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This study focus on reducing and removal the mercury and Dioxins from three different
contaminate soils by hydraulic-separation and flotation. Floatation was used to polish removal
of the residual mercury and Dioxins in the soils after hydraulic-separation. Soils samples,
including high, medium, and low level contaminate, were collected from a contaminated site.
This study also determinates the correlation of the soils diameter with mercury and Dioxins
concentration. The results show the hydraulic separation removed the 72.6-86.9% mercury
and 16.6-67.9% Dioxins from soils. The characteristic curves show the coarse and fine
diameter soils have high level mercury and Dioxins concentration. The mercury extraction
from contaminated soil by citric acid, hydrochloric acid and pure water were similar in short
extraction time. The 75% ethanol extracts Dioxin from contaminated soil efficiently. HgS and
element mercury were major form of mercury compound in this contaminated site soils.
These two types of mercury were difficultly extracted from soil except using strong acid.
Finally, this study demonstrated the hydraulic separation could be considered as a
pre-treatment technique to reduce the mercury and Dioxins contaminated soils.
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This study examines the effectiveness of thermal desorption of CPDC’s contaminated
soils using a bench-scale column reactor and a pilot-scale rotary reactor. The test parameters
include desorption temperature, duration, and carrier gas flow rate. Thermo gravimetric
analysis (TGA) is used to preliminarily understand the thermal characteristics of soils. Four
soil samples (A, B, D, E) contained various amounts of Hg and PCDD/Fs were then tested for
their desorption properties at 500, 550, 700 and 800°C. The resulting physical and chemical
properties and distribution of mercury fractionations and dioxin patterns were then accessed.
The experimental results showed that the soil pH changed from neutral or weak basic into a
strongly basic. Soil organic matter content decreased with elevating the desorption
temperature. At all of the test temperatures, Hg concentration can be reduced to < 20 mg/kg,
the soil standard by Taiwan EPA, from the concentrations between 6.7-480 mg kg™. TEQ of
PCDD/Fs at 550°C for 2 hours after treatment reduced to < 1000 ng I-TEQ kg™. OCDD and
OCDF were the major dioxin homologues in the soils, before and after thermal desorption.
Mercury fractionation examinations showed that mercury was mainly in residual form before
and after thermal desorption. These results suggested that the bioavailability of mercury in the
contaminated site was relatively low. This study provided better comprehension in the
repartitioning of these contaminants in soil. Results presented here may provide useful
suggestions for the scale-up thermal treatment processes in the future.
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ﬂ*&ﬁ%%ﬁi%ﬂi%%ﬁ%*ﬁ@ﬁ%ipi
P4
Wi&ﬁ*?%ﬁ@*}&?iﬁw
3 A
ZERIC R EF & 8L
99 & 127" 31 p~100# 12 *» 30 p

P1Y
“Fh(Arsenic)”s L p FRCKREE A r KT AT Y L A k- fi’%‘f”“?%_"i &
>oood W H R AR R FE A AR - TR eA M AR LB B {1
CAMB R CBITURE S ETE S WE R PEE S R Jﬁi/psl ESRN (e
EHLEEYR > FARFENGMBRASFZe  TE AP T RERRRES L2
A AR RE B TORGFARKEERL AR > ST BE T RTE R BRER
P o “gish 7 (Magnetite, Fes04)” » * FL“4% ¥ #2480 (Ferrite)” » 3T & KA * 30507 2 M5
Az KMMAERE e B X AR CFPMFTRIZZTAES «c AL BBETIUORRE S
(hydrothermal synthe3|s) EIERR NI A E =X R N | Ff:“’f' HoktY 2G4 2
Bty c AP 2 AT 2 % G LB K E B S E R L i '-P ;2.7
SR E A BT @%ﬁéa&%w@ﬁ 3.% 245§ Bl (FesOu) s ' A 2 B i '-P,L 4
l%ﬁd” MNT R A E BEE 4 FHPE bR Vs Hid AE K OE 4 S Bz F18
u@ﬂ*%ﬁ%@#&ﬂ RO G R 2y TR e
TAEET o ARERETEH2~pHT)» 2 4 f Wz ok s F B e R
@?@&%&ﬁ%%ﬁﬁ’* FIS AR N 0 TT G osnendAn ¢ e A
#9512 95 %11t » % # 1 pH 3~ pH 4 ehi 25 ’vl“.ﬁ%“f‘“ % ¥ ik 99.99 %t b o
d ZES s RF>pH3711 méﬁ*fr’&“q‘ﬂ & w7 1% 14.35 mg/g ~ 10.12 mg/g %
488 mglg» . pH 3 % pH 11 cndf (T % 7 » pH € > As(V)mvl LR PR P BEH A
B S > o S S % A2 or 04 Langmuir Model § i 2 RS S 0 F RE 4 34
PRl BASORT B RGE S E S FER 4 N kAT o gt vh o d As K-edge XANES
FrespR oA B gl oIl §aE 2 ¢RE LR FHERSL LS
frenz B A ¥ RMBERA 2 L g d
BT W2 R E Y ML 2 BFEREES o AP LRI L AR B
(5 T A2 s SRR S T A ek R 10 mg/L ~ R A& 25 °C ~ Ak B
0.1 M~ 45 % 248 0.05 g~ %t ® 44 10 mL ~ g 30 » 45 enfin™ » 817483 &
B2 R it pled 0 B R BT R AR SRR R R it M BEL (HaPOs) B it B
frﬁéqs\(Na:gPO‘;):ta ’ E’Jﬁ’;(HNO\’g)ﬁx?}_ » IR “ﬁ“‘iﬁ‘;;#kﬁ- % H3sPO, > NasPO, > H,SO, >
Na;SO4 > HCI > HNO3 » H Ap s 2. T W F st i oc & 4 %) & 83.52 % ~ 63.26 % ~ 52.80 % -
4334% ~156% ~0.61% - £ 2 FEPREZFEF R > di~4eT B AR 500 ug/l > B A
25°C ~ Bifit ik B 0.02 M ~ 48 % =48 0.002 g A 10mL ~ 483 BRSO EE R 30 4
48 ~ E}kﬁ’x’gﬁ’rffﬁﬁ 30 AAEENTIRT o B = X IR R SRR D A R T2 IT
BT B BEMEFL A S e H T A s A F Fg B B H Gl
FvvE B Hrp UBEIABIBNEL 227 F
AT p WS EMEY R ERME LR TORZEIL B ANELS NI BN
FLE L Jﬂwwﬂo*%%mw%%7%W“H@mk&#®u116mmAEM3
HO/L > & & >0 2 e s (WHO) A #78 fehde * kiR 8 10 po/l > % 7 54 § /e
B EJE&;\{;E FRARERE o 2 ANFITIEE ZqdH FesOs £ £ 00590 7 J\%ﬁyﬁ 10
mL> SR 4 i 2T o PRERIES U X MFT L2 B TRk BEFR T
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w3t P M (pH 6.84-7.65) & a1 (pH 1.61-3.30)=% ¥4 Bt T > B chfd "$ ey i 917 %I

Foo g T oRR R PR R 357 ' K T WHO R e ang KRR R B 10 pg/l 1 T (B
B AARER L T.0UQ/L) o 2t o BEARE Y BT IRE T (PH < 2)F L3FB 3
4v ) ,@;L%P.r ‘—‘_: A 5 §i~4ﬁ$ /@gf’p}"l‘d-;sfﬂ 7 }f%qr % </Eé'ﬁ4‘f*—". J\ji“r”_;,7 ;EEJ o

Arsenic (As) in groundwater and contaminated drinking water has been a major health
risk impact in Taiwan and southeast Asia countries. Arsenic has been a common added
ingredient in production of various industries, including herbicide, pesticide, antiseptic, wood
preservative, glass and ceramic-ware, metallurgy, leather, textile, dye, and rare metals. This
can easily cause serious impacts on surrounding environments, in particular groundwater and
drinking water contamination, and ecological systems if no proper waste managing strategy or
controlling policy. Similar high level of As in groundwater has been reported in the Yun-Lin
county in central and Chia-Nan costal plan in southwestern Taiwan.

Magnetite (Fe30,), so-called Ferrite, is a common Fe oxide with spinel structure. It has
received wide attention internationally in recent year for its capability to adsorb As in aqueous
solutions. However, paucity effort was dedicated to related researches in science community
in Taiwan. In this proposal, we apply well developed hydrothermal method to synthesize
nano-particle size of ferrite and to conduct a series of batch experiments to evaluate its
capability to remove As in aqueous solution under various pH, T, solution/ferrite ratio and ion
concentration conditions. Our major efforts in the past year are: (1) accomplish the optimal
synthesizing conditions of magnetic nano-ferrite; (2) accomplish the characteristics analysis
of magnetic nano-ferrite; and (3) accomplish some adsorption experiments for As removal by
magnetic nano-ferrite. The preliminary results showed the synthesized magnetic nano-ferrite
has a great potential for removal of As even under acidic conditions, where the As(V) removal
efficiency could reach more than 95 % in five minutes. In pH 3-4, the As(V) removal
efficiency could reach than 99.99 %. From the adsorption isotherm, As(V) adsorption
capacities were determined to be 14.35, 10.12 and 4.88 mg/g at pH 3, pH 7, and pH 11,
respectively. In order to investigate the feasibility of magnetic nano-adsorbents in natural
groundwater, six As contaminated groundwaters were sampled and tested for As removal in
the laboratory. The total dissolved As concentration ranges from 21.6 to 84.3 ug/L, indicating
all of the these groundwaters were potentially As contaminated groundwater (WHO limit: 10
ug/L). Our synthesized nano-ferrite were applied to remove As in these samples in the
laboratory and found As removing efficiency of more than 91.7 % in all cases. Currently we
are further evaluating the feasibility in ferrite treatment of the polluted groundwaters in
natural sites.
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fhodcmdtif ~ Ao TR Ae B R P EOE RS MR TE Ay
Vhrend ka4 o i § B (FesOy, Ferrite) - * flLezdhi7h(Magnetite) » 7 — R BAlE2 4 &
RS P ALY N ER A B R Tl R R B B
WAEE ol N H AP BRGNS T A gRAF B2 &G o # ER AL G
FAR R A e o gt b BRSO R e o ACTE] S LS SR e 5t 3 R
B AR G L BRI RS kG ff 0 B Y S5E0 RATERE > T BT <
Hier BdEF o3I LRIV baia R3S F et B o4 PR REFEK
B G A R = AU ] O A o

Flut 0 AFER B 7 G B - AT RE R o ] Hd 23K R
AL R TIRE RS R RS L B2 - R GRS ok 2 BT
ERE A TS RS YRR NS (C RS ROES 3 S SR S
dRATZEEE 2 AR EESRTLREA 2 AR AL

A

AL EAE AFREF  F- R BIRBARFESFREERGIAY Y
Broaitwmp WET B2 b g~ R 2 WH N RFLHRERA S TR TEG
B CFRER CPHEZ R F E o gt {0 E MR IR B (Toxicity Characteristic
Leaching Procedure, TCLP) 2. B i% £ pl22 p 4k 3 22 affetd > 17 5 {8 1 37E & $ 48
§ BRSO kg e

FOMEGPHBI B R PR R AATEET O L E? AR R W B
W2 AAp@aEF > % 2 REe 7 X £ 36tk (X-Ray Diffractometer, XRD, BRUKER
D8 Advance, Germany) ~ 42 # & & + 3 2 # & £ & (Superconducting Quantum Interference
Device Vibrating Sample Magnetometer, SQUID VSM, USA) ~ #$5 7% & + & #c4%.(Scanning
Electron Microscopy, SEM, JSM-6330, Japan) % +* % & # 4 47 & (Brunauer, Emmett and
Teller analyzer, BET analyzer) -

FIMELBI B L PR MEIFEE RGN ET O MIFEFEH R R
Bz pH- S RREE S GE BB RE L FRF T o ¥ b o ARSI RS
B I BREG TahR N s RBR RS L Az G2 A E R Xk
2ozt if 5 e (X-ray absorption near-edge structure, XANES) @l :#4f £3 § @48 R =
ER P EN BTN + 3

%mwﬁéF@ﬁJ$&£$£QWﬁﬁiﬁ@’i%ﬂ*%ﬂﬂ%—@ﬁ*ﬁﬁ
(Psuedo-first order kinetic model)” % “#t = F¢# # #i-3% (Psuedo-second order kinetic model)”
KePfo B iz » (T2 B ABARFLER ST 404 FERGE AP Y * 2
Langmuir model # Freundlich model % -3z -

SEED BRI L A F 2 AR X2 SRR R B T
Fhz sy B 2 gl o PIRAZ RAR L W R AR 2 BAF (H3PO4 ~ Na3PO4 ~
H2S04 ~ Na2S04 ~ HCI ~ HNO3) » % *itdf (1% i+ 5 7 i A 4= 4k & 10 mg/L~ 8 & 25 0C ~
Ak & 0.0125M-0.4 M ~ 455 248 0.059 ~ " & 484 10 mL ~ s pr F 30 &~ 45 -
Peeh s B AR BHR Y YT R AF L TR 2 AT 0 & B RS iR AT
KN E S 2R AR BE A D ek KA U XSG AREE L TR R TIE
G d FesOs £ 8 0.05 g0 # T R84 10 mL > Sl 4 0] FFeniE 2T 0 3 T 4p

BE ST 2 AT Y o

g %

L2 iy s LiEdz giimy

16



@ TN sME B £ ETE AR P (L TCLP 17 52 32248 8) > %%

%ﬁiﬁﬁﬁﬁﬁﬁfq¢@$@@*m%éﬁ B GEE S A AT R BRiEE
T@HG8“W§W%8WC<@$+k&01M04M)BOA%mﬁﬁﬁﬁéﬁi
593 B R OTINA R IRE SR IR A T R R T BALL & 7 B 0753 pH

scfE P pH 8-10 % Z48% B &£ cnd kB Ry £k or 3 Limin
FRFEHBIBEM AL NA S LR N RFRFRF TEI BT RF
E{-ER -
RGN B A NFEL T
¢ 7 XRD rxznd 4 & B 4p 5 FegO4 (Magnetite, JCPDS file number 19-0629) - - &
B AR L d RS F R 6 R R(SQUID VSM)iRI 9 £ 4 b foms i £
% 8253 emulg; M HFH N T F HACE(SEM)ZE s s F e T RELR I op W4 2
B2 Aokt A & A~ #2 58-112 nm 2 fF > T e pl s 80 nm; xR G ff A 4T
K(BET) K@ H 342 4 & # - - F A LIk 2 /54 9 5 30.6m?g ~ 0.09 cm®g ~
11.68A o pt b o gEd Pk AT p WABT ML BT B PHpe 2 710 BEE 5
BREIRE Y (DH 3) » Aok § 4 2 AdGIRE Y (DH 11)
3.4 F 2R (FesOy) s fipAd 2_ i I F2
& EHtF b2 pH Ba i s A E R 2 B AR o BEFRARMPIE
B7T(PH 2 ~pH 7)) £ 4 p Wi F wdh ¥ @wu it A ¥ Hﬂ”‘ i SR A ok
WA E| B AR R T ok Ap ¢ ST RS R L 95 %1 )
A£H A pH3~pH4 ehig iz ™ > e Hﬁ%%*x—f {7F09.99% 1 c BRE &
% 25°C 1 45°C ek (e B W B 0 R R crsc 4 As(V) enei i 5 3 @ 0 B 0 4
LS ER D S SR *;:a‘%—”l AS(V) S5 45 o o o B S ST 4o pH 3 »
7~ 11 skpfri i § A B 7 iE 14.35 mg/g ~ 10.12 mg/g 2 4.88 mg/g > F R X R
L 3]4%% - 2 pH3 2 pH 11 endf it % & > pH 4 o AS(V) SR A i e P
%pi«g Svendf g o pteb > d As K-edge XANES 7 5 B % B IR > A "4 3 248
hI GAT R A BRP) P GEERS L LS Mz B 20 FOKWIRR A
ER R
4.3 A2 R BE AT 2 PR
AT RIFEY L AR Bivs T | Fh 2 B VA 0 AR IE 2 S T i B G he
kR 10 mg/L~:§ & 25°C~ % vtk B 0.1 M~48 F 248 0.05 g~ % '3 %_"ﬁ% 10 mL ~
SR EE R 30 A 4B T 0 B TR B2 MR PR SRR 3 A PREZ S
7855 i) et i 1R R (H3POy) B i > Bk 40 (NagPO4) = 2 > A i (HNO3g) % £
BT 2 # B 5 H3POy > NagPO, > HaSO4 > NapSO4 > HCI > HNOs» 2 3p 2. T
A8 bt g A W] 5 83.52 % ~ 63.26 % ~ 52.80 % ~ 43.34 % ~ 1.56 % ~ 0.61 % o £ 2 3
PR R R hde4eT HAER 500 ug/L 0 B A 25°C - ik A 0.02 M - 4
§RAE 00020 BFARE A 10 ML ~ 46 § B AE S s PERY 30 A 4~ B R P 30 A
S RT B ARG REIR N E AR T EITRE T 0 BRARBE B
AT ¥ L 2 B S T A s/ “fi? BT I R A e v A 93 %
up,@fg@@ﬂa%@$@@9@47? °
B.EESY MEF H 4 2 T
N3 2 12 Langmuir Isotherm % Freundlich Isotherm #ic#t 7 2% & %ézrz‘s»ﬁﬁ? 2%
S7 18 2 it T Rl it % B T 4 % £_Langmuir Model & Freundlich Model ¥ i 47 it
B BB s BRI § /Eéw Mg R o e Langmmr Model % F i 2
B (R FL L) o £ ds 4 28 > S e s 2 3 pH=3.0 v ¥ & =25°C >

m

=X
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R =10 mL > Fes04=0.059 2 #/%™ » 4 ¥ BMSGT B2 K Ed 4 {50 2
YR - FE# 4 H5Y ( pseudo-first-order kinetic model ) % # - FF & 4 50
( pseudo-second-order kinetic model ) j\’h—%& BRI pEINE - AR 4 N2
14 (R°=0.2662) » #5t.= P 4 BV R - R HCEE S % (R?=0.9999) » P f 4%
3 RS RT R EGE & RS l‘“v‘h S A
6. MBI Z KB F B AIE X T L2 Tk
B AR R v E Rk R FRIC216 P/l 3 BA3 gL 0 F v R L e
(WHO)$H79 #7202 chig % PR @ 10 ug/l » £ 3 Sif 4 AT » PIBE 8 s R
Boo AN ITIED L oSg s FesOs £ 8 00500 3+ 7 k84 10mL > s g pE R 4 /)
PEEPRT o PIRARIL S U X AF L2 e TRk BEREFR o 2% 2 (pH
6.84-7.65) & & 14 (pH 1.61-3.30)=% "t Tk 35 T ’Eémﬁ%‘ﬁi*a:} i 917 % b oo i1
TRk AR R BV F M T WHO 2R g engr * KR E 10 pg/l 12T (BB
rER L TOUQ/L) o 2t > BeAR4B @%“’*“mﬁfﬁf“'f(pH <2)F BB
WARET AP WL B RE G R LS L T RS

LAFFe B BB A8 BN J BN FHREFFRJF DF BEF
B RZ pH A =485 2l & 72 2 £ E > 30min a5 £ 548
FRMILEDE X g0

2. 17 p W B GL BidiE i
GREEEET(PH2~pHT) > 2 4§ Wenk & mthf PN § it i
# Mf*m » X H A pH3~pH4 enig 2 7 > A Gl e 7 i 99.99 %HJ °

3. RIER 20 & AR SR AN SR H p R 1 R R (HPOs) B 3 /;;iﬁfr;ép\(NagPoll):'xi i
(HNO3)§&?L » B “1‘}»9:35 2R A H3;PO4 > NazsPO4 > H,SO4 > Na,SO,4 > HCI > HNO; -

4 L 2 FHPRFEFFR R IZFFRET > iﬁ? BT F L 2 S e i T
f%:z\f_d' G S “,% Fp EpeE i B f “f e iv A 93 % b oo Bt p WE ik
WE EMERLZ LA o

5. % & &R e %fw F w4 2 k7
3 % ko 4 % &_Langmuir Model £« Freundlich Model ¢ it 45 it p %48 F 2248
AT A 2 ST RS 0 e Y Langmuw Model 7 # 22 it 5 % - F B
4R R IR RS REE 4 BN OB 2 SR % (RP=0.9999) -

6. MEZ K BE BT EMF L2 Tk

W T2 TIEET > ‘,% s i 917 % b o Arg e T oROR R 2R R 35
7R T WHO #r 2 ehép * -RIEREE 10 g/l 2™ g & 4 p W2 485 il
B G LT L T REEL 2 HA

2R

1#P*a$ﬁﬁ*ﬁ%*%ﬁf"ﬁﬁ+ﬁ§@ *BPawﬁﬁﬁmﬁin
k2 BT o ’%ﬁﬂ@ﬁ%ﬂ* PR BRET PR Peid R B T
PR BB TOREAE S 2N R MI BB YL AR AT
BIFERARTEFREEZ AR @RV TRRBEREEEZ X %E;ﬁi?
Y2 3R R R NI T TR o

2. 0FF 2 SR TR R R TE R RIRMT 0 R T kMY BT
;;gﬁﬁgtm WA A d 2 W ed M HT R T defe ook %""‘f%
ToRREY L 2 BAAREERAEL S AF LB WER S A B

18



RALORREY 2 2 WA RE LG AL RS S A KT R 2
A2 SRR
CRRA IR EAE RO LA F LR BUUGFE-SE B E
FHE= G2 T PG WG 4 0 AL 10 mLo 42420k 5 10 ppm
g AR RCRY o 3 pH A S HERIE R T s W2 2 7] 0.01 g k4B F A
Tl g WE R SR BT 2 A (S 5 99.9 0610 1) o AR I Rt i
T br4B-4B § RS AR (Cu-ferrite)2 X iy B2 4 fos et B BT (B0 B 4 Sl K 4B T
HW(FesOy) 2R A XV i REF & BT BWs e kWY 2 2 /2 7§
ED =2
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PHAE FERE lﬁﬁgw
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PEPEFRE1 8 Ik
99 & 12 % 29 p~100 # 12 * 28 p

ﬁ&

BAARFEEEFRDELINE T REBFATERY B E BN AR S
4§m é$i&@€ﬁ AR EREHA AR ) B T R TRk 2 -
nm%ﬂ#ﬁ&ﬂﬁwm*%ié’F IRy A2 P RIEHIT A RT > FH A
IR A L AR E TR T AT RIS R T4 2R
iﬁWQW@?éﬂ?m%%ﬁ%i% ERMEY AR AR TR A
PR T HATOMEET] S o A TS RS Lo iRk TSl B RIS R
e A3 F o

AFFHEYOTHAF I RARTOREFRE BT
BEFA 23 G

® T # 4 ;2 (CEEK) /Ty SLH AR A5 4 2 3 > (T 56 % AT > 3 3 T4k B
¥ _7190 mg/Kg "% I 9 2050mg/Kg » 4 ﬁz ek v E 72% o

® T ¥4 H(CEEK) My RHaBe s 423 > 22 pH 2 H3 A7 BEFRT
® T 64 (CEEK) M It R adPar5 4 4 3 > IFRAER S 12 14 7
A3 A2mgll & E S AT B AN § LB
.ﬁbﬁ*1031Qqﬁﬁﬁ%iﬁﬁiﬁl%%gﬁﬁﬁipﬁé&&iw
ThA KRB E S EA L RTRETH IR RFTLE BT A ARE
i 3 AL ’ﬁ#ﬁ%ﬁilﬁfﬁw% o
BELIAT G
® 13 EDTASEARER ImMM 0 % 24y B4 EPHE S
? Eﬁﬁ%%%~ R ILG EG R E e
® Ry RAFESF LI RT A AT IE NPT IR STRI LR

k%%ﬂ%*%o

@ LEK TR p FI AR Y AR A Rl AW
e MG R FE AT E o ME AR B AL AR
TR

The heavy-metal contaminated soils have threatened Taiwan agricultural development
seriously and been paid attention for a long time. The fast and effective remediation
techniques possess high value of research and application. Two promising in-situ soil
remediation techniques will be employed in this pilot test. One is a physical-chemical
remediation- electrokinetics; the other technique is the phytoremediation. Some local plants
have been proven to strongly absorb heavy metals in the soil. In this study, we try to
respectively use electrokinetics and phytoremediation to in-situ remediate the Pb
contaminated soils in Taichung County. Hopefully, we can obtain critical operation
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parameters of these two remediation techniques by preceding this project and achieve
satisfactory results.

Based on experimental results, several discoveries and conclusions can be drawn as the
following:
For the electrokinetics:

® The Pb concentration in the soil can be removed from 7190 mg/Kg to 2050 mg/Kg
(i.e., the removal efficiency is around 72%) after 56-day treatment by the CEEK
process.

® The soil pH and conductivity can be maintained under a stable status after 56-day
treatment by the CEEK process.

® The Pb concentration in the operation solution will be increased upto 42 mg/L then
decreased dramatically. Results indicate that the removed Pd is electroplated on the
cathode.

® The CEEK system operated in the pilot- scale presents that the electricity cost for
removing 1% Pb from the soils is around 8.82 dollars per meter square.

® After CEEK treatment, the Bidens pilosa would grow up in the treated soil which

indicated the treated soil was feasible to plants.
For the phytoremediaiton:

® Soil contained EDTA, EDTA-2Na and EDTA-4Na more than 1 mM, will have
significant effect on Bidens pilosa and Amaranthus viridis growth, and there is no
positive effect on Pb adsorption.

® Field plants, Eleusine indica, Lantern Seedbox, Bidens pilosa, Solanum nigrum,
Amaranthus viridis, Physalis angulat have high Pb adsorption capacity.

® Among, Bidens pilosa, Amaranthus viridis and Helianthus annuus three plants, Bidens
pilosa has the highest Pb adsorption concentration, follow is Amaranthus viridis.
Bidens pilos has potential to be a phytoremediation plant, because it has high Pb

adsorption capacity, high biomass and easy to plant.
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IEFL e AL R A LR FMIINE BRI - o d B AR P AT
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TOoORIEPDELFHIEERF BES B Pt X Pded] 0 2 3E S m 2P
it » BREGFHFLFI TS XAERSA7= > BRI PLAL LI B T 2]
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TE oS RGAASN I IER I AAE AR B ’ﬂ‘“é?""‘lﬁ—‘%fmﬁ;
Ry A AIELIEFY ﬁ“ﬁ P IR RE DT S F TR s g e
5"*‘]"}&..5}311'/5 4‘%% %“fm VA& fRfudn 2 ﬁ’xzm/z ’ H"’}Ffj‘z‘/#é] LG

4}}%/54‘4%‘51” brfﬁ”’ﬁ fr*ﬁﬁ#/ﬁ%)ﬁ“ﬁ Mied £ T ERR - I A m L iE A
A2 ﬁ’i)%}/li’ V% A iﬁﬁ’xlb (SN RE v X L3k A 2 E Y 'ﬁ'%f’%?ﬁﬁ At i
SHERRLGRE LREIOFIERFHRENCE o R FEILHEGNY 0 R R
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Tetrachloroethene (PCE) is one of most found groundwater pollutants. Because it was
denser than water and it would not mix with water easily, PCE was difficult to be removed
from groundwater through traditional physical-chemical methods. Therefore, compost liquid
was proposed as cheap alternative to commercial biological agents to improve the solubility
and biodegradation of PCE. In this study, three compost samples: 3-month bagasse compost
sample (B3), 6-month bagasse compost sample (B6), and 3-month bagasse compost/ kitchen
waste mixed sample (M3) were examined for their biosurfactant property. In addition, B3
sample was selected to conduct column study to evaluate the effects of compost mass on the
PCE remove efficiency. The experimental results showed that less matured sample had better
biosurfactant property than more matured sample, and addition of kitchen waste would further
enhance biosurfactant property. The results of column study showed that bagasse compost
could dissolve more down-stream PCE when compared with bagasse sample, and the
efficiency increased with increasing of compost mass. During 180 days of column study,
sustainable amount of methane gas was detected in system, suggesting compost could be used
as long-term electron donors to degrade PCE. The system remained at neutral pH throughout
the experiment. Overall, compost contains moderate biosurfancant property and diverse
microbial activity, and thus could serve as suitable media for dechlorinating groundwater
PCE.
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Test Processin Potential Potential Qe Ke Power Treatment

No Anode Fluid 9 Gradient Time (cmls) (cm?IV-s) Consumption Efficiency
(V/em) (day) (kwh/m®) (%)
1 Ti 2.41 x10* 8.69 x10° 24182.8 20.0
2 MT DI water 2.32 x10* 9.23 x10°® 217535 21.3
3 RT 3.15x10%  11.36x10® 22415.9 23.3
4 Ti 3.36x10"  12.11x10° 33537.2 26.3
5 MT 2 CMC SDS 348x10%  12.47 x10°® 39332.8 65.2
6 RT 3.70x10*  13.37x10°® 44797.1 71.2
7 Ti 3.08x10%  11.11x10° 120533 24.0
8 MT 0.1M Na SO, 3.17x10*  11.55x10 120953 35.3
9 RT 3.24x10*  11.70 x10°® 122834 47.4
10 Ti 2.64 x10™ 9.52 x10° 58516.9 34.4
11 MT 0.1M NaOH 266 x10*  9.85x10° 55352.5 40.8
12 RT 5 2.78x10*  10.02 x10°® 54948 .4 57.0
13 Ti 3.80x10%  13.70 x10® 178357.1 42.0
14 MT 0.1M NaCl 413x10*  14.12 x10° 155322.3 59.7
15 RT 417 x10*  15.04 x10°® 144401.2 62.9
16 1CMC SDS 3.23x10%  11.74x10® 42147.8 58.9
17 3CMC SDS 3.85x10*  14.40 x10°® 48721.3 75.4
18 0.2M NazSO, 3.02 x10* 9.43 x10°® 119483.5 44.19
19 RT 0.3M Na SO, 348x10*  12.30 x10® 134231.4 48.1
20 0.2M NaOH 2.73x10* 8.99 x10°® 53532.2 58.4
21 0.3M NaOH 3.19x10*  10.74 x10°® 58372.1 59.3
22 0.2M NaCl 3.99x10*  13.95x10° 142853.4 64.0
23 0.3M NaCl 434x10*  16.11 x10° 157234.3 66.1
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In this studying, we have designed a pilot CO, supercritical fluid extraction (SFE)
system, which is composed with gas source, high pressure pump, extraction tank, temperature
controller, pressure controller and separation device. The SFE results revealed the treatment
efficiency reach about 98% under 120°C, 350bar, 30g/min CO, and 5% methanol. It is worth
to mention that pressure, co-solvent ration (v/w) and temperature play important roles in SFE
system. Moreover, the high-chloride dioxins are hard to extraction than lower ones. However,
co-solvent ration and chloride number of dioxin will not be critical factors under higher
temperature (120°C). Finally, the cost of SFE system is about 5,000 NTD/m?, which is full of
potential compare with other remediation technologies.
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PRI/ - 10,000 m®

Cycle time/Batch : 3 hr
ZEHUFEELE ¢ 3unit
EREFEUR © 24 hr
EFHBUEE © 330 day
ZEHUREEGTR ¢ 1578 L
SYBEFEEGTR ¢ 395L

CO, & @ 3,157 LPH
Co-solvent & : 316 LPH
CO, s : 5,327L

WA © 200 M NTD FERSFIE * Tl

PrEg4Es : 10YR

SRR R A ¢ 2,000 NTD/ m®

CO A @ 1,585 NTD/DAY CO; : 5 Jr/kg

REJFRA © 56,818 NTD/DAY

AFEERA © 13,800 NTD/DAY A : 4 AFEQ &HIE, 2 435, 1 ZEEEE)
YR A 5,556 NTD/DAY

SEHBEEREA 2,566 NTD/ m®

SEHRRA - 4,566 NTD/ m3
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Benzene, toluene, ethylbenzene and xylenes isomers (BTEX) exist widely in the
groundwater contaminated by gasoline and are spread by the groundwater flow. Traditional
remediation methods of physical (Pump and treat) or chemical (chemical oxidation)
techniques are generally costly. Biological approaches for treating BTEX in the contaminated
groundwater appear to be economical and environmental friendly processes, but supply of
final electron acceptors for the microbe efficiently is still a strict problem.

In our previous study, it was revealed that an electrode at a given potential could be the
final electron acceptor for benzene biodegradation under anaerobic conditions. Further, the
soil columns (reaction zone were 15 cm) were constructed to study the biodegradations of
BTEX with carbon fiber electrode as the sole electron acceptor. The degradations of BTEX
were more than 95%. This result is useful for the development of bioelectrochemical
permeable reactive barrier. In order to promote this useful barrier to the on-site application in
the near future, some useful parameters, such as the suitable value of applied potential for the
electrode, hydraulic retention time, the efficiencies of BTEX biodegradation, and the
microbial communities within the carbon fiber electrode will be organized in this pilot scale
study on bioelectrochemical permeable reactive barrier.
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# B o W S5 4 — 5 %8S B T 25§ (Underground Storage Tanks, USTs) % J &
ﬁﬂ%ﬁi%ﬁ\mﬁﬂﬂ\“aﬁwz4@ﬁ\iﬁﬁw&hWM*ﬁﬁ4o
oo N E S g SANRE R LR R A A E BT e
B T 3‘_#7'1;2 v 3 e(Systematic Environmental Molecular Bioremediation Technology,
SEMBT) » > 235 ARl A 2 22 = T kR » MR ERFA X DT R - " ME
RIS BEipeha & prEdnt 9 5 2 A T AR A D YA PRI o A A
FaorB gz o3 AR 1% 22 22 SEMBT 5 #lsT 5 o 2 (7 4n 55
ARy REE r 2B A FRT 5 R4 enfElE 7 4 (C8-12 ~ C16-28) % il i
(C28-C40): L & 5244 BTEX A &34 2 ¢ Bipe X L v Ry hd A b 3
L rfeE 2R A fRFZMWERES 172 LLFHE 20 BRI b aT R &
Pocl s o ol P A E 2o 9 (heavy fuel oil)i7 2 32 B -
AETEISEEL S 5 20m® s At 2 H 0 AP AR L 5mT A A B
A 8] G drd] e BASO EE’RJ‘ 4v 150L 2. 37 4 F3use e BASL; % 7 = pF - BASL 5iE 7 P
AP REE TR R AL PRI Y I EFF AN A fEE BBASLH 1Y
Im*2 2 = 3 BAS2> b pri » 1m4#7i5 % 2 = (BASL) » &3t BAS2 4c » 4m° 375 % 2
SUREN 5 M LPERSHRE D BmT iz B A AR e e
o E T TR - BB S i Rtssnd 20m® 2 2 st o 444 Case
6(KH-20)3.3- 4 = “mﬁé‘%%ﬁﬂé‘%é s Eop RGN > AERE A 40mP 2 2 s A
77""’54_5””/154*”/&@&5 B kF95 15%mup » 25Tt > gk R K S
1100~3700 mg TPH/Kkg - ,M;ﬁ; L4 3 4,}&5:/’7\‘#5??1 =L UREE S | ;g "B K
E}‘,\i it @#”'/57@ EOE R *F‘.EFNE A lgfﬁ—i 11’,3 Ky Q.m/r'g 1% o d A'(’*E'Kii*”'aﬂ RR
Case 1~Case 6 z # 7 3R Gordonia alkanivorans ~ Bacillus subtilis ~ Pseudomonas sp. ~
Sphingomonas yanoikuyae ¥ f > Gordonia desulfuricans % & 2 i 4 f2 7/ > 5 B i<t
WEIEG AR S #% i 4 2 W ARE Mt §~ (Atlas, 1984; Bossert and Bartha., 1984;
Cullen et al.,, 1994) - % E 384 > Case 1~6 2 3 3% ¥ 4 3L Aspergillus fumigatus -
Candida tropicalis & Pseudallescheria boydii = @& » # 2| ¥ it £73% 2 32 2 3P 7 Se2 E i
G
Most of petrochemical oil pollutants contain aliphatic lipid and aromatic hydrocarbon
compounds that are hydrophobic to water but sticky to surface of certain materials. These
widespread fuel oil pollutants (total petroleum hydrocarbon, TPH) are difficult to be removed
and need to be degraded with specific microorganisms associated with abundant quantity of

extracellular polymer and secreted biosurfactant. Biosurfactant with the extracellular
polysaccharide and the polypeptide promoted biofilm can be developed from diverse
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microbial consortia that are most found in hydrocarbon contaminated soil. With the secreted
biosurfactants dissolving and penetrating into the oil layer, a biodegradation process can be
enhanced with the enriched microorganisms which can drill channels for mass transport of
nutrients and bioproducts. In order to carry out a systematic environmental molceular
biotechnological (SEMBT) remediation, three research groups are established: (1) bioagent
development with molecular biotechnology, (2) molecular biomonitoring technology, and (3)
biotechnology integration for environmental engineering. This research group will work out
the systematic technologies of the bioagent augmentation, the biomonitoring, and the biofilm
stimulation to perform an useful bioremediation process (SEMBT) in a petroleum
contaminated site. Within one year, a set of ex-situ bioremediation demonstration will be
established with a pilot scale plant of 20 m*biopile treating the total petroleum hydrocarbon
(TPH). These biotechnologies of ex-situ bioremediation will be transferred to the Taiwan
China Petroleum Corporation, and the CHC environmental engineering firm for scale-up
application in the near future. The project goal is to demonstrate a systematic environemental
molecular biotechnology (SEMBT) for biodegradation technology that is feasible for
remediating a large area of hydrocarbon comtaminated site.
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Fig.1 A framework of systematic environemental molecular biotechnology
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Tablel. Initial soil analysis for characteristics and properties of KH92&20 samples.

Cio

-3
-4

Cyo

Response

. . KH92 KH20
Item of soil analysis (2011) (2011)
Sand(%) 33.1 67.9
Silt(%) 31.6 13.4
Clay(%) 35.3 18.7
Soil texture Clay Loam Slandy
oam
i 0,
Organic Carbon (%) 280 0417
Total Nitrogen (N , %) 0.155 0.0257
0.1455 0.0405
Total P (%)
C:N:P 19.2:1.1:1 10.3:0.6:1
Extraction Potassium
(Ammonium acetate extraction, cmol/kg) Al LS
Cation Exchange Capacity
(CEC, cmol/kg) S R
w1 TPHegg. o= 44244605 mg/kg dry soil (n=3)

5 10 15 20 25 )
Time(min)

Fig.1 Initial gas chromatographic scheme of KH -92 soil site(2011).

_FID1 A, (N110218\TEST0008.0)

Fig.2 Initial gas chromatographic scheme of KH -20 soil site(2011).

%1 TPH¢ g cao= 1154 £ 764 mg/kg dry soil (n=3)
3 30 4
:61. 25 Cio Cao
5 - e /_"_—'
(=" 20 /
i ‘4’ RS U U F (V.
& Time(min)

Fig5 & z24p i & £ ©* 2 KH-92&KH-20 2+ % > TPH k& ~ 17 % % (2011/2)
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AT A F S feHnk ¢ v A B fa (Pseudomonas sp. NKNUOL, Bacillus sp.
NKNUO1, Klebsiella sp. NKNUO1, Enterobacter sp. NKNUO1, % Enterobacter sp.
NKNUO02)i& 7 7 & % = 7 A m(methyl tert butyl ether, MTBE) 4 #= "% 2% 2% > #5345 2 §
4 f2 MTBE &+ Ffas H ' 2T -

B RS R E A~ & R R Rk S B T ' 2 MTBE i 64% ;
£ Ry B Az (Pentane) £ ook i ok %k 0 7 7 ok NP %Y B R
Enterobacter sp. NKNUO2 *% f2 MTBE »x & ¥ :& 29%@;‘?1& fok R R RS . B HE
- A%k &5 B2 MTBE B4 Afd o d 2 4 F ih#% % % &7 Enterobacter
sp. NKNUO2 ** 7 7 e RN 2 f BT A 2 MTBE i 56% ;5 4v » & 3 idsk P
Bacillus sp. NKNUO1 ¥ Klebsiella sp. NKNUO1 *% 2 MTBE ‘¢ % 22% » &2 3+ = 3 S 4P
2T FREFAR Y 2SR RNV REES FF fEa S 482 o 7 3 IR Enterobacter
sp. NKNUO2 i& i+ MTBE 4 f2p% » % (53 % = 7 fig(tert-butyl formate, TBF)# i+ > @ & 3%
F it 4 = % = 7 fE(tert-butyl alcohol, TBA):&m 4 = 2-Propanol £ Lactate £ :& » TCA
cycle> = = MTBE i #+i% % o 30 27 563721‘ ‘v BTEX % % 3 Enterobacter sp. NKNUO02
4 f& MTBE ¢ < BTEX #7Hr#] > @ "% j2 5 X5 5 16%- 8 @ » BTEX 7 ¢ 4% Enterobacter
sp. NKNUO02 4 i » @ F 44 fasck 2597 36% > F97F 32% > st Aadd &1
MARPTE G R > AP EETRYTADFAIR ISR T RE o

The objective of this reach was to investigate the biodegradation potential of methyl
tert-butyl ether (MTBE) by microorganisms specified (Pseudomonas sp., Bacillus sp.,
Klebsiella sp., Enterobacter sp.) at a petroleum contaminated site. It was intended to
evaluate the pure culture with the best ability of biodegradability of MTBE and to explore the
biodegradation pathway for these microorganisms.

Pentane was employed as the cometabolic chemical to enhance MTBE degradation.
However, the pure culture (Enterobacter sp. NKNUO02) illustrated the best degradation
potential of MTBE (about 29%) without adding pentane. Enterobacter sp. NKNUO2 could
degrade about 56% of MTBE without adding pentane. Bacillus sp. NKNUO1 and Klebsiella
sp. NKNUO1 could degrade about 22% of MTBE with adding pentane. Comparing with the
batch experiments, bioreactor could significantly enhance MTBE degradation. Protein spots
of interest were identified through database searching according to peptide mass fingerprints
(PMFs) obtained using matrix assisted laser desorption/ionization-time of flight mass
spectrometry (MALDI-TOF MS). Four metabolic enzymes including alcohol dehydrogenase,
phosphor- glyceromutase, transaldolase, and isocitrate dehydrogenase may be
involved. The potential products of MTBE degradation including acetic acid, 2-propenoic
acid, and 2-propanol were analyzed by gas chromatograph/mass spectrometer(GC/MS).
Enterobacter sp. NKNUO2 followed the pathway in the initial steps of MTBE degradation,
without converting MTBE to tert-butyl formate, which was directly hydrolysed to tert-butyl
alcohol, and then transformed 2-propanol and lactate to the TCA cycle (tricarboxylic acid
cycle).

Since MTBE and monoaromatics such has benzene, toluene, ethylbenzene, and xylenes
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(BTEX) can coexist in gasoline-contaminated groundwater, the MTBE-degradability of
Enterobacter sp. NKNUO2 could be reduced about 16%. However, it could also degrade
BTEX including 36% of toluene and 32% of benzene. The effectiveness of bioremediate
MTBE contaminated groundwater will serve the potential for field-scale application.
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The objective of the project was to establish a framework for the integration remediation
in a contaminated groundwater. First, the bioassay, Vibrio fischeri light inhibition test, was
used to determine the toxicity of petroleum-contaminated groundwater. The highly toxic
groundwater was treated with chemical oxidation method. In contrast, biological method was

applied for groundwater of moderate-to-low toxicity. The oxygen-releasing type for a
biological method and activated persulfate oxidation were selected to remediate a
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BTEX-contaminated groundwater. For the biological method, novel immobilized beads for
oxygen releasing were manufactured by incorporating calcium peroxide (CaO,), with
BTEX-degrading bacteria using a biodegradable material composed of polyvinyl alcohol
(PVA) and alginate. For the chemical method, two types of adsorbents (blast-furnace slag (BF
slag), blast oxygen furance slag (BOF slag)) were used to activate sodium persulfate.
Moreover, batch or column tests were conducted to investigate the amounts of beads and
concentrations of sodium persulfate and adsorbents on BTEX decomposition for biological
and chemical methods, respectively.

Both BF and BOF slags show the capability in activating sodium persulfate leading to
the biodegradation of BTEX and MTBE. The activation capability was increased with the
increase of the amount of slags. To reduce the remediation cost and lessen the Fe (l1I)
precipitation commonly occurred in the groundwater remediation site, BF and BOF slag were
predominantly selected as activated agents in replacing Fe (Il). Moreover, the MTBE
degraded by-products (TBF and TBA) were also effectively degraded under activated
conditions by BF and BOF slags.

The higher oxygen released rate was observed using PVA/alginate-based
hydrogel-encapsulated CaO2 freezing method. Oxygen was also consistently released with the
addition of buffering material (citric acid). The oxygen-releasing rates were increased with the
decrease of the volumetric ratio of binding material, which is attributed to due to the better
oxygen transfer under less amount of binding material condition.

DGGE analysis suggested that the microbial community in the PRB system acclimated
by BTEX became simplified and approached to certain particular microorganisms. Microbial
community structure changes were observed under transient shock organic loading conditions.
However, microbial community gradually recovered to its simplified structure when system
operated in normal conditions. The SEM photographs show that PVA/alginate beads were
suitable for the immobilization of microbial cells. The photograph also indicated that
microorganisms could be successfully entrapped inside the pores with homogenous
distribution in the PVVA/alginate beads.

High sensitivity of Vibrio fischeri light inhibition test as a biotoxicity indicator for BTEX
detection was observed. The relationship between BTEX concentrations and light inhibition
rates was significantly positive. The application of 1% of persufate with 1 and 5 g/L BOF
effectively reduced the toxicity of groundwater samples. However, the application of high
dose of persulfate (5%) induced the high toxicity. Both immobilized beads-BTEX degrader
column and PRB system were proved to effectively degrade the groundwater pollutants,
thereby decreasing their biotoxicity.
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Groundwater is one of the major sources for supplying daily usage water of residents.
However, the contaminants, such as Fe, Mn and heavy metals, are still a major issue in the
coming years. These pollutants are generally recognized as being released by natural soils due
to the water-rock interaction. In this study, a concept of natural tracer will be utilized to
establish the water chemical model. Some ultra-trace metal elements, such as rare earth
elements, are very suitable to be the natural tracers. The hydrochemistry of groundwater
demonstrates that the shallow groundwater is salty but arsenic and heavy metals is depleted.
On the contrary, the deep groundwater is enriched with arsenic and heavy metals. The results
of BCR (European Community Bureau of Reference) sequential extraction procedure show
that most of heavy metals are extracted from the phase of Fe-Mn oxides while Li and Th are
enriched in the phase of organic matter. Alkali and calc-alkali elements are mainly extracted
from exchangeable phase in shallow aquifer. They represent the quality of pore water. It is
worth to notice that the heavy metals of the BCR extracted solutions from sediments do not
have the corresponding distribution in spite of As. However, arsenic in deep aquifer is almost
twice the concentration in shallow aquifer. This implies that the enrichment of arsenic in
sediments is not the only factor to cause high arsenic in groundwater. Some other chemical
reactions are significantly involved in the water-rock interaction system. The results of rare
earth elements demonstrate an interesting fact that the groundwater samples with top three
arsenic concentrations do not have considerable Ce negative anomaly. On the contrary, the
groundwaters with bottom three arsenic concentrations show strong Ce negative anomaly. In
general, Ce negative anomaly is an excellent indicator of oxidation in aquatic system, which
means that the oxidation reaction is responsible to result in minimum arsenic concentration in
groundwater.
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The research aims to resample the multiple soil heavy metals at Chang-Hua County. The
sampling model that can consider multivariate, statistic distribution and spatial information is
developed. Moreover, the method is reliable for the analysis in delineating the pollution
hazard. The method is a stratified conditional Latin hypercube sampling (scLHS) that includes
the stratified sampling and grid sampling. Meanwhile, the consideration in spatial aspect for
sampling sites in conditioned Latin hypercube sampling is also unignorable.

First, sampling is applied based on sampling data or the other correlated data, so the
incorporation of spatial data, which is regarded as the spatial cLHS, might be able to drive the
data closer to their original spatial allocation. Then, the spatial distribution and uncertainty of
each technique, including original data without sampling, were evaluated by the sequential
indicator simulation (SIS). Furthermore, the spatial cLHS could better imitate the distribution
and spatial allocation of the original data.

The study considers two scenarios: with and without soil pollution data. Wherever the
soil pollution occurs, the model evaluates the variogram and the spatial distribution of soil
pollution based on the information offered. And then the model compares both the variogram
and the spatial distribution with original data. After all the local and spatial uncertainty of the
model are calculated. If there is no soil pollution at all, the model evaluates variogram and
spatial distribution of soil pollution based on other information and then compares them with
the original data.
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There are quite a few petroleum organic contaminated superfund sites in Taiwan, about
two billion dollars expenditure on the remediation while only taking into account the
expenditure from the Soil and Groundwater Pollution Remediation Fund annually. Moreover,
the whole remediation process of contaminated sites usually needs 2-6 technologies in Taiwan.
Thus, the construction costs of equipments and training costs of operators are high. A
combined method of dual-phase extraction and advanced oxidation process (AOP) is
employed in removing the petroleum organic compounds with the distinguishing features of
rapid, effective, and economic.

A contaminated site was selected as target to perform the hydrogeological survey. The
laboratory scale experimental column was developed to test the removal efficiency based on
the information of hydrogeological survey. In this investigation, the dual-phase extraction,
AOP, and ozonic water flushing were performed in series to complete the experiment.
Dual-phase extraction is the major method for pollutant extraction in the investigation.
Separate the extraction liquid into oil and water layers, and recovery the oily organic pollutant.
The extraction water was then treated with ozone and flushed through groundwater level to
improve the pollutant solubility. The ozonic water was flushing through surface soil layer to
remove the pollutant in the pore when the float oil layer inexistence. In addition, the ozonic
water can release oxygen in the soil pore to prove a good environment for the aerobic
microorganisms to decompose the pollutant.

The petroleum-contaminated soil was sampled from a selected contaminated site, and
stuff in a designed glass experimental column to simulate the pollutant behavior while
pumped the AOP treated groundwater back into the contaminated soil. The total petroleum
hydrocarbons (TPH) and benzene, toluene, ethylbenzene, and xylene (BTEX) of contaminated
had been analyzed at the end of April 2011. The analyses data indicated that the TPH is the
major pollutant in the selected contaminated site. The experimental data set indicated that
TPHd concentrations of contaminated soil had been below the pollution control standards of
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soil (1,000 mg/kg) and groundwater (10 mg/L) in a 34-day treatment. The results of the
floating oil column tests also show the combined method is an effective even at a very high
pollutant contamination.
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i 7 PEIEJFMAT« A& (1:=0.25m ~ 0.5m ~ 0.75m ~ 2 1.0m)i& = 158 :’z@ﬁi;a’é}i MLSTs »

fe= v # > & Eck sk (full screen slug test » FST) o & 5% &7 tesk-® B Fiddp 4 35 ¢h
RiVERERIPN v BRIRBREERTEOKDAS TRt RARY - R T EY &L
ipliR Bk B (I=1m) g > MLST 21 i o &7 gk chdd & FHRT » | =1m #7 @
K(z) 247 & B £ > 15=0.25m = 0.5m #7 {8 K(z)erf247 & < 40 > #7020 1€ * |;=0.5m &_
LR pdeE BOEMGL od B n B FBEE LA FRERREEL S 05m(2
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As an important factor in remediation design, aquifer heterogeneity significantly
influences groundwater flow field, the distribution of dissolved solutes, and migration of
nonaqueous phase liquids. The multilevel slug test (MLST) is a single-well technology that
employs the double-packer system for the determination of the vertical heterogeneity of
hydraulic conductivity, K(z). A three-dimensional K(x,y,z) can be obtained by conducting the
MLST in different wells at a site. Limited by the structure of the double-packer system and by
the MLST operation, the test section length Is is normally between 0.25 to 1.0 m. The test
section is a perforated pipe that connects the two packers. Both the resolution associated with
the K(z) obtained and the work load of the MLST are inversely proportional to ls. The
purposes of this project are to evaluate the influence of Is on K(z) obtained and to determine
the test section length appropriate for a balanced weight on a sufficient resolution of K(z) and
the work load of the MLST. In three wells, a total of 158 MLSTs using different |5 (0.25, 0.5,
0.75, and 1.0m) were conducted. In addition, three full screen slug tests (FSTs) were
performed in the three wells, respectively. The results show that in some small areas of little
vertical heterogeneity, the resolutions and profiles of K(z) from the four different I are about
the same, so one can choose the longest possible test section length (Is=1.0m) for the MLST.
Under different vertically heterogeneous conditions, however, Is=1.0m yields the worst
resolution for K(z), and the profiles and the resolutions of K(z) from Is =0.25 and 0.5m are
about the same, indicating 1,=0.5 m is sufficient to reflect the vertical heterogeneity. Since
aquifer heterogeneity is unknown a priori, it is suggested that I1s=0.5 m be used in the MLST
in order to reduce the work load as well as to obtain sufficient resolution for K(z). As far as

the FST is concerned, the K value obtained represents the vertically averaged hydraulic
conductivity over the full well screen, which fails to reflect the vertical heterogeneity and has
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an unclear hydrogeological meaning. Because of lacking practical usefulness of K in the
remediation design, it is suggested that the FST not be used for site investigation.
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In the restoration strategies of river and lake, besides controlling pollution sources and
building sewer system, the contaminated sediment may need dredging from the rivers or lakes.
Most of sediment dredged from contaminated rivers or lakes often contain substantial amount
of heavy metals and thus can not be disposed of on the land and in the water body without any
treatment. To date, there are relative few researches for detoxification and decontamination
processes of heavy metals in aquatic sediments in Taiwan. In future, it is important to
develop the techniques for treatment of the large quantity of dredged sediments in the
remediation of contaminated rivers or lakes. Sulfur cycle conversions do not only involve
the elemental sulfur, but also directly influence organic matter, nitrogen and heavy metal
conversions and fluxes within natural or man-made ecosystems. Therefore, one can also use
the sulfur cycle as the driving force behind some specific related environmental
biotechnological applications. Sulfur-oxidizing bacteria utilize reduced sulfur as an energy
source for chemolithotrophic growth, producing soluble metal sulfates and sulfuric acid. A
bioleaching process uses these biological oxidation processes of sulfur-oxidizing bacteria to
extract and concentrate metals from polluted soils, sediments or solid waste. The purpose of
this study was to develop a microbial process of sulfur cycle for the bioremediation of
metal-contaminated sediments. In this project, a bioleaching process for on-site remediation
of metal-contaminated sediments was studied. The results showed that the rates of pH
reduction, ORP increase, sulfate production and metal solubilization obtained in the solid-bed
bioleaching experiment with chloride salts (medium C) were higher that those with sulfate
salts (medium S). It was found that the medium C was more suitable for sulfur-oxidizing
bacteria in the solid-bed bioleaching process. On the other hand, the rate and efficiency of
metal solubilization were enhanced by increasing the flowrate of process water sprinkling into
the solid-bed bioreactor. After 40 days of reaction time, the highest efficiencies of heavy
metals leached from sediments in this solid-bed bioleaching process were 22%, 50%, 8% and
60% for Cu, Zn, Pb and Ni, respectively. Meanwhile, the treated sediment was stable and
the residual heavy metals were no longer harmful to the environment after the bioleaching
process.
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Abstract

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.

In addition, the separation processes, hydrocyclone treatment, is designed to separate
fine-grained particles by high settling velocity of particles. Combining with acid washing and
chelating agent extraction, the treatment approach might achieve particle isolation and
contaminant removal. 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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Sediments play a vital role in ecosystems. Once contaminated by persistent pollutants,
the contaminants can gain access to human, plants, and other animals. This will increase
human health risk and degradation of natural ecosystem. Taking the heavily-polluted Er-Ren
River as an example, the sources at the upstream are farming and livestock raising, while at
the downstream scrap metal burning, metal plating, acid wash, and waste oils. Historically,
the vicinity of Er-Ren River is the notorious site for scrap metal open burning. The particulate
matters in the smoke and the acid wash waste water may either deposit or settle down in the
river sediments. Among these pollutants, the concentration of polynuclear aromatic
hydrocarbons (PAHSs), polychlorinated biphenyls (PCBs), arsenic, and chromium are either
above or near to the regulated standards. The sediments in this river is in a urgent demand for
a cost-effective technology to reduce the pollutant concentrations. Here we proposed to
compare the removal of different approach, natural recovery, magnetite nanoparticle
adsorption, nanoemulsion addition for biostimulation, and integrated remediation. The
results showed that engineering intervene is better than natural recovery. The best of
engineering intervene approaches can remove PAHSs up to near 100%, PCBs at around 91.4%
and heavy metal up to 38.8% while the natural recovery can remove 99% of PAHs, 61.4% of
PCBs, and 7.2% of heavy metals. The results suggest that addition of median to low quantity
of soybean oil nanoemulsion and low quantity of magnetite nanoparticle could be a
cost-effective method for sediment remediation in Er-Ren River. This study can also elevate
the domestic technology level in sediment remediation, gain better understanding of the
scale-up remediation, and protect the health of our ecosystems and our citizens.
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At the present practice, to determine remediation strategy for a contaminated site only
considers the concentration standards and the risk acceptance along with time and cost. The
remediation strategy determined under such approach is constrained with limited evaluation
aspects and alternatives; it is questionable as to whether such decision could be in line with
the direction of sustainable development.

However, under the global trend of pursuing sustainable development, such as
Low-Carbon City and Circular Economy, the remediation of the soil and groundwater
contaminated sites should be performed with a systems approach, based on a comprehensive
sustainable site management. This systems approach placed the remediation decision within
the framework of sustainable site management; the evaluation dimensions and decision space
are therefore enlarged to identify optimal management strategies.

The evaluation aspects of the systems approach encompass a variety of impact categories,
such as global warming, regional acid rain and ecological effect, etc. In addition, the decision
framework covers the complete life cycle which includes the upstream activities supporting
remediation process, the remediation process itself, and the post-remediation operation &
maintenance. The resource inputs and discharge outputs from the entire life cycle and the
resulting primary, secondary, and tertiary environmental impacts are included in the
evaluation. Thus, it is an ample approach that has wide-range issues taken into account.

The core of this decision system is Decision Supporting System integrated by life cycle
assessment and risk assessment. Such integration is also an important international research
subject, in which the differences in terms of data type, temporal and spatial scale, applicable
levels as well as uncertainty need to be resolved.

The focus of this year research includes: the establishment of decision-making and
assessment framework, the integration of life cycle assessment and risk assessment, and
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conducting a case study to examine the practicality of the proposed approach. Base on the
accomplishment, a practical decision-making system for sustainable site management, i.e., the
green remediation, is expected to be fully developed by incorporating economic and social
dimensions.
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