
Anolyte: 0.1 MKI Solution (DI H;O Based) W Saturated Soil
12 | catholyte: 0.1 MKI Solution (DI H:O Based)
Electrodes: Titanium
Consiant Carrent: 20 mA
10
= 8
=3
I
% 6
4
2
0

0.50 0.75 1.00
Normalized Distance from Anode Reservoir

B3-12 BL#EEE Bl HEaR SR EEMAFRB R ER L BpHEZ 5716

30



BEE ERENR

d) KFERTRECREERELZ DT

MRIZE3- 1345 RAUR - BB NIRFEIRI.S h» FOREFfE HEPEES
E5 ) RSB AT it < S8R R R R AR 2 IR 5 #ER £ R R A R ok BB Lo
B Hely™ 1 (515 i B Ak Healo %8 (B B it T EY » (B 6EF0E - i35
PR ERE - HrsERAMER RS BER T EERRR (B4 © BEIEkR) %
HEZERS ERBRIEATEE - =) RENE LR PSRBT RER
3,287 mg/kg » T EAF/E L FIGRBRE RE 2,823 mg/kg - KRS TR

R =R E28.81% -
4500 EK Remediation of Hg-Contaminated Soil for 189.5h & Unsaturated Soil
Saturated Soil Contained with 0.1 MKI Solution (DI H;O Based) W Saturated Soil

4000 | Anolyte:0.1 MKI Solution (DI H,O Based)
Catholyte: 0.1 M KI Solution (DI HyO Based)
Electrodes: Titanium

3500 [ constant Current: 20 mA

Initial Mercury Concentration o

il: 4291 mg'kg

A=A Y R

1000

Residual Mercury in Soil (mg/kg)

0.50 0.75
Normalized Distance from Anode Reservoir

R
gl

Bi3-13 (LSBT 8 T e L 2 A R AR

Z 537

1.00
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34 5

A4 SR B > B DA e R S R B L 2 SR VK A R F EL I 3t T oK
(pHIE 159.66 ~ BEERE 5840 pS/om - 4E5F MR 50.00168 mg/L) » TFEiBHERAI
B A E B T KRR 2 0.1 MBS KB (HIER9.65 - BB A13,100
uS/em ~ LESEEE 50.00168 mg/L) - EAEHEBFHKESE - BHE20 mATE
FEATEHEN -

7168 hEEI R ES » HERESFIEE - BEEKPHEY 24 - EHE
BB R B(b - % T+ BEpHIE ~ 57 R e 1 B4R R IR B 2 A
ST -

a) 2 - HEERpPHEZZL

TR E3-1445 R 8R  NEF NI FE24 h (&~ [HRERpHE D 5 R12.2
J22.15 » 1424-168 hif » [ ~ FiSfER 2 pHENMEE Z 26 (R168h [
PR < pH{E 77 B R512.5 5 2.12) »

14
- = B R —— L
12 r
EK Remediation of Hg-Contaminated Soil for 168 h
10 Saturated Soil Contained with Actual Groundwater
” Anolyte: Actual Groundwater
= Catholyte: 0.1 M KI Solution (GW Based)
= 8 Electrodes: Titanium
2 Constant Current: 20 mA
E 6 “+-Anode
& - Cathode
4
2 S 4 »——@ -&
. U 1 ] ] 1
0 24 48 72 96 120 144 168 192 216
Elapsed Time (h)

B3-14 B{LSPERRIEE) HEIERITH T EREIHEFER AR - B RpHEZ 24k
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MR- 1S4 RET - SEHNRERER - ERESERTRHEE
ISR TR+ 168 h BANE S EB TE566 mL -

600
EK Remediation of Hg-Contaminated Soil for 168 h

Saturated Soil Contained with Actual Groundwater
| Anolyte: Actual Groundwater

Catholyte: 0.1 M KI Solution (GW Based)
Electrodes: Titanium

| Constant Current: 20 mA

L,
=
=

4=
=
=

Cumulative EO Flow Quantity (mL)
Lad
—
=

200
100
ﬂ I L 1 "
0 24 48 72 96 120 144 168 192 216
Elapsed Time (h)
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e e T e S e = e e ey

c) &R REpHEZ S34h

IRIRE3- 1665 R  (CEE)IRIEI68 h H a0 & -+ Bl T PSRl
pH{EISZ 2R e EMmiE{L (PH{E#8.76) » ToReEHAE +Ae 2 pH{EZEEL

REE -
14 = ; :
EK Remediation of Hg-Contaminated Soil for 168 h  Constant Current: 20 mA
Saturated Soil Contained with Actual Groundwater Initial Soil pH: .32
12 | Anolyte: Actual Groundwater = Unsaturated Soil
Catholyte: 0.1 M KI Solution (GW Based) m Saturated Soil
Electrodes: Titanium
10
= 8
=N
'S
@R g |
i F
2 =
0

0.25 0.50 0.75
Normalized Distance from Anode Reservoir

B3-16 BLSPEIRIEE)HEIGRSH T REIEHABELIER L BpHEZ 1316
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d) RERITEIEREERELZ ST
FRASIE3- 1746 BT - (EEEIRIE168 h» PR EERIE L M AR5

im < SORBREREREBERE RS - A X R FERBREABR(ES R

Hel" % [F5 i R B H gL 1 [ B i A Er » (BeEfE IR bt e >
Bz » Ko geRAER RS EBER P AERERR (B0 © BYEEER) FEHE
SIS A2 SimATEE - 5590 ReGHE LIR P OGRIE R R E 52,662
mg/kg » GG TR IORRE R 53,345 mg/kg » HEG HIRUGRE
B2 1530.01% o
4500 EK Remediation of Hg-Contaminated Soil for 168h  Constant Current; 20 mA
Saturated Soil Contained with Actual Groundwater Initial Mercury Concentration of Soil: 4291 mg'kg
4000 [ Anolyte: Actual Groundwater & Unsaturated Soil
= Catholyte: 0.1 M KI Solution (GW Based) M Saturated Soil
== Electrodes: Titanium
B 3500
g
= 3000 |
o0
= 2500
%
52000 F
§ 1500
% 1000 F
o
500
0

0.50
Normalized Distance from Anode Reservoir

0.75

1.00

E3-17 #CoFRE B e D RIaRITH T RSB M ER TSR B R
by kil
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TR S8 AR R aR IS H LA

448 J1z

KR EEETNE HE RIS RER LT TK OHES
9.66 - BEE [ F5840 uS/em ~ LETRIBAE 550.00168 mg/L) » kS ~ BHHRiER &6 H
BT T /KACSY 0.1 MEYLSF/KA (PHYE59.65 ~ BEERE 513,100 pS/em -
WESRBRE 50.00168 me/L) » BB E RFISkEE » TIBI20 mATEE R H I
0 -

72168 hEBE IR IER - RERIHIEE - HSERpHELZZ(E - RIRE
SERREZ 8L KIER L iapHE Z 57 R S TER T R RE L 1
gl

a) & ~ BHisEpH{E 2 21k

HRISE3- 1845 RN N BE) /IS 24 b [2 ~ FisiE R pH{E /25 /122
523.08 » j224-168 hiF] - [& ~ (G iGE Rz pHE W HEAE 2 2t (R168h 2
Foiig R < pHIE 773 751 712.8 52 1.66) °
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EK Remediation of Hg-Contaminated Soil for 168 h
Saturated Soil Contained with Actual Groundwater
Anolyte: 0.1 M KI Solution (GW Based)

Catholyte: 0.1 M KI Solution (GW Based)
Electrodes: Titanium

Constant Current: 20 mA

-4 Anode

i
o]

= a!

Reservoir pH

5 L
& Cathode
4 L
2 L.
—~ & > 4
0
0 24 48 72 96 120 144 168 192 216

Elapsed Time (h)

E3-18 BU{LSEBEE HRIaHRITR T BBIEBES - BEERpHEZ F1t

36



B=E SRENE

b) EREZERAEZEL

REE3-1945 R8T » KEFIRERFERN - EEE2ERAEHEN
[ €24 his HERERITES » K fE24-168 hig - E2IRGE - KIE168 hy BFEEZ
ER IR EE2587 mL -

600
EK Remediation of Hg-Contaminated Soil for 168 h

Saturated Soil Contained with Actual Groundwater

| Anolyte: 0.1 M KI Solution (GW Based)
Catholyte: 0.1 M KI Solution (GW Based)

Electrodes: Titanium
§ Constant Current; 20 mA
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Cumulative EO Flow Quantity (mL)
b2 L
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E. i | |

72 96 120 144 168 192 216
Elapsed Time (h)
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c) RIE% TREpHIEZ 53 1f

RS 32045 ST » SNEWEN IR IE168 h » EAEFIE L AR5 B~
pHIEES S EIRE 5B/ EMRA L (PHERT.91) » TiREFE LR pHEZ(EH
TEE - ‘ |

14
EK Remediation of Hg-Contaminated Soil for 168h  Constant Current: 20 mA
Saturated Soil Contained with Actual Groundwater Initial Soil pH: 9.01
12 | Anolyte:0.1 M KI Solution (GW Based) % Unsaturated Soil
Catholyte: 0.1 M KI Solution (GW Based) m Saturated Soil
Electrodes: Titanium
10
o[ &
=
=
A 6 |
4 F
2 L
0 o

0.25 0.50 0.75 1.00
Normalized Distance from Anode Reservoir
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d) RFER-BEREEREZ M

RS- S R  (SEERIEI68 h - FRATRIE R AR £ i
TSN SRR R A BERE Y 5S  BAE TREARER L
B HEL 3 R I R A He LS RS BIRFTE: - 24h » RERB T
IRIBE M 52,228 mg/kg  THROAVE BT MTIRE M 23,163
m/kg » ELEHH MR RIRAE R27.96% -

4500 EX Remediation of Hg-Contaminated Soil for 168k Constant Current: 20 mA
Saturated Soil Contained with Actual Groundwater  Initial Mercury Concentration of Soil: 3020 mg'kg
4000 | Anolyte: 0.1 MKI Solution (GW Based) # Unsaturated Soil

Electrodes: Titanium

Ly b2 Led e
o Lh o n
= = = =
o o L o=

1500

1000

Residual Mercury in Soil (mg/kg)

500

Py il

Catholyte: 0.1 M KI Solution (GW Based) W Saturated Soil

F3-21 B{L3PmBhEE) R

0.50 0.75 1.00
Normalized Distance from Anode Reservoir
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FIRER AR RIS TRIT A L ST AR ST |
e e

B 5 HEEN5IR

FERB HEETE TR RIKOSRER IR T K eHER
9.66 - BERE K840 pS/cm ~ LTIBEE £0.00168 me/L) » kS  BHHBAER S E
EEH T /KARE 0.1 MBULESE/KAHE (pHIE 59.65 ~ B4EERE 513,100 uS/cm
UERMEER0.00168 mg/L) » ELIGRMDETTE H FiR0.1 MBESTKER » B
B ERASEE - BHR20 mAEERTRIEN -

1168 hWEBIHIRIE - HERARIRE - BEMEpHE Y 25 - RKE
BB B2 25 R T HoH(E Y 57 BT B L AR R Y )15
ST - -

a) 2 - FEEERpPHEZ 21k

IRESER-22E R REF K E24 h B2 IS RpHE £ B Ay 12.4
F%2.09 5 7224-168 hiif - 2 ~ PGk pHEA MIEZHE (1680 B2 ~ 5
FEAE R > pHIE 43 Bl 5 12.5521.88) -

e S |

14
12 F
EK Remediation of Hg-Contaminated Soil for 168 h
10 L Saturated Soil Contained with Actual Groundwater
i Anolyte: 0.1 M KI Solution (GW Based; Daily Renewal)
- Catholyte: 0.1 M KI Solution (GW Based)
= 8 Electrodes: Titanium
E Constant Cumrent: 20 mA
2 ¢ -4 Anode
o~ - Cathode
4
2 -
ﬁ - I 1 | L [
0 24 48 72 96 120 144 168 192 216
Elapsed Time (h)

83-22 BLHRBIEE) IRIaRKIS R TIRESHRmERE - EEaERpHEZ 21t
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b) EEZERMEZE(L

RIEE3-2345 R8T EFNREHIEA » 2EEZ2ERAEHENRK
fE24 hiF HIFEEITEL » FZFE24-168 h#4 FEIRGE » KE168 hy BEfFEZIE
A= O] 2£865 mL

1,000 z . Z
EK Remediation of Hg-Contaminated Soil for 168 h
~ 900 I Saturated Soil Contained with Actual Groundwater
'é Anolyte: 0.1 M KI Solution (GW Based; Daily Renewal)
~— 800 [ Catholyte: 0.1 M KI Solution (GW Based)
£ Electrodes: Titanium
E 700  Constant Current: 20 mA
-
O 600
2
= 500
8 400 r
2
= 300 r
s
= 200 |
=
“ 100 }
{:I ‘.-r’ | I I
0 24 48 72 96 120 144 168 192

L=A
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Elapsed Time (h)
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c) RIERTREpH{EZ 7316 | |
RIEE3-2445 R EET %‘%ﬁ:ﬁﬁﬁﬁ%ms h » EER01E 18P it he i <
pH{E R EEE 7 4L » HERReTIE R E RS 2R M EmIg R
PR (pH{E £57.92-8.32) - '

4 :
1 EK Remediation of Hg-Contaminated Soil for 168 h % Unsaturated Soil

Samurated Soil Contained with Actual Groundwater B Saturated Soil
12 Anolvte: 0.1 M KI Solution (GW Based; Daily Renewal)

Catholyte: 0.1 M KI Solution (GW Based)

Electrodes: Titanium

10 | Constant Current: 20 mA

Initial Soil pH: 9.01

Soil pH

)

0.25 0.50 0.75 1.00
Normalized Distance from Anode Reservoir
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d) RIER LRRRREE REZ DT

RISE-25 6 R - (CEEHIKEL6S h» RIS RAERE R
WRBE RS SAEEREI S KON REr iR R ES R
SEAEE  EARENE RIS R 51,843 me/ke  MATFIB L
BT TR TR 51,357 me/kg » EUESHE T IRARR I IR £47.02% -

4500

EK Remediation of Hg-Contaminated Soil for 168 h @ Unsaturated Soil
Saturated Soil Contained with Actual Groundwater W Saturated Soil
4000 | Anolyte: 0.1 MKI Solution (GW Based; Daily Renewal)

BB Catholyte: 0.1 MKI Solution (GW Based)
=t Electrodes: Titanium
Bh 3500 | constant Current: 20 mA

E Initial Mercury Concentration of Seil: 3020 mg'kg
= 3000
¥ i

=

— 2500 |

=

=

S 2000

S

— 1500 |
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Z 1000 ¢

o

500
D Sk a1 e

0.25 0.50 0.75 1.00
Normalized Distance from Anode Reservoir
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FIREE AR RIGRI SR TR
| e

64 B,

A 4 St B = 4 R S B - B R I/K OB MR8 B EL B K (pH{E
9.66 ~ BTERE 1840 pS/om ~ LA £0.00168 mg/L) » ke ~ FHililK &
EE T /KA 0.1 MBESR/KER (PHIE %9.65 - W 513,100 pS/em -
WS 150.00168 mg/L) » B IEMTGE(TE B F#20.1 MBUESKBR R
SR T ERIN13.7 g Ess » SBIEHEIRMH%ES - BB mATER
N °

7168 hEBE LK ER > HERSHIREE - BBEBERpHEZ Z{b - ZHE
BERNEY B0 RIE% L BpHEZ 76 R FER T BUEREERE Z M
papiis (N

a) & - [FifEiRpHEZZ1k

RIS E3-2645 BN - FNEBY IR ME24 h B2 ~ (B RpHE D B /119
F21.86 » 324-168 hi » FEEfE R 2 pHEFIEEME - MEHBERZpHER
R #(E (R168h » & - ISR ZpHE T A A12.150.97) -
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EK Remediation of Hg-Contaminated Soil for 168 h
10 Saturated Soil Contained with Actual Groundwater
- Anolyte: 0.1 M KI Solution (GW Based; Daily Renewal)
= Catholyte: 0.1 M KI Solution (GW Based; Daily Addition of 13.7 g KI)
= 8 Electrodes: Titanium _
= Constant Current; 20 mA
E 6 - Anode
o % Cathode
4
U | 1 1
0 24 48 T2 96 120 144 168 192 216

Elapsed Time (h)
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b) EEEZERMEZZL

RS- R B HRIESRIN - EMES AR RSN
FZFE24 48 hB§HIRERITEs  [TME48-168 his T 2 I4% » K168 hr B
WEL2ETRENETT mL TR E R BRI LSRR AR
RS A L TR R T R (RS Ve - B AR (I Ry 2
RO BIEE - |

600 :
EK Remediation of Hg-Contaminated Soil for 168 h

Saturated Soil Contained with Actual Groundwater

Anolyte: 0.1 M KI Solution (GW Based: Daily Renewal)

" Catholyte: 0.1 M KI Solution (GW Based; Daily Addition of 13.7 g KI)
Electrodes; Titanium

 Constant Current: 20 mA

Lh
=
o

NN
=
L)

Cumulative EO Flow Quantity (mL)
S 8

=i
<
o

0 24 48 72 96 120 144 168 192 216
Elapsed Time (h)
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c) RIE% +AepHEZ 731h

PR B3 284 BT » REBEN R JEL68 h » EoRIHIE R 4R E T e
S B TIIRAUER (L » ELSREFE +HBpH{E 57.68-7.86 » i gRIfE L1
pH{H £7.34-8.27 - ' B

L EK Remediation of Hg-Contaminated Soil for 168 h B Unsaturated Soil

Saturated Soil Contained with Actual Groundwater m Saturated Soil
12 L Anolyte: 0.1 M KI Solution (GW Based; Daily Renewal)

Catholyte: 0.1 M KI Solution (GW Based; Daily Addition of 13.7 g KI)

Electrodes: Titanium

10 F Constant Current: 20 mA

Initial Soil pH: 9.01

Soil pH

I~

i

0.50 0.75 1.00
Normalized Distance from Anode Reservoir
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d) Ffge +REGREERE Z 77

FRISE3-29% /T - KBE/IKMEL6S h > FASREIAIE 1 38 PR B i
2 BRBEREHRER SIS AT ERARESER AR REE
Fi v B 3R P 2 30 [ R FA T R AR K Y B B IR S P
ME o FAN » RAFIE IR RIE R 552,104 mg/ke » TAAFNE 15
LIRS Ry 1,465 me/kg o HEERERHRIBEAN R IE168 h BfE 2
ERTEE177 mL o {EEEEE IR R R EE £40.91% » EUEHIE
B IR AT SR ERTIS I 2 R IEH] » F R DR SR K
B TIE Z Hel B A T » MBS RHEZ HeL EFHE %

=

e LLf
B2 e e Al AR -
4500 EK Remediation of Hg-Contaminated Soil for 168 h # Unsaturated Soil
Saturated Soil Contained with Actual Groundwater ' B Saturated Soil

4000 | Anelyte: 0.1 MKI Solution (GW Based; Daily Renewzl)

Catholvte: 0.1 MKI Solution (GW Based; Daily Addition of 13.7 g KI)
Electrodes: Titanium

3500 I Constant Current: 20 mA

Initial Mereury Concentration of Soil: 3020 mg'kg

Residual Mercury in Soil (mg/kg)

0.25 0,50 0.75 1.00
Normalized Distance from Anode Reservoir
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7 & )

KB BEETE LS RIS RER AT K HER
9.66 ~ MR 55840 pS/om ~ HETEERE 50.00168 mg/L) » ik - FHIBIER &1
B PR KAREL 0.1 MBYESF/KAE (PHAE £59.65 ~ BEEERE 513,100 pS/om »
e 50.00168 mg/L) » ELR: ~ PR S E(TE H R IIRUYES » EORm
B4 R 5303 g 13.7 g » B EERASSE » B0 mAE BT
-

7168 WEEIEER » HER SRR - BEERpPHEZZ(E - 2RE
SERRE 2 8 RIER L RSpHE 2 53 B FER LR R L 50
STALAT

a) [& - BHiEERpH{EZ 2L

IRIEE-304 28 NEE IR E24 b [ - BB RpH{E T 5 A11.9
F%2.06 1 7#224-168 bt - & - [BBMER 2 pHEAMIEZL - BSBERpH
BEEFETREZES  msEERZp HEARE 282 (R168h [ -
PotAE i 2 pHIE 23 A1l /5 14.0520.28) -

14
12 p
EK Remediation of Hg-Contaminated Soil for 168 h
10 Saturated Soil Contained with Actual Groundwater
Anolyte: 0.1 M KI Solution (GW Based; Daily Addition of 30.3 g KI)
) Catholyte: 0.1 M KI Solution (GW Based; Daily Addition of 13.7 g KD)
= 8 Electrodes: Titanium
E Constant Current: 20 mA
S & -+ Anode
~ & Cathode
4
2
0 —& .
0 24 48 12 96 120 144 168 192 216

Elapsed Time (h)
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b) EHEZERMEZEME

RIZE3-3145RET - KRB REREN - RREZSERTEHEN
FRFERFRE72 hjz 144 MR SE ZWHTRE - RIEL68 hZ RIRE 2 ERME T &

704 mL -

800
EK Remediation of Hg-Contaminated Soil for 168 h

Saturated Soil Contained with Actoal Groundwater

- Anolyte: 0.1 M KI Solution (GW Based; Daily Addition of 30.3 gKI)
Catholyte: 0.1 M KI Solution (GW Based; Daily Addition of 13.7 g KI)
Electrodes: Titanium

" Constant Carrent: 20 mA

o =]
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Lh

o

=
|

Lad

-

=
T

Cumulative EO Flow Quantity (mL)
b2 +
o L
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0 24 48 72 96 120 144 168
Elapsed Time (h)
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c) RFERTREpHEZ 537

RS- 265 BT  (EEHFIRIEI68 b » SR AR R AT L
SEE S TN MEs L - L REEFIE 2 H{E 57.60-7.88 » ARG T
pH{& £57.52-8.83 - | |

4 .
: EK Remediation of Hg-Contaminated Soil for 168 h i Unsaturated Soil

Saturated Soil Contained with Actual Groundwater W Saturated Soil
12 |- Anolyte: 0.1 M KI Solution (GW Based; Daily Addition of 30.3 gKI)

Catholyte: 0.1 M KI Solution (GW Based; Daily Addition of 13.7 g KI)

Electrodes: Titanium

10 L Constant Current: 20 mA

Initial Soil pH: 92.01

Soil pH

b2

0.25 0.50 0.75 1.00
Normalized Distance from Anode Reservoir
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d) RIERTAREREBEIRE 710

TRIZE3-334ERBUS - LEBEY I FEL68 h » PUREENE R AFIE L5
ATl < SRR RE R BE RIS R TR FE R AR AL
7 el 1 (B 5 50 R i pH e 1A% [ A » {8 6F0/E e rh S AT
FZHRR - FHh RN TR PIGREEIRE 1,296 mg/kg » TMEEFIJE
TEBIGORBE RE /953 mg/kg » A TIRIR ERFR62.77% -

EK Remediation of Hg-Contaminated Soil for 168 h = Unsaturated Soil
Saturated Soil Contained with Actual Groundwater B Saturated Soil
4000 | Anolyie: 0.1 MKI Soluiion (GW Based; Daily Addition of 30,3 gKI)

Catholyte: 0.1 MKI Solution {GW Based; Daily Additionof 13.7 g KI)

Electrodes: Titanium

 Constant Current: 20 mA

Initial Mercury Concentration of Soil: 3020 mg'kg

Lad Lt
= Lh
o] <
= =

-

2500 r

Residual Mercury in Soil (mg/kg)
=
=

o

=

=
i

=

0.25 0.50 0.75 1.00
Normalized Distance from Anode Reservoir
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FIR SE A R 6 RS R M A
£ 8 (HE ) 1zAES

AERB HEHENE IR FIKERERFEEH T K HES
9.66 ~ HEEE R840 uS/em ~ HFRIRE 750.00168 mg/L) » TkE ~ FEimisig &
HEH T/KECEL 2 0.1 MEESR/KBHE (pHAE £9.65 ~ BERE 513,100 pS/em
LETRBER50.00168 mg/L) - HEg ~ (BiGilR SETE R RIIBESR - EFRh
B2 5 A1 /30.3 ghk13.7 g » BB BEERKEE @ EEH20 mAEER R
io - B E o AESFEARETEEE NER RENEERSAR (HTHEES
14H) » B a5 40 B A R 0 Dh 38 R 720 Watts TR it fE 28  (Gwinstek,
GPC-3060D) & [& » &XCA A # HThZE 5380 Watts 2 R EZS (Gwinstek,
GPD-X3038) -

12336 hBEIJIRIER - HERD R - (BEERpHEY Bk - S
SERRE b RFE% L BpHE 2 i K FE% T BRI B > S
STHT
a) [& - [GiEfERpHEZ 4t

TRIZE3-3445 RN N BB I 24 h - B2 ~ I3 15HE RipHE 53 51 510.4
5:2.07 » feiBfER 2 pH{ER24-72 h}:288-336 hiffd] » BEEZ (L » M5
R Z pH{ERR264-312 hilifE] @ INVEEEZ E1E (73336 h [& - BRIGIER
ZpH{E R B13.6%1.32) «

14
12 M
EK Remediation of Hg-Contaminated Soil for 336 h
10 Saturated Soil Contained with Actual Groundwater
- Anolyte: 0.1 M KI Solution (GW Based; Daily Addition of 30.3 g KI)
= Catholyte: 0.1 M KI Solution (GW Based; Daily Addition of 13.7 g KI)
.‘E- 8 Electrodes: Titanium
> Constant Current: 20 mA
2 6 - Anode
& & Cathode
4
2
'} 1 I 1 1 | | 1

0 24 48 72 96 120 144 168 192 216 240 264 288 312 336 360
Elapsed Time (h)

53-34 BCSPEBI R NRIGKITH T B GRS - iR RpH{E 2 2L

e e e 1 et
52



F=W ERENW

b) BEREELERTEZEL
RSEB-3SERET - KBENRESEN  EMELERRBHEN
RERSRE24 hAY o HEEEE TR 1% 0 EISEREISNN > K336 h
> BRESER TR F 413 mL (5F © S74A5NER 168 hBF FI 704 mL) > #
BIFEER B E e NG TR LS  EREMME TR G 5
T4 EREART BB BARERE £0.17-0.28 Viem - MBS B &
AR E £0.07-0.30 V/iem) BTEL -

800

EK Remediation of Hg-Contaminated Soil for 336 h

Saturated Soil Contained with Actual Groundwater

[ Anolyte: 0.1 M KI Solution (GW Based; Daily Addition of 30.3 g KI)
Catholyte: 0.1 M KI Solution (GW Based; Daily Addition of 13.7 g KI)
- Electrodes: Titanium

Constant Current: 20 mA

L
o =]
) S
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Cumulative EO Flow Quantity (mL)
e .J:I..
= =
[ =

=

0 24 48 72 96 120 144 168 192 216 240 264 288 312 336 360
Elapsed Time (h)

B13-35 HYLEEB BB I EIERSHR T REEARE RHE AR R ZE(L

53




FIA B ATt a5 H T AR
R e

c) RFE& TAepHEZ 7710

RS- 3645 ST » BB IE336 h» FRHAIE R ARG L
S E R SIS MEEL - EREIFIE T pH(E &7.58-7.78 » TMEEAIE 1%
pH{E %57.68-8.32 - |

14
EK Remediation of He-Contaminated Soil for 336 h ¥ Unsaturated Soil

Saturated Soil Contained with Actual Groundwater W Saturated Soil
{2 | Anolyte:0.1 MKI Solution (GW Based; Dailv Addition of 30.3 g KI)

Catholyte: 0.1 M KI Solution (GW Based; Daily Addition of 13.7 gKI)

Electrodes: Tifanium

10 F Constant Current: 20 mA

Initial Soil pH: 9.01

0.25 0.50 0.75 1.00
Normalized Distance from Anode Reservoir
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d) FKIE®R LRERBERELZ D1

IR E3-3745 AR » (R EEN IR ME336 h» FAREEAfE R aAlfg T
AR IR SRR DA AEEREZRS I X EERE ARER LS
R Hel," 7 E 5 i R Ak He LIS FFR IR AT EL - 555 » HeliRERiEs
AR 74 ERA R - R TR TSR BRI /2,220 mg/kg (&
ETERBREERENLTIE (902(5)  MEMELRPIEREERER
1991 mg/kg (B T4 BRTR R RERY2.085 (4921%)) - HEM TIMEECRARR
% 530.30% (BEBETERERERIENI48.27% (4350%)) - LR - REER
BT » IR ESRMN IR A/NE T RAREREANEFIEHERE -

EK Remediation of Hg-Contaminated Soil for 336 h % Unsaturated Soil
Saturaled Soil Contained with Actual Groundwater B Saturated Soil
4000 | Anolyte:0.1 MKI Solution (GW Based; Daily Addition of 30.3 g KI)

Catholyte: 0.1 MKI Solution (GW Based; Daily Addition of 13.7 g KI)

Electrodes: Titanium
3500 [ Constant Current: 20 mA

Initial Mercury Concentration of Soil: 3020 mg'kg

Residual Mercury in Soil (mg/kg)

0.50 0.75
Normalized Distance from Anode Reservoir
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FIFRREN ) ZR I EEIERIT A T e A 5T
e ERERERE}R}E}EE SRS o =2

Soh - REBRERERR D > FEHDER SR ENE AL/ EETEH
ERFPHESA RS H EREEE NHENERKER L ZE » RERIGR
(Hb$%—FrR) 838 - 5140 - 5554 ~ ST R S RAEEE) T B R A AT hE R

TRESHIFERIG 2 pHE R 2EREIEZ RERIE - LHUE1LAFERE R EAGER
(pHIE R2-4) RAEE  HEREAREIRERER (SUS 3168 FH) i
RIETIESBIER TEEASENGE - EMARABERTIER (31H)
R E LK IE - BUE IR E S« BERE R ELREaATER -

& FSEEH HRBER (0R3-3) BR (1) BFE2-4ERBERS
B GAIE LRI TOK » BREER R PARERERO.1 M KUKERES - 198
FEFH/K B cPEVREARERS R FIR R LS BUK AR Z He L RSB E
g e En s BAERERT  2) HERSERFBESRGRER B0
M7 KURBE AR5 A K LR Frig eV [ R (E A IR AR EZBE
ST BK AR Z Heolo B2 IR M 1 e il 2 B2 B BB » (3)
HESCLHEAEREE RS - RS ERMERAF177 mL - BRI ARE
IREEREE8.90 g » BLEENARERGIN S @ REESTRBUKEBAEZ Heol,
HEHE2ARBEREBRZER » WERETAZ TREEMF - (4) A%
S-TEHEEREE R » (BB H EiR0.1 M KK RE@ A RIn30.3 g K1
FERESETGIYESE A LRS- FERGEREVERRR - HEHRIB03 ¢
KIgEg HE#0.1 MKUKERRBE & (5) BB 7ERBMESBERER 8
TREESS S TR KNG GBI INE S L B » EMZ TR T B8R K
TBFEM RS 0 BB BURRREANEH MM -
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