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Abstract

The objectives of this study are two-fold: (1) to investigate the residual
concentrations of environmental hormones including eight phthalate esters (PAEs), 11
phthalate esters metabolites (PAEMs), nonylphenol (NP), and bisphenol A (BPA) in
sediment samples collected from the Cianjhen River; and (2) to develop an in situ
enhanced bioremediation coupled with electrokinetic process (in short, “the in situ
enhanced bio-EK remediation technology’) for the removal of environmental hormons
of concern in sediments of the Cianjhen River. To meet the first objective, four
batches of sediment have been sampled at five sampling sites along the Cianjhen River
during the low water season. Total of BPA, five PAEs and seven PAEM were detected
in the sediment samples. On the other hand, NP were below their method detection
limits (i.e., < 100 ng/L). However, the level of parts per million (mg/kg) of residual
di(2-ethylhexyl) phthalate (DEHP) was detected for sediment samples collected at
Hungmaokang-Road Bridge. The relevant highest concentration (2.944 mg/kg) is
1.49 times greater than the lower management level of the “Regulations for Systematic
Management of Quality Indices of Sediments and Their Use Restrictions” promulgated
by Taiwan EPA. To meet the second objective, five tests (including one control test)
with a remediation time of 14 d and 28 d, were carried out using the in situ enhanced
bio-EK remediation technology under an electric potential gradinet of 1.5 V/cm for
sediment samples collected at Hungmaokang-Road Bridge. During the test period,
diluted hydrogen peroxide in the neutrient matrix was injected into the anode
compartment and sediment compartment, respectively. Test results are given as
follows: (1) enhanced removal of PAEs was obtained by simply coupling EK and
intrinsic microbial because the electroosmotic flow would render the desorption of
organic pollutants from sediment particles resulting in an increased bioavailability; (2)
injection of oxidant into the sediment compartment not only would alleviate the pH
variation due to acid front and base front (maintaining at neutral pH), but would be
directly utilized as the carbon source and oxygen source for microbial growth resulting
in an enhanced degradation of organic pollutants; (3) as compared with the case of
injecting oxidant into the sediment compartment, injection of oxidant into the anode
compartment would yield a lower degree of microbial growth due to a loss of oxidant
during the transport by EK; (4) through the analysis of molecular biotechnology
(specifically, PCR-DGGE) it was found that both addition of oxidant and application
of external electric field would be beneficial to the growth of intrinsic microbial and
abundance of microflora; (5) the sequencing result showed that PAEs could be
degraded by the following four strains: Flavobacterium sp., Bacillus sp., Pseudomonas
sp., and Rhodococcus sp. It was also determined that “in situ enhanced bio-EK
remediation technology” is economically feasible because of its low operating cost of
no greater than 40 USD/ton. Based on the preliminary test results obtained, the in situ
enhanced bio-EK remediation technology appears to be promising.

Keywords: Cianjhen River, Sediment, Environmental hormone, Occurrence, Enhanced

bioremediation, Electrokinetic process, Molecular biotechnology
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AFFZ2ZPE5 = () MARP R TREARARATHEFETHE B
AR EFRPATER (FhLE) RE O FUBRBRALIEREFE T (5
FEOUMF TR EAHY I ARE R A) SR NE - HEfE
FLERBEFEFES R AH ER R 2 (2) M e AP
ﬁ%—%é?%i%ﬁi@@ﬁﬁﬁ%ﬁ&aﬂ%?@4%@ﬁ?%(ﬁﬁﬁi
CEAA Y PR EIRE A P A Rz AR R TR ALY ZRB AR
FE AT BRI S  E B AR 2 F A v 0 A b B B2 (v
T EY S AGBERR T REY BB AR R REAL AR X HE
ﬂ%%ﬁﬁ’?ﬁé%%ﬁ%gﬁﬁ%ﬂ@?%«%ﬁgm\;%o
13@%?@

1.3.1 #8F = 9 fafigsg

%%iibﬁﬁx“dmhm% RERYAE AR Y i p
2B 0 G RERHPEE ?ﬁélei‘]’ﬂ'lg A I A — P S 4 R
(Phthalate Esters, PAEs) » p* "F PR A RR S FR Y 52 0k 5% 0 PAES
FOTLRA o 2 WG A g;,g’ﬁﬁ ~ vk RE S 4 H d dp (ECB, 2003; 2004;
2000) ¥ L PAEs ¢ 35 1 38F = PR A F U Py (Butyl Benzyl Phthalate, BBP) -
WF - 7 fi- 7 fig (Di-n-Butyl Phthalate, DnBP) ~ 8% = ? f& = (2-2 A ¢ F)fq
(D1-(2-Ethylhexyl) Phthalate, DEHP) ~ #8 ¥ = ¥ f& = ¥ fj (D1methyl Phthalate,
DMP)~#8 % = ® fi = 8 I fiy (Di-iso-Nonyl Phthalate, DiNP) % #% % = 7 Bk =

fis (Di-n-Octyl Phthalate, DnOP) % 6 f o 3% 5 77 3 o7 > A8 F = ¥ Bhfiqdpv i ﬁ
GRS SR L TR 2 R S 3
BRSO s Fuie 2 A2 2 3 4 5 k5L (ATSDR, 1995; 1997, 2001, 2002)

W ApE ko RS SRR 2R AN S wwpiﬁﬁ
Fromme et al. (2002) ** 4L R % fF & F % fp+he 35 5@ VKA P ¥ AR
DEHP » # kB 5 % 0.21-8.44 mg/kg ; Wang et al. (2008) **¢ F % £ &k ¢
Ak IS FAMRF - U BRfqspc HER 9 5 76.3-450.0 mg/kg; Zeng et al. (2008) >+
B W15 e Akt D 54 16 AR - U g 2 ¢ » DEHP 2 DiBP ik
B % i 14.16 mg/kg 2 71.20 mg/kg ; Fatoki et al. (2010) % *>* @ 2L~ i -K3F AR ¢




PEFRAY ZRRFEFATARI RS LRI PR ETE B2 Y

t& 1! DEP ~ DnBP # DEHP » H k& 4 %] & 0.16-0.32 mg/kg ~ 0.19-6.50 mg/kg *
0.02-1.12 mg/kg -

FHEP R REY IR AR RE FrRER REE S %
2 (2002) 45 0 ¥ 9 iEP N enRRHE D T ABHSF S U fifidf 0 ¢ > DEHP
kR K5 0.72-26.26 mg/kg ; Huang et al. (2008) #7 7 45 &1 » % 17 i% i@ " Kk & %)

11 DEHP ~ BBzP 2 DnBP » H k& & %] 5 1.20-4.10 mg/kg ~ 0.13-0.22 mg/kg %
0.09-0.14 mg/kg ; Lin et al. (2009) *t 15 @ ;Echk % &1 DEHP » H T3k R 4 5
381 mgkg 5 FRCERIES BEF A R 4L (2011) 45015 28 33 e AR
6 ABASE - U ifigdg 0 B¢ o DEHP LR % & 221 mgkg: 1§ £48% £ (2012a;
2012b) # & kAL D 6 MBAE - 9 fefiadf> # ¢ > DnBP-DEHP £ DiNP
Tk B A b 5 0.40-1.87 mg/kg ~ 0.49-1.95 mg/kg % 0.36-1.28 mg/kg 5 1§ £ 45
(2013) ** 5 %5 AL ¢ # 2 DEHP ~ DnBP ~ DiNP 2 DiDP » H L & A u %
0.15-2.89 mg/kg~0.06-0.12 mg/kg~0.15-3 mg/kg 2 ND-0.007 mg/kg; 4 4 4 (2014)
58 FEAR Y 9 DEHP - DnBP 2 DIiNP» # kA& A 9% 0.19-1.10 mg/kg ~
0.15-0.42 mg/kg % 0.16-0.94 mg/kg -

BREY > KT M SRBEFE Y (T 8FEAY - U R AT 1148

MR TR EH  TARE B A) B3 AT 7 B S A X Dl
FrE e & 7 ERIBIP 2 Rk S F IR E m'@;}?sﬁ.ﬁi'“ v (TICATR B R &
NREI01# 17 4p sk F 2 F 5 1000116349 54 372 # T AR &4
AEEEIRE R RGP D HHEER  FWESF CREZ RGP LS
X - iﬁ"i —’11‘47”?%'1%% B¢ ARF P RefgsE 2 FPUEZ T OUE A B4
—

D(1) ¥ 9 s (2-2 e &) fy (DEHP) — 19.7 mgke 2 1.97 mg/ke ;
(2) ¥ = " pa- 7 fig (DBP) — 160 mg/kg % 22.0 mg/kg s (3) #8F - " fh- ¢
iz (DEP) — 22.0mg/kg % 126 mg/kg; % (4) #¥ = " 27 fia ¥ ¢ fia (BBP) —
300 mg/kg % 22.0 mg/kge % *¢ m?#@_)’% i rr?'fl AAER TN FRERE RE
EA102& 7 17TpEgEF Tpand & t&rﬁg’]ﬁ/? @/ﬁwg‘fﬁ'F:Fﬁ/fJ
AREF G ORMZ P T LR 1‘}“&@% T 5ﬁ},f%£ﬁﬂ’f§«? AR RE 2 KR S
1ok, ¥ x 2307 31 pankBipplasd F17 43 piME 4 -

132 1 4@

I s R e ¥ A @EPE (Nonylphenol Ethoxylates, NPEOs) & 23+ i m S
Bz R MR AL AEE A RFYREY > F 73 I AR F AR
A% 2 7 FORA G TR PR F R RIE R (S gﬂ’ﬁ»/’v\ ﬁ”"l\‘:’ éﬁf: (Nonylphenol,
NP) (Johnson et al., 2005) o -3+ F 6 F A& * 5 > 5 35% F £33tk




FoF pEgAen s

B
K,

BB B ANEETS A NP AKIRBEY 3 AR B E M BT A R
LRGP R ARKRBIR D HOER KSR 4 & (Yingetal, 2002) o NP H it 5 32
Woadb 2 A2 v p e g FAR N RREFRE GG - L g
oo T N A A IER o Fp > R EFF 2009 & 7 7 31 p oI A

SRS F - AR ESRT e oBr R AF £SR3 oI AR Y
FA R BEA HP 5 30-40% PR > 2B F 2L e SHEFH - HIYE
Ty CAEFTESASE (O 2 F 0 2002) -

d 2 NP R Lo kB R MY o sl Ae RPN b 2 p R g R

S 4 S A NP LB AT AR EF NP o3 holinetal (2004) * ¢ R 24
Aok e REI AR HIER XS 0.10-0.30 pg/L 5 Oketola et al. (2013) *+ % % 4|
?ﬁﬁﬁﬁkﬂf TI AR ER G004 2794 pg/ly LAY I ABHRIERY
0.001 pg/g-0.08 pg/g ; Stasinakis et al. (2008) **# " % /5 -K e @ Hi& /KB I &
fs 0 kR 5 230ng/L > 3Y5 R k& %) 170 pg/g (Dry Weight) 5 Loyo-Rosales et al.
(2007) * % W= f: BB T B T K AULRGE KT ¢ T AR ER G5 0.49
%m°mMaalmmn%%@%ﬂmé%mﬁf@ﬁ NI ABER Y 114
ng/g » T R B RITAE S RLRI A 157 pglg o R kR B E 228
ug/g ; Kurihara et al. (2007) R AL R AT R ARIERCHIT L R RS T AR
JE R B3 ¥ iE 20.7 pg/g (Dry Weight) 5 Fen et al. (2007) > ¢ B 3 b tap &
Bik? I AR BB kR & 354 ng/g -

HREP TR E Leeetal(2013)-#‘5.»,a (R EEE B ORESATLE
PN EER R 2k TR &R D NP ER H 0.02-3.94 ng/L > KR & Dk
B 5 6.59-47797.69 ug/g (Dry Welght) o Ding et al. (2000b) ** 1999 & 5-12 * 4-%f
CESAERP T (KRR EETE TR R BIEE LEE) G R AT
FIKHEY NP 2 &4 %9 5 0.8-2.2 ug/L ~ 1.3-1.5 pg/L ~ 0.9-1.9 pg/L ~ 0.6-1.9 pg/L
% 0.5-2.4 ug/L ¢t > Ding et al. (1998; 2000a) 7= 4-4f % i forv Bl 5L KR % i&
s EExET ’}\’ﬂ" 7 NP k&R A 5 5 3.0 ug/L 4o 0.6 pg/L > &k 7 NP k&
Pl % 18 pg/g v ND ; %4 3 B F} (Ding et al., 1999) ¥ #-¥ $&Z/id &3 F B
ﬂ@%ﬁﬁﬁﬁéﬁﬁﬁﬁﬂ’c%l%&#ﬁLT@L@ﬂmNPﬁTWﬂ
NPnEO (NP1EO-NP3EO) ik & # & > A %] % 10.0 pg/L 4= 257 pg/L o 3 & 22 % «
(2001) &4+ S840 05 K2 REEFI ABATH AT SH 4005
¥ T Tk B S 4.87 ug/L (0.89-50.0 pg/L) 0 B ¢ 5 14 g 3w L B o
Ty B % 7.54 pg/L (1.08-50.0 ng/L); ¥ 6 iEim " AR T 3ok Tk B 2.63 uele
(Dry Weight)(0.25-8.58 pg/g (Dry Weight)) - Ding et al. (1998) *t & A /5 /K ad® iy

'




DHEFPREV ZRBAFEFAFARI RS BN FFioRETRIZ2LFPY

ok P A NPEAR 5 1.6ug/Le % izwmer = ¥ %" (2004) =% 3 5% Eor 0 o
ASIELIR R (G ]\/F" SERmOE S R E S B AR /ﬁ/*)L/RmNP/}EE%
Bl 0.5-24pg/L> 27 5 F 99%:ik & ¢ AZiB g fF A7k TR 0.7 pg/L o

133 & A

fps A(Bisphenol A i fi- BPA)» * fLs A =2 - fA4 1 & 205
Wit gy 1L ky Ay~ BB B3 ~"Wﬁf% » H Ao R fafette > IR
weH % A end £ RAL (Alaee et al., 2003) o %ﬁ» AR FAET LB
i$ B L fn % "% (Polycarbonate » f§ - PC) » #& @ % v B AR crdid v &) % 1 &) >
Foag it R A AP R o %‘inﬁ—’&ﬁqw‘mﬁ? BREL G RSP R
oo e R REL o Flt 0 2 R AR F R A S HRTHE S DA S(BAe
WAL RIS BE EH > FRFEM BV RE S ARE R kda o SRED RPN R
FHRE -~ ~E)> *aApE AL (Alaceetal, 2003) ¢ T b o RS A TIRF A

R IR S - AR T A S SR AR (H&) F ORGP BLFET
fFlAe B s B R R IE  SACLRSE R 5 4 R AL R SRR A Y

S Bap B A EF P N ARE N A %"' (Darnerud et al., 2001; Knutsen
et al, 2008) - 2009 & 7 * 31 p Frcfak FF X D RELP Moo 2 s A o2
SETHFMCELRE T FAARTIINE ARG 5% 5 R AL s
ABDERHI & 30 ppb M T o FGE s FF L R ¢ (European Commission
Scientific Committee on Food) PJ#%_» 11 % & 4 (Polymer) #f§ &4 » K& & &
Bad it B (e B A7 FRQE 3 mgkg # A7 EX > £
(Tolerable Daily Intakes) % -+ = T4 € & % 50 pg (50pg/kg/day) (§ I 3 > 2002) °

d R AR LT o BPChe 3 3F S ARRE p’% ELP S R MR L
> » Kitada et al. (2008) **p A ®E F F KL ¥ ## g BPA ER X
(<1.2-22.0 pg/kg) ; > B4 T &t erk ik @ PRl m,};&; BPA » 4 (ND - 6.8
ng/kg) - Ma et al. (2006) >+ ¢ RF jF -k # 11 BPA JE & 5 4.36 ug/L > Song et al.
(2014) ¢ R 30 35 e n52 B3k 5 0 B9 BPA TI9E AR K 4.69 ngle
(Dry Weight) - Fromme et al. (2002) >t g R % = 273 6~ %k WL 2 HE X2 #
e Feipthesx g7 116 Bi& 0 7Rl BPA ER T £-KER K 0.0005-0.41
ng/L o »2ein-kik B % 0.02-0.70 pg/L » > &k & B %) 10-190 mg/kg » 14 & 375k
ORI E 0k B 5 4-1363 pg/kg dw ° Peng et al. (2007) B> ¥ Ba = ehgkin = & 2
= B AR 5 0 BPAC kB A 8] % 0.20 pg/g (Dry Weight)~0.25 pg/g (Dry Weight)
% (.32 pug/g (Dry Weight)  Selvaraj et al. (2014) ** & & & 3003 1577 "' 4 ) BPA
JE B %) ND-2.20 pg/L ©

|
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?%5@5”,\4 E&é%ﬁnAmf»n FE ., it “’"%" (2000) Jfﬂq"%;f%{'i*"?v

SFARPCGRRPE R ESHFESF A LiEi%) Tz BPA 7\,};)?.%"
Bl % <0.10-3.0 pg/L > 7 ¥ & (2003) ¥ *te3p g [TERLS S SERIN G2
A7 E£5%50.0530pug/L e Leeetal (2013) > % #r% ~ Rk~ #7L kP ~ - =
LR E P E SEER 2 KR SE D BPAER 9 0.01-44.7 pg /L 0 AR B 5P
0k B 5 0.37-4924 pg/g (Dry Weight) »

1.3.4 ik BISHIE AP~ T

SRS T 0 RIEBF A2 FEILBTAR I 0 T A 5T BEILHNE B B
e AT AR e WY LI/ F g8 2 S 4 0 @ 3% ¢ Capping ~ Containment
Barriers ~ Solidification/Stabilization # Confined Disposal Facility ; f& iﬂ" VR e
= (1) 32 /iv B 3@ > ;2 > & 3} ! Chelation ~ Oxidation ~ Dechlorination ~
Solidification/Stabilization -~ Basic Extractive Sludge - Solvent Extraction -~
Carver-Greenfield Process ~ Soil Washing %2 Containment Barriers ~ (2) # 3+ g2 >
2 » & 3% ! Bioslurry ~ Containment Land 2 Composting ~ (3) #5272 % » & 3£ ¢
Fu Bk B3] 4o ¢ Incineration ~ Pyrolysis ~ Vitrification ~ ~ ~ %) 2 #u9% s 3
()4 - Desorption and Vaporization Extraction ~ High-Temperature Thermal System -
Low-Temperature Thermal System ~ Low-Temperature Thermal Aeration ~ ~ ~ %) (Reis
et al., 2007) o ¥ ¢t > 4235 US EPA (2014) > &Kk 2 Fin > A A R¥7 A~ 5 “grid”
(Dredglng)i “ZE 3 K/T‘ ## (Non-Removal Technologies) = * #
% # (Capping)~ P:]P‘ (Containment) ~ 3 /zJ2 (Treatment in situ) % J3 B it
BRI R F I /EE Ll’* (Immoblhzatlon or Solidification/Stabilization in situ) I ** &
o TR PR & d 1 (1) BALERBFCE 1 2 B 12) ~ (2) B A HAT(E /4R
LIV 2 gy i) (3) «” B EPPT(AL R EIEF % 5 F WA L)) P F i H
WP PB4 y)~(5) 243 Fip ~ 2 (6) AR jji#(Sediment Washing) °

» .
XM e EV me i

ERORL S R An i 2C Y-SR i) FE n’}lH(r : Pazos et al. (2012)
U SR (Electrokmetlc - Fenton) s X% 74 ptd i &4 (TPH)
5§£%ﬁ4~ﬁ@%ﬁ’ﬁ@&ﬁhfWHé$ﬂ 7 90% o A%~ 4 A2 A
2.3 /ij B ¥ i 57.3% ~ 59.8% ~ 59.4%% 54.5% ; Raji’c et al. (2012)4 %] 2 @&
ARB S EA BN LE A BB L AR 2 £ 4 (P B4 KT A

¥ 1% 38%% 62% ; Brosillon et al. (2014) 1 # sk fgit "5 25 FE Xk ¢ 2. = 7 A4
(TBT) F 2 ] PFH 2 "T ¥ £ 32-37% ; Yanetal. (2012) 1% Kk ¢ 2 jic4
PRei2th sy v 2 “,ﬁ% PR A @ R E AT 7 2 2 (Phenanthrene) fr i
(Pyrene)» 31 4 % & 6|7 it 99.47£0.15%% 94.79£0.63% - Chun et al. (2013) 1
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TR VIR P A P E R ERSAE R VAR RETPRE Y L FHF
(PCBs) » # 2 FAET iZ 40-60% o Zhao et al. (2013) ™ # &2 = 8 4 “,ﬁc?)%;f» LIS
S -M¥L R3S (PCDDy) 2 5 § - W ¥ kb (PCDFs) o 314 e 7 it
98% - Wang etal. (2014) ™ 2 $ % f2 AL ¢ =< e AL ¢ 2.1 &A@ (NP)» 6 =
hEEREE T E 547% 0 F 9 X BliE 93.2% -

iR R E?«]P\ RIS RI AR i B
FoEFMALY ZREBERE T AEIS2ZRE blde Chang etal. (2012) 14 4%
FAP R L RN TR 2w LR A B Rk T E 80% M o B
P (2013) M A HrEfEKE P 2RI A 2 (SAs) BEET SN YRR
BB S 2 et B0 BB 3L PEE R R0 % T iE 90% o FIIREE (2011) 1% ik
A ERRE? BB AZ FRF %25 T B AN RASEISZ RIEE R
&5 2-50 pm zo R A BT OE R 91.3%2 66.2% 5 s F At RAsRS 2 KR 2 R
25 2-50 pm 2o KR A W] TR 2 97.7%% 81.7% - Chang et al. (2011) 1 * #c2 4
R CEREY 2R A(/”‘ el AER G 350 ug/g)c tHEE BRBLF RS X
B A ¥ %2 71.9-96.5% © ﬁﬁ%(NM)H%§¢ﬁ¥:H&mﬁﬁ%&;$
3R N RIEREEY FR TR HLREREEERY o HAF - P - 7 Ay
(Di-n-butyl Phthalate, DnBP) % Zifs%": PR (2-2 A ) fy (Di- (2-ethylhexyl)
Phthalate, DEHP) 13 fﬁ AW G 24%2 13% 0 AR AL KRR ERER Y o #
3% %0 ﬁm<ﬁiﬁ(m%)¢AImmuﬂa”@ﬁ@@ﬁerﬁm%bﬁﬁ%
53 ERATS T T R L Q009 4 e (ke 2
it }%/a SETRET S BHEEY SR Z R E) RIREY S 2 *;cﬁgﬁﬁﬁ
RoOBHREAEN T AT TR T FC TR R mﬁﬁﬁﬁi‘ R
M%,f¢%%mm9@&m%m9%ﬁﬂ*%V*¥:“ﬁ‘ﬂ%‘ "

Fax ¥ U Rz a4 o RApiE (2010) YR S E A B rgL iR Bin R %? ﬁ
ST PR AR B ERE 0 K ERER L AP 0 Bkt R kY 2 F - TR
e l‘,$90%,'1_P o

gi_Hiiv‘/gJe Baro 1A B E Mf}%,)—tt‘ﬁ? AR A B OBES 2D
1z ¥k T EFRC SARRFAZ 102 &R 2 103&5;;;*;%;%
PRt fg;%@ﬁih(w%- FoOUpEAE B AR AR
ﬁ*ﬂ:ﬁﬁﬁﬁwﬁm-ﬂ)?% B8 %5k 5 Fes04/S:08% § i A2/ 2 Ty
L1 ZE2Q2) kA ez s w oL piRibiEY L 2 ;T;T‘ EK-Fenton
like ¥ “A2 B 2. I B 5172 > A K Fae %@ LA PES @%Jii? (Lr&E3 it

% &

EUFAL) FREGERE KL P AL BT RARLFP FL 2 F0S




F-% v hgdenpa

1.3.5 7 % 4 Hjir
(1) Z#7Rix-khE

TEAZRILIEDT fRARE T F IR ARAE (blde 23E) P 5 TF
R EIR *&f’*ﬁﬁfé ’fﬁkﬁ BB (3 R
ARG PR (EtR) R FEE > F R
:&4’@ﬁﬁ%$+’ﬁf R T
P E1E SR A &ﬁ';?ﬁ‘/‘ﬁui’mﬁ} 3B éf']‘i%
7 R Bl4c® 1-1 77 (Leinzetal, 1998) & § it &
KRR b 2R st de S

BT ) B mE A
B Rlwe kiR (BiR) £
(Electroosmotic Flow) &3
FEY FAF2 Py HRE
F@@ﬁﬂ’mﬁ%?g 4

Bt : 2HO — Oxo! +4H" + 4¢

4(1 @ﬁ/_quﬂ E\‘q_‘mf\;
LS

ﬁW

B
B
#

[

ﬁiﬁ‘?‘“

480 4H,0 + 4e¢ — 2Hypy ! + 40H

w42 o H € w5484 @ 2,2 - fi4t (Acid Front) » & 2 » &
1 OH 7 #-18_¢ H 4k 4% (Base Front) 735 = o o %% 304 4 3apke 4

R BRI A R A RS R €8 RBFDDE LS
/w\%’a‘-’ DR 4107 MU IR A7 2= R R S SN ULTS SIS ST CRR

6”3* 1‘4‘- 1;*

Thd P T Aok 2 T R vl ok 2B KRR 2
P %Lifé’—’;@ﬁi%]‘* wHE O XFELAPRREF AR BB 2 E SR
BH2 I MR P EEBERTRE TR A LR E A ;;;,,tgf .
WA R 2 MTTIRIVRTIESF RE ORI F LY E D lﬁ#"—;ﬂ
(—) =& 4 @ﬁiﬂ— R e (Electroosm031s) % 18 # (Electromigration) £ 7 &
(Electrophresis) % = &1 & 2. @ﬁﬁlﬁﬁﬁh s (Z) 2R F 2% 85 & (Rahner
et al., 2002) o pt ¢t > ﬂ?* T 05 4 }E'I“’@%Jﬁ A Fr i AP B @%J.J_ TR T
FREH B ER (bldr HOy) 2 B (blde @ 7 5K 48) i » & H s o s
(bl4e 34002~ W P-RIR) #ei3 R 3BT 12§ e of



AP RIE Y 2

(2 Z7

R LR T E RE TS L Ly SN
k& F‘T—n/&&z{*&ﬂ—i??'ﬂ%

a. #ITT w2 i § F & (Yuand Neretmieks, 1997)

R H A EETHE > MITT RASTA A ﬁfw méa Bt A B b @,] L=
BEABROEMN S Fla FREFLSH %m oIV R F O EEE
(Activation Polarization) ~ &k & & i* (Concentration Polarization) % %t 4* & i*
(Ohmic Polarization) % = #é -

F 37k F &4 fcR (Yuand Neretmieks, 1997)

FEZRFDIFERPITE A FIEHNE LS EAS “ﬁ s ZoRF R
L 7 RiE > 1iEé T B H (Electromigration) =& 24 o

2 A 2 B (Reddy etal., 1997)

ERS TS S SN SRR 2 SR I SR T LA s
EE I PR LS TR S Y E LRSS S E L LR FE ST
85 ER ]‘B?}’F]E%Ef"g)]ﬁ/ﬁ;ﬁ:]}d\ v B A3 d BRI A ReAacA 4 pH

d. pH & (Lee and Yang, 2000)
FORTPRF BrL A H E OH AMA S & ¢ fopr BT
TP RE -RFREET KR FEFEORGE o
e. /344 fsgL kA (Hamed and Bhadra, 1997)

TH 4 EE TR B R R R PR S0k TR LB S B

10
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STk PR R RA A R G B RIT 1Y AT E R
1A ‘7”//] Sv) EIFIS AT o

;2:
e
*
Eif
~
=
=
in|
>
=1

f. *54c2_ 7 /% & (Hamed and Bhadra, 1997)

FIHA o A g R gt ARBE NG G4 T HERE B
B3 TR PP o

RIS ER S R HLERTAFRCFRE IHEY T2 '“?}#’
o blde  Fhge T2 AR S A2 A E s ﬁim?&%iﬂ% A
#p 7% %8 (Dense Non-Aqueous Phase Liquid, DNAPLs) % 3 24g 47 5 > 5 & ‘{
WE AR ST H R LG DNAPLs 2 #8 » 7 | H (L 5 5 s
B H e L P (Dl4e B F i E) i )L = s (Thepsithar and Roberts,
2006) -

(3) 74 KB

Nyer % 4 (1996) ¥ 43 81 T 8 4 B b RB Koot 2 F 7 5] B8k : (1)
WHWERFLIEHRE I FRBEEPIEAN TS
DT R RE T bk 2 A b ek 3 (2) BT B ASLEAY §IEE R
B o i %‘;‘ZEV E’ﬁ%&a“’ ’ fy’f;‘éb“r%‘% mﬁ“"“’ TR AP L K5 (3) T e
SE AL T AHEHPA - FRTAFE SRR FIEFELT o
(8) 754 Rz B *

RCF et R o T ORGF ALY > T8 4 E s (Electrokinetic
Remediation) $AFE_ > — fE4p 457 Taf iy (In Situ) FipH T OE BT R
Hrhh ke BiF A b U “,ﬁ(f s 22 % B (Acar and Alshawabkeh, 1993) » ¥ ¢ »
PR s (Ex Situ) B VEBEFERY o RH 2 SRS Y
RO RAFE OB AR LA BRI P T E A o
MRFAZHTEFTEFIRIEREZ P REISF I TN AEL LA
£k 23 ﬁ%‘fﬁiﬁ"—ﬁ’iﬁé e FEE AT A R EERARE R LR

SR LWLy SRR T U I P L “,f (Shapiro and Probstein, 1993;
Reddy and Chinthamreddy, 1999; Saichek and Reddy, 2005) -

tRg e 5 A I e TE 4 BT R PRI SR F15
PE A B HA R BET A L TIH] - Suer # 4 (2003) I R
EARAL LAY O MR BB LR N R
Pk o T4 B F AR BT R S, TR %Lrwtzaf“* RS
RO B RS AR B PE RS RIT AT AT TS RS S

11
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H s s HopheiE PSS 2 2% (Acar and Alshawabkeh, 1993; Li et al., 1998; & /#3R

1 % K »2003) - Lageman (1993) *t i 1% T 6 4 P2 889 ohdp ~ 45~ 45 >
VR RN !F/%%cué“/f ; @ Virkutyte % 4 (2004) BRI * T 64 M) 4 P gy
3 i Acar 2 Alshawabkeh (1993) 45 1 » T 6> 4 Pjies Wag * >t befoky 23 o°
TR AR ok 3 AR - B R dB R S 0 (i N ERY T s 4
gJAJ:/im'r,Iﬁ:;_iP#;»%‘r:’g‘H EYNEA NS \_:_;fz,-{fﬁ\*{ggiﬁ_%’
F & (Virkutyt et al., 2002; Reddy and Chinthamreddy, 1999) -

(.

Cox % % (1996) F5 4 it 4 L/ Ade+ 75 4R e 27 Hel» £ 1% T 6
3B 5 AIRAS 014 % © Thoming % 4 (2000) 7 fI* R84 i
%%ﬂﬁﬁiﬁﬁ&ﬁéﬂﬁ@ﬂﬁ@ﬁﬁ%%ﬁ&ﬁiﬁﬁﬂ@@iA(mM)
B ped R R TR EHTAF R DL oG 9T
35% ; Gallego-Blanca & % (2009) % f[* B B 7 fpcnT ds 4 2 > B # 308 517
TF T AT A ARG R R ANGER > B A S ke
Ei I g) PR S
Vb gk by - b4 Fe R T YRR 2 F7 F 0 Virkutyte and
mMmumm)¢<§¢ BT AT RHER A DR AN ARR - A
"f e ¥ iF 85% 5 Gence et al. (2009) *t % R &k &4+ EK &/ Mg~ Pb %
Cuis g e sejm RiL > H 3 f s u A 18%~12%% 20%; Lietal. (2010) %
PRSI R q—ﬁéﬁiﬁ*‘ﬁ (HPCD) ArBERES FHFEMRD
RUB K220 8 0 b e xR 8 2 & ¥ 200 7 11 5] 40%; Rajic etal.
(2010) ** % f: & f1™ EK fis Zn~Ni~Cu %2 Cd 75 4 ci@ip &k > # 4 hox
FomulE 37% ~ 15% ~ 14%% 10% ; Colacicco et al. (2010) & = | ﬂ}' | L
BERHA ZHILRRLAAIEF? PAHs 5 4 chm ik > B 3 Mf*Iﬁ iZ 84% ;
Haroun et al. (2010) ** ¥ 2% % EK EisP i@l s « SFFPFE 055K
Ko BB ARERDALFED ,ﬁ%a{-_,‘ 5 20% -

FREREPR BRI ERENTH 22380 {30064 2R NFHX
FREFRYILERE  RAEE SBFTE G LTRSS EIFF ISR
Bl bilde D ERER (1999) 8 &5 58I R 3 A Ea > SR (K12
SR FESar Rl ar) 24e N I TR LI RE CEPFF SR
i (kARG 398mgke) B 5 21 %18 4557 00% 0 F LK
A Y EILE 0 T FRAIEE B kA (15459 mgkg) BLE L A5 St o1
#ﬁﬁpzmﬁ@fﬂhk%*bﬁ@%(ém”ikqmmﬁ%ﬁ»mM)g

FME S A HR I ) F # 4 J2 -Fenton- L1t 485 3 de & PRI
%ﬁkiiﬁﬁ GRS AR R TR AR B9 A F e L2 &

‘\\




¥-F vhigAenp @

EJEN ﬁ4#é${4% F 75%r b - Wang & 4 (2010) ¥ **
TFEALER Y RIFBRE TR ZEILHTL CBR Y 147
k(% 10,000 #) - +@18@gzﬂﬁﬁﬁ§@w’iﬁi~}?%%UE%
kg R (10 mg/L) -

4 4 K ini2 (Bioremediation) Hdp v Hcd dr-iF A4 E R AT S RKS
‘Fii“ﬁ\%ii‘lﬁé’ AFE R B A LAFF R RF EfEZ £ A APEfEZ A N
1 2004) o 43 § 'F fR B AR ,4M4#,1$%P&$,+#&§;§%
g iV B R~ & (Mineta et al., 2011) > — 45 3% & 3%
F)ar ~BF AR ARIALNE S 24

\\ & Jz 5=
g dr 3

R
R P 2ZBIME o F CEoRRYRY N RSV EES iﬁ”
(Anid etal., 1993) o k¥ A jRiEA2r @ ¥ * @4 (TE ¥ T3 &2

EEFCRRFRRE AFEILEIY O AMA R A YRR (bl
s
2

s
2 A

~
e
3
_;,\v
Ti\4
=N
=
e
% <

)

: %r
S

FE) 23Nt Tk 23z KR P (Linetal, 2013) > = iBEEE_
= 2 F]F (bldcipH~DO~ § 2 BE3E) AL S oripd]» @
2ESnE FE A R i B RERRE RBRE 25 AR
ﬁ*’aﬁﬁg%#iiﬁ\%1¢£@%1ﬁi’wﬁ%%%ﬁé?@ﬁ\%
FHEd AL (v A ]
[ T A A P\?Fgﬁ»~<?1ﬁ'ﬂﬂ% P Ff%“r* =2 B R T AA Forr
¥ 4 K ,,?0;1‘4‘: R AT RGEHCE 2 Ko P25 4 4ok ﬁui (Chee, 2011) -

ERBAGEL D2V ARIL A WP oA U AR T AR AF o i
AP EFREY > T E G 5 &2 A (HRC) ks IL?B»TT'F’**(Brandt et al.,

2003)c — # i@ Z o FF A S F RO AR ¥ RRF 2P ERE- T G B ai iz
D o B BRI L A PSR REARL 2 TR TR
ToRE P2 Ao A FERAAREDF IR R 2 EL - FHEL

LR T

DM
1y
=-'§f?=
\—;
ot
[e=
TE
\v
AN
-A-
:*w
A
T_
m
“}z
‘.E‘.
R
=
duoy
SN
&
,-\

&
REA PR B RNTIR S AP E A p ok (2 F T R)

(1) 24 - & (Biochemistry) (Sturman et al., 1995)

AP EIpREFLAPEC SR BARRERT VTR BE
o BEFBEASE (B LT 25y R R e 4 R
BRARFUNASFCERAETRE CHEARAEZFE R AP R

L R A ?,—r#&;‘/z,—\,:{:—"ﬁ\ﬁ“mif fT# o
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(2) 2473 2xiE/2 ¥ * g (Bioavailability) (Semple et al., 2004).

ER NI RV ERRR: E AR e ok | S U B N SR O (=
2T ERMG ISR EET AT AR oo o 2t
p:;% %8 (Non-aqueous Phase Liquids, NAPLs) £ & 3 4 > &2 & &40 4 F

FRE Flg kA AR Ik BB B0 'LL\#V’ R i@ és
mERAFTNM  XFARCFEFERFES AR B g
”#‘L«L"*?ﬁ%%‘?a ;m%ﬁiz}i’? Ay (FAfh) & F FiE2 LA pF s R
B S LP ARG RIS DT AN o35 L AT RS-

ERRI S @%Iﬁﬁﬁi‘ BARG AT EE AL ALEREFRTEE

SHRNIEL eREAPFERIESF > REABM BT F THRBLP

AU MRGE S PR fF o
(3) # # =1 (Bioactivity) (Rey, 1998)

A LR e R e ff‘ié‘iiﬁ‘f" e Jr N HE I 0 R
G A ERT RS AR "@'Jﬁri*s%“sfi% FREF G2 RE %R
Bt & (e D B2 IR R) 7D e b &m t

g

5 A dr E R o

d 1@ S T b 4 () T RE FREF L
R KA TR E AR LF T E %] (Slmonl et al., 2001) v (2) A AL
14 4 5 »ct (Lohner et al., 2009) 5 2 (3) T e ¥ 35 44 T B2 %
%3¢ #  (Mrozik and Piotrowska-Seget., 2010) °

LORLPRA ;ﬁ»iﬁ‘;‘;?‘ R4 v A FH4 LA F RS Rk o A
BiER 3N () BRBFFAPF APl HhFRR T EEEFER
TR ﬂmﬂ‘#ﬂ» FIH M sEd A E A o REE A F'E f2 (Wick, 2009) o
e 5300 & i{:ﬁﬂ TEe A ﬂ"’@@]fﬁ“"" FREE . B@F R E ity e
NenF AT 0 BB F RS (Wick et al, 2007) 5 (2) i8¢ B Mt db 2 R~
FHZE KR Py 5 4D (Maini et al., 2000; Luo et al., 2005a) - Shi et al.
(2008a) # % 4p ’;ﬁd ARG HR I AR A e R o YT A S
WL RF 4B 2 Q) R4 v R ATTEABPRRA LS
THRERRF S F MR RBRETFE TG I A SR f2EE (Kimetal, 2010;
Lohner et al., 2011) o ¥ 4c T 33" o B %] 2. W A ¥ ',;r’?ﬁ{frf = B4 (Adenosine
Trlphosphate ATP) chz = » 2 > m@FA i o T 25 ¥ 2 F (Shi et al,
2008b) > @ B B (>40mA)T iR € & dmre LG L EEoRE o P S b Al i 0
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:z% (Luo etal., 2005D) °

Kay
I ic |
$ worganic lons Anode + — Cathode
R Representative Organic e () —

Contaminant

= Bacteria
=T Charged Colloid

Electrokinetic
Phenomena
(Abiotic)

EK-BIO
Processes

Electroosmosis

Pare Filid Bacterfa,
Contaminaniz

Electromigration

g Changed Organic
Molscules

Electrophoresis

Changed
Collolde

Haclana

W12 m 64 282 F A NRET LW (Gilletal,2014)
1.3.7 A3 4 4 ez i

WA ATT A 4 SR B &V““ﬁﬁ%ﬁm A A R
BRZ AL EEERSEENASTALL BT ARS FET ZERSRE
oo r A BN AREZIRERYE ET P L RRL BERRY
BB Ry A P > M ERRT AR SR B0 3 {ERA R R
R g B AT 4 %j;tq,h?’ Higd A7l 2 4 2 Biw i ol 0> U
YRR L AT *%4 i ? > ¥ R - B RFPRG R LT
FREEREATES > HY I%J‘épié%%ig PR - sl S o * R R PR R
FARE o T E K> L AR e FE I 16s tDNA B 7| v il 47 K47 3¢ bn 7 % 0
L ea (Fg Fik > 2010) > 4p >t SsTDNA - | = L e - @d &2 % &
oo & 23srDNA 7 = F ek AT & § S 2 B #H 2% 0 16stDNA ¥ - + 1 7 $ig
gm'ﬁ;&r‘zﬁ&; FRT G AP EAEER A DNA A F P GCag A A
TRAHSEEZFH G- CAZERNHIF LT RS mﬁiéé/mfi NP1
A R4 A5 FfREE R R DNA P Ft &7 GC 44 (GC-Clamp) °
“73] GC 2 - L& & 5 30~50bp % # G~C 7 DNA }:m@ 3| g ah -
i'r%-”ﬂ}%\;“ A1 B R4EfREE 0 @ DNA X ﬁ;».,—'_’]p PR A et MR ABfRE R 0 A

19 1 it chl dock o 16s IDNA 44173 b ka3 > SR L
&gn F J& (Polymerse Chain Reaction, PCR) & > # A4 ¢ ¢t 4r— B GC 2 4£ @ H &

2

BL

\-mk
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e o Jhd PCRALA #indFid 2 ROBH I L 5 r 8 T2 kR
PCR - fE#-R & & ¢h DNA 7 #r4F @i 3¢ > 54 » i § ¢h3l <+ (Primer) »
dNTP ~ R &% 2% (Polymerase) % F 4 > fI* B F Hend B 28 > {7 4R
45 DNA Jk B 12 2 ¢h=t & & e 4o (Saiki et al., 1988) - PCR char324p 4 ff 8 »

A 95 CT R LS AR A @ (5% DNA*E§95C%J¥;F°4§A>§¢$§H}1DNA’
RESTI 513 A E PR AT (9 54C) 2P DNA B & B3 72CT A
DNA B L3 %R &% chdNTP - - @8t 3 > {227 8- Xyl 4
B EAF N7 @5 2" % DNA (9 PCR &2 4 o

#3 PCR &2 % (& > %ﬁ d MR BT A (Denaturing Gradient Gel

Electrophoresis, DGGE) # = (Duhamel and Edwards, 2007) & {7 % ¥ 4p & 3§
(Community Finger-Printing) 4 17 » ¥ 4p ® 3% £dp - B2 & F#F¥ (Mixed Culture)
S YT AT R LA GRS o 4l & [ ch 16STDNA Y E o md hkii
303 50 B G-C¥Heanl+  APCRFITS EAFWUN K REAS LRKP Y
fgse¥ & (Polyacrylamide Gel) =hq A iE47 7 » 3% DNA B 7|7 3304 % 247
B2, § I DNA- & DNA ¥ Pt A 5] (A~T~GC) chie X #p A7 f
% ¥k A %12 (Denature) 42k 3 e > o %4242 R 4p R <5 DNA » ¥] DNA %%
BB RS P AR RSEDR Y BEDE RS €T R B KD
5B b e JMM;« B 0 Bt VRT R S ] Ap R iR %#}ﬁ’»i'
P o DNA 7 B = e 3 (Fischer and Lerman, 1979) o 7 e ek & .55 DGGE
o2 2 (4 0 R AT VRIS BRI Y 205 (Band) TRE A
1 DNA }3?5'1’%—%@’}'?&?/‘ WL P2 g S EEE LR ;QE*‘)?*,, e
AP EFEDI R - 52 0 DGGE 2 #jisv * k3R 7 BT A% -

N

‘0

Pt e &G F"',{ﬂfﬂ‘,}‘niiz B i MM Gl E L3I E2 - o H
quﬁ';.j;ﬁ ;5;3@7? ’L"‘]’TL._L’]’JEE)‘:F'& s <E‘.m ;ﬁ\rw | ’}’}ﬁ ml}’}‘rfﬁﬁf »m ¥ 3%}3[; &‘F‘—{]‘ Iﬁﬁﬁl
VR4 o @5 4 (Sung et al., 2006) °

Rt

1.3.8 27 7 B3 7 5%

AP A AEE LR (BK) Bp1Ee § 20 £55% 00 1999 & F L A
Journal of Hazardous Materials £ jtv#p 7|3 % % & 4 /2 % #f Fenton ;= £|ATH i3 "f
IEERY DR AAF o BR TR E AR EK%“_I@F%#BF&E?/;& 5ok
%2008 & 2 2009 & &4 T4 2R L A K IRBIERRE FILE 0L
A Aok d B TREEREERE SHZFP L (322 Gordon C. C.
Yang, 2008 > "Method for Treating a Body of a Polluted Porous Medium" » # &%
L1323 % US7334965B2 5L & 1§ £48 > 2009 "»* 53V 15 A B¢ 2 2 K3 pR R
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F-% v hgdenpa

Eics @ﬁ;f]izj‘." (P FAREES FP % 1316150 55) o 7| Fi7 20 & kK > x 57
TRIGEE 241" Rb 3 PRI TR LIRS Y B4t Yang &
Chen (1999) Fi#* 7 # 4 PS4 o2l <T % Fps A2 ¥ ; Yang £
Long (1999) i * 3 & 4 Fjivss & %F Fenton /% 3 ﬁ;4 Bk P D5 AP
Yang ¥ Liu (2001) 4| * & #+ 4 HjiF% & Fenton j 3 2 WY = § ¢ Yang

2 Yeh (2011) 1% % # 4 ;2 4 2% nano-Fe;O4/S:0* A2/ »x 8 f2 4 3@ = § ¢ K
2 122 F ek wwﬁfmumu)ﬁ A5k FesOu Biipii » 26 & 2 6 4

20 F F oI Fiek TR P 2 NOs ; Yang & Chang (2011) 1% 2 ¥ 5% §
iﬁﬁféifé caREkAEW 2RI A e FREE 2 R '%iﬁcjft o T
FERWAFHEILIEY 25 0 ﬁ,Yangetal (2012;2013) 1 * &+ Z & &7
L 408 % ﬂ;ﬁjg,r_ P kS Ly T AHH “ﬁ% £ 63% (1,896 mg/kg) 2z 3%
DR ¥R F ML AT 8 o BT 0 Yangetal. (2014;2015) R * 7 6 4 2 Het

nanO—F6304/SzOs FOCARE B R RE Y ZUARE Y AR SE o iTHE k> AT
TR RS RSz e B LR SR A THREY @
ﬁ;f] P E G oRE Rz F o DEF I R HA fﬁﬁ%f@i?i&*’?ﬁ AHEEY F € ¥
HH A~ = B2 (Yang and Chang, 2006; Yang et al., 2007, 2008; Yang, 2008,
2009; Yang and Wu, 2010) °

139 st 232 2 B

104 & & e %23 EJ#Z—/FT e VE T s “m4Ee” 0 A& TFiEd R
P2 PV REFADELIFTREN N EAZAR P Fad 2 iFa &7
ER7 2 "RSE FRIZFANLTH
(0% MATRS A (blde: REFE T BH2 B A BE? 2) 4R 45
Foo Fp s AT B 102 2R 103 £ R 2 104 £ B hh 2204 0 g4

\_
2|
B
R
/w
S
1,
-l
et

~mly

N
=
\

TGP R L BT RPN L BTIE B FR 2 “HeER KT
REBELFHME B RPN P "REMESAF A - BR2G RS T

b ML FBB R B2 BAREY RERE LS5 L2
MR AR B 102 & R 2 103 E R FFR A A MEERTE L T
4 %82 F B Fes04/S:0s% § AR B 2 TP BN L E 1 E Th4 B L2 e
Py FREICiEY b3 2 #7472 EK-Fenton like FOIVARR 2GR BRI 2 102 E
BEEFFORBRLEEHT BB R Y L a4 2 FesOs Rt igiR o 3 d
TIHEE A LR P\?F‘?%ﬁv} FRsA 4 2 SOs - ~OH - 2 HaSOs & 35 § i & >
TR RE S T Fafigsp U FoatEfE s PR A TR IR ME S T fafq st
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PEFRAY ZRRFEFATARI RS LRI PR ETE B2 Y

-~

LhARTERS (XM (ppt ERE%); 23 103 £ R & 234 sk S % 8T 0
W RY A Z B REE PR B P T AN %ﬁﬂ TR TR
S iR FRAEY K kAL 2 OH- 5§ (Al 7M-ARY ¥ - 7 @
fia#f 2 %4 #F 1% f2 0 £ DnBP ~ DEHP ~ DiNP 2 ACE 2 %353 g dm w5
88% ~37% ~ 28%% 100% > P> H TR 2 ¥ - " fafiqif 2 EH it & 4
R R ATEREN (pptiER F &)

w102 & B % 103&5:;%% %214 5 104 £ B 23 RER I T8
SERERE LN FELT AL IR RE T (4508 A C 7 A
B 1 EEF - P B A I AR E R A) SRR T REZT (10104
ERBZVEFAPAESRITERET T E e 102 & B2 103 £ BB Rt
FABFRE 2 2REILEE AP BT R ERPN 2R TR EE
"’F'f— ERILAZPVREBLAEICLZ AHIEY TR EEE %‘rﬁﬁ% -1
ARSI TE A 2 EE R AP TRE LR o 104 ER
BRI BA R TH 2T T EY 3L PHRT R RAY RBFE S
FRREARL AR XD RR R T TS %%m%—ﬁ&&é%i/é?%%
AR L2 S o
1.4 3% {7 Hp 42

AFET AR GEYEL VEI03EL2Y 1P 42T AKI04E 117 30p ok o

18



AP RER Sl 1R

£1-1 3 &% %7

¥-F vhgdcpam

EpE AT R A
FHET ) £97 i
LERH 328,000
o [FERFRY G 288,000
3 |(JEEBHEALLG 407,455
S L 0
Bty 22,000
2L -
PRy
& R o 104,545
o (5_‘13~x;¢1§'—77f€'m|5""ﬁ%."”1+)
&3 1,150,000
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$ Mo
ALY EDEVERREY RBRIFE Y (P45 8 fEMF - Y 11 A
AR Z U ERfasE NP T AR R A) AT R RSB R AR X RE
EFRARE > MEAERBRIFEFX PRI AW E LR B 0 LRy
TALP KLY F - P BA A A LRSS BT RABRREERE R
& Fat ) * [£30: S 7@’@" ~5‘£A1ﬁaf"' ’5‘15331\ 4 %L”’ﬁ/r/r'/fz‘ E IS I/r'/»;%
Bk 5a R REZHpe (74 a2 A3 b2 AR TRER 3 SIS L A
Te* 2 5 o#p&@mﬁﬂxwz%ﬁﬂﬁwq a4

2.1 mAE R REEED D
TALR (7B LK) 2ENIONE B G FESMT S AT 5 B RE o

= =
st 4 d FLFEZPRE P b Fe B ORI AR R P DEE TR
Mrcw g A r gap o nBRP FFIENPUIE SRR E £ B4 R

WEZ Fr o FEBHEELL 0 HFARRE & B F AU 47575 K718% -
T EBOR28.2% (B Fchok i0.1%) o A F ok 0BRSS e gon

A EE R T BRARA TR G A AR R A E R R
ITE

%“’ﬁpiﬁiﬂ P s A G BE RSB Y R R (F2-1) i
FHEE o JI* Yok #E B (Ekman Dredge) {7 £ & (0-15 cm) &k &3
-4 »%E?H?‘E’kﬁﬁ (5-107 ) Z 45 -k (112 R IEEAD ») A iR E2= > &
TE20B RE RS o BB @ % 120 mLE FANREE (4L TR YY) B
R E O TR AT D w iF T R ESTI4R PR AT o

N

= r¥E gE

(L5304

88 5 b ik 1l 2%

AER 3T

E]z-l 73‘1’14'_?-_/3 ( %L’—'/-}—) /7| %/ﬁ%%%%l“g]
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PEFRAY ZRRFEFATARI RS LRI PR ETE B2 Y

FE 2 KR ﬁﬂ«,, Seif B 7 RRAA (1 g 10 mL) > ¥ i * 42§ 4 (Sonics,
VCX 750, 750 watts, 20 kHz) %P~ ~ g B2 i 2 X g k& 4 (Eyela, MGS-2200) * €A
W ERJEARS o T OERIAE S 25% 7 FEKIA R R 25%C HoRAR TR Y T
¥ 0 oA 17 R BLC-MS/MSA & @ * £ WAgilent= @ 12907 552 42 B »%it ;% 4P
BT RZ 6430752 = £ ¢ B 1t T &R (BRLrfiEas ) » BT RA
#HP R * £ FAgilent> 7 4 3¢ ¥ 41 (Eclipse-plus-C18, 2.1 mm ID x 100 mm,
1.8 pm) % Phenomenex 2> & 4 &t ¥ 4 (Gemini-C18, 2.00 mm ID x 100 mm, 3
pm)

AT I LC-MS/MSHBIZFB A FIE P E = 285 (1) V&2
HixHd > 42  BF - 9@ é%"—' fig (Butyl Benzyl Phthalate, BBP) ~ #8 ¥ =
" B = 7 fig (Di-n-Butyl Phthalate, DnBP) ~ #8 % = ? pi = £ % iy (Di-iso-Decyl
Phthalate, DiDP) ~ &8 ¥ = ¥ p& = (2-2 £ ¢ A )fg (Di-(2-Ethylhexyl) Phthalate,
DEHP) « 8 ¥ = ¢ /2 = 2 ﬁ% (Diethyl Phthalate, DEP) ~ #8 ¥ = ¥ g - 7 #j
(Dimethyl Phthalate, DMP)~ #i8 ¥ = ¥ fc = £ I fig (Di- 1s0-Nonyl Phthalate, D1NP)
A F - " Be - @& ¥ fig (Di-n-Octyl Phthalate, DnOP) ~ #8 ¥ = B2 ¥ & 7 fig
(Mono-n-Butyl Phthalate, MnBP)~ #%8 % = ® fe 8 ¥ ¥ [y (Mono—Benzyl Phthalate,
MBZP) ~ ¥ - " gk 8 (3-#Z 75 £ ) By (Mono-(3-Carboxypropyl) Phthalate,
MCPP) ~ #8F = " pc 8 (5-# fL-2-2 ~ A) Ay (Mono-(5-Carboxy-2-Ethylpentyl)
Phthalate, MECPP) ~ #% ¥ - ¢ p H (2- ¢z A 5-#= ¢ X)) Py
(Mono-(2-Ethyl-5-Hydroxyhexyl) Phthalate, MEHHP) ~ #8 ¥ = ® g H (2-2 A2 )
fiz (Mono-(2-Ethylhexyl) Phthalate, MEHP) ~ #8 % = © gt ¥ (2-2 A-5-582 J) f
(Mono-(2-Ethyl-5-Oxohexyl) Phthalate, MEOHP) ~ #% ¥ - ¥ p ¥ ¢ A [y
(Mono—Ethyl Phthalate, MEP) ~ 48 ¥ = " ¢ 8 7 i fiz (Mono-Methyl phthalate,
MMP) ~ #8F = * gk B £ I fiy (Mono-iso-Nonyl Phthalate, MiNP) ~ zi8% =  f ¥
¥ fn  (Mono-Octyl Phthalate, MOP) % 194 1 & # ; (2) H#p~A (Bisphenol A,
BPA); 2 (3) I & p= (Nonyl Phenol, NP) -

22 EF el

AR 7 A & 4 4 Pardieck et al. (1992) %2 £ Rk % ¥ 2 B § b
(EPA/600/2-90/006) “#% % 2 6§ & E& » €4 FEREF L 4l il
ER AW G Bk G AFT2.0.000 M2 0.01 MiEF 1t & > 3 SRR T i
FULITERHRW A EERDF L 2P BRI RE RS R
WILB AR N A P RN E A TR E 2 BN ke
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2.3 PRk

P D N RRI0RRER AL (RAAR) REKE 24 mLizd
FIBSFAL R T Z 2484 w85 P) ¢ > T4~ 10mL2 335 R o S s 4 B4 »
0.01 M% 0.001 MiE ¥ i & >t F R¥LY > 30200 rpm S Hcif 27 > i V12 R R
# ® (SK-6, Shin Kwang Machinery, Taiwan) & § 4= 14% > &= p; 74 0.01 M (A
&) iOOOlM(B 0) W E RS RERAYF F o BRI R A 2 R R
ARty A Renen (Cl)r Hpefls S 2Bejpin  ERL S KEH LY E
BOGERIRERYARHRLEY L3 22 PFEREREOGT LS L0k o T K
- R (st)’~ﬁ°$iié 2 AP0 FER AL (e RE) fRFEE24mL
B ABREA CHREEFZBLHRY) P o T 210 mLy £ 8 > il 4~
0.0 Mi§ i &3 F u#g? » 0200 rpm & B & T » e 12 %R T B (SK-6,
Shin Kwang Machinery, Taiwan) & 4= 14% > & & p 7 #00.01 MiE % i* 3 > 3%

—

ey 2 el R D G o B IER E R B CE 2 Y § B R
A2 E R o PR EG]E FEIERL £ 2-10

£2-1 P BBl A 5 - i
2wl FRFEFER (d) i)

A 14 (1) 10 g & ik # &
(2) 10 mL DI Water
(3) # Pt 20l iBF & B R
B 14 (1)10 g & ik # &
(2) 10 mL DI Water
3) = p 7 ‘v 200 uL EF & AR
C 14 (1) IOgF&ifu ¥
(2) 10 mL % % @
(3) p /f]‘ﬁ 200 pL : EE b3 ﬁ%‘f?/%n
D 14 (1) 10gﬁ°‘%lf§/ﬁﬁr% (% &2 ¥)
(2) 10mL ¥ % @
(3) & /,I 4\". 200 ]JL ﬁ% v 4 ﬁ?‘%/p it
L (1) AFEPREIT2015E27 3 HEp BT B LIERE 2L B EAR
Q) D n i * 2 Bk & 5 S B EAR AR 5 A FEE ¢ 7 4 DnBP - DiDP~DnOP~ 1 s (NP) %
BpsABPA) (kA& % 5500 ng/kg) 2 Ak k& fe fLE AL I pE S iR IR B B
(3) ¥ %@ % 7 3 KoHPO4~ KHoPO4 ~ Nap;HPO, + 12H,0 ~ NH4Cl ~ CaCl, ~ CaCly ~ MgSOy4 « 7TH,0 % FeCls
6H,Oz_ 8 &3 7% -
(4) #F & ZmE IR AF201MHO0;
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BEFPRE?P ZERBFEFAFALE RP RN 2P ERRS 22y

24 i hAiiE R

ISR SR R h kSN A R A R S ER
2AREA KRR BEEE A X PEKE ik Mo L F B2 A MR-
= P Fefadf 2 Pyrex# B BHREEF 4 S HBERY CBEEGE ALF R
BT A BAcB2-2%977 c 2 B2 RiFF BRBRE A3 HREF R
ENQQ\ﬁ“%Sébﬁﬁﬁ;uﬁwﬂﬁ@T:1Qﬁ)m%ﬁﬁﬁig
AR R T R T 2 LI B g (0.6 pm3t L) IF G
AR IRCEAPEE2N A EF Z TRM T A RIS A R B T0.62 4 2 4%

—+ e

oo R

3

>
= R

3
5o
L

fek
Jn

R

i

_,,,
e

Fhr w
2 M
Wj’iéﬁ‘.él-

EAEREES

C;H;NaOg

K,HPO, AL
)

EANFL

i# FAb BIENTL

RS
T

=]

KT
)

RREEE

=T | B Fa 4B i 2 A
G %K) G )

W22 9% 3% *F‘uﬁf%”r;f? & PR kBT R

THF i TS - R ENTRERERE S EVEERHT
2ot te TR R (15Viem) 2 5 ETEEFRBFREFALRAZEISER Tk
Wi imEr Lk = p A ii el Rl REREF BT HEZ
KEERA om REFE RE AR 'UAI%\ Tl RS L am 4EP KRR REE TGRSR
PR AT R ML P2 R R B A R T 7 R A P2 R R RS
EiFREKR HAAET AT 54033977 ) F 2% P 1020 FHRP A
FpEEREEREERLFRRTAOFEOEF CIETRBLIRERR ’%ﬁ“’r}
%ﬁ*ﬁwﬁﬁﬁﬁi%%ﬁﬁiﬂﬁﬁ%ﬁﬂ%i#m e LR E AR
BRES  Hiiwm$dks iE 240k 2297 o

A
7_




2.5 Fiprse ARG

AT RN R GREDPY R (L FIERR Y ZFBE AP R
B2 AT PR 2 F ko DALV o mHFF AR (])
it i e L m*?ﬁﬁs? L& > ¥ Av\‘aﬁl%‘ﬁ“é TR R IFEE A e AR IPEE‘?%%“
dF A2 20H 5% A7 RARPARDFT LAY (BF - 7 BRigsg 2 B55)
SRR Q) BB 6 BHESFFR HH G4 T H (1.5Viem) B3R
AR nd g (3) THRIELE G 2 BT R R R Y RDis A2 2
o (4) ATEE CRISE L TEE o BRI 2 R F B E SABIL AT T RF
’fq—m/"i g2 2 f g (S METEA FREFR 4 B R NE A Kf °
oA (104) ERZ AT E? Pran P HRE 2 ITEE S I 04 RS
iﬁ%@?®*m@ﬁ%ﬁﬁ%#§m’fﬁﬁﬁﬂ(552@””W~%(D
RN R B A TREN BT M AL L F F o ERs
B0 (2) MRFEEE A F AL BT AT HRKE BT (1.5 Viem) i
BB AP ERBRBEFE 52552 VA F 2 2% (T5 Bk e L
PG 2 FRE S (3) I TiREIEE O KRR FIFL4E R k4R OTiE S a1
gk VIR G o B REpHE TR HIRE et v S 2 B8 > BB Aot A
ip2 T (4) HRE RSB R F BE LT 0 B AP @A
Z A RFEF AR I F o T E M RERLpHEZ g1 5 (5) &
ER B4 F P > A RS ML s T2 B ML s i o
oo R R FAME > NEFEDT L2 f& iR AV RS L P

Z_ D{T]ﬁé (6) %’\ }'\ > P’%’}éﬁ /]Q E ;JE‘Q-/] '4[’ i f&h"/‘j “Q s 14 ‘}"—g\“lf %/ﬁleE‘ % ]L ’ &%*IFL
B Hch 2 b B

26 m4EP (7 B LE) BioEskt KL A NFEL AT
PR RERY 2R RS G AR R 5522747 (7 4
;.,J,) hie S BBy RIS E o pHE R AR
W

’Fﬁ"}’ﬁ/? FBR s EARRITEZRBARE FRE > TR gl
/&EZ"

T 20 A7 4
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PHEPRE? ZEBFEFAFAR I RS RN AFERETRA 2 2E]

%22 Ry e i AP RILR TS B T FE- 4

pu F RPER (d) R s CRI A % R AL ENN NG
1 14 & 4P K 4P K
o) 14 F (1) =47k & p 7 ‘e2 mLg ¥ H| (1) = 4=k
(2) &p ’T 4r 10 mL 0.03 M (2) & p 4 10mL0.1M
K2HPO4 C2H3NaO2 % 73 7%
3 14 P (1) =47k RLE g S
(2) % piFt 2ml B A
4 28 4 ($158) (1) v dgie ok # 4 ok
2 =p /?]‘ﬁ 2mL # ¥ &
528 P o(R1sp) () »égiek spgpaomigya (D FEPE
(2) %P+ 10mL0.03M (2) 4 P4 10mLO.1M
K2HPO4 C2H3NaO2 % 73 7%

i (l) SR B AEY LR BN 0 R PR S LS Viem o
() BiBZ EEH T4 5450
3B) ThEE ﬁﬁ%l A # F 5 720 Watts ©
(4) 2mLfFF #5224 45 AF201MHO0; -
(5) {é 552{' _;,_ﬁ? ,:1 2 "ﬁ KzHPO4 N KH2P04 N NazHPO4 * 12H20 > NH4C1 N CaClz N MgSO4 . 7H205 FeC13 * 6H20—L s @ /7’;‘ /& °
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FoF M

\s

2.7 ® & J}i/ﬁﬁ‘g/éﬁé"% EL %‘ f e pH RS 7]:?1 5 4‘*”’ /}E}i*ﬁ/ﬂ

ABERR Y RAFEF GLIRNE AP AERBEA AR RS D) P g
ﬁ$’@%%g@bﬁwgw}aaf@ﬁﬁﬁ?%ﬁﬁaﬁﬂ@ﬁﬁ&@ﬁ&
B %5%&%@5?'] s TR R BN S A uIERIEE RE R v BRI E A
R L REERLESE TR RS RS hﬂgkﬁﬁﬂ ﬁ%%&;:@
F et RikpHiEZ 2% > 1 & SR IFTFRE FEFRE KR T2 2 T2 ER
e (pH®) Bl %22 — 3 4% (NIEA S410.62C) ;5 2 (b) & J& 4 /% i PAEs#A

4_.

it

?k&?ﬂ#’¢$$%6ﬁ&% EERBRGTL 2 T A RE KA
BplE 5 — £ 82 (NIEA S280.62C) ~ 423 s 82 (NIEA M167.01C)

5 r/E” &z (NIEAMIS3.0IC) i mm ad2ts » A3 W2 P LA FF E
REP R FHREIURAEITZ L P e T H R (Agilent 1290
HPLC/6430 Triple Quadrupole Mass Spectrometry-ESI) i& {7 &% ¢ DnBP ~ DiDP ~
DEHP ~ DiNP% DnOP 7 & 4 #7 °
2.8 B & ;}iﬁtrﬁf,r. R (8 ]}‘]#p A
%§$$%ﬁi&%ﬁ%£ﬁ%ﬁ%@%%ﬁﬁ@i%%%é%%ﬁi&
EIR NS - R %gé BF A ST RIE P 2 pﬂ;}p% v RB-R R R SR
TDNAZ B~ > 552 DNAR S-SR &2 @24 ¥ & (Polymerse Chain Reaction,
PCR) #-R 45DNAK B M 26N=0 & 2 #ch 4e > 18 F|PCRA = 15 » v 1440 B 48
% 7% (Denaturing Gradient Gel Electrophoresis, DGGE) #jt¥:i& {7 & 7 (Duhamel
and Edwards, 2007) % *%# 3y % 3# (Community Finger-Printing) 4 17 e
29 E & PFIEEILEAR L IR % F P
%P2 2E (a) A BEERpHEZ R > L & 2R ARMARER K
EFRERETOL 2 Tk ST kRdEk pHE) #1222 — TRz (NIEA
W42452A)Ja(b) E’}‘ 7‘&2 ne /u E’ '%“IL ’ I%’%ﬁk] JE%OlmL-LEﬁ»I%’E_F
EETRENRTEZHMBAER o) I = T AF P TFERIEFISEADT

LT esk2 o

Rt FRSPEF 2P TR/ EERFENGE TS AT UK R
?i%ig/ﬁ/fixk%/rfﬁ@%“ 4 ]‘i”1 EY %.? EREFRERE BE R "ﬁ E—?\’}‘EFT@
S g R TIEIR RS BREN ke 2T
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PEHPREY ZRBEFEFAFRAZ RS LBILFFoRETHIZ2LFY

BRE AR BRYRF 5 p AR TMMAL T RER o RRE pHE > B
fAR Gk 2 pH E %1 2 -
293 THBKIRE T IRE s

FsiEAer > 5 p 2 RT A TR o RS R Va2
g Tﬁ*’]&ﬁﬁfﬁé’ ﬁr/r" %
2m;%,#§5ﬁ44%5@%%%

AT R PR RS fﬂé S U S RPES l@ﬁﬂg (L % v &
STAA) NI et b A fRRBFFE 55 A dp b F R -
2.11 &’fié#izﬁi'a f%ﬁ,gﬁf;’

PHRERSE AFIRFERSERE Y 2 BE § (L0 EF L a A2

“m“ﬁ*#ﬁm& R AR R T L R TSR TR B

N S LR S R ER NS ST ST EN SR T X
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F2R BREHB

$z2F R%a#B

AR ERR ARG RSB (0 0E) AR Y ST
PR CH c I AR E BB ATLN L 4 B EHEES R EE ~ RIE
AAETA -85 CEFRREE S TE S Bk S BE FAAT o T RIS
B HEA SR BRI

3.1 w457 (z B L% RiFS4AH A

AEFTONFHF AR > N EREP (2015817 8p 247 27p) 2 ¥k (2015
703p 290 16p) AT MR FRREE FESF BB KK T L2 T RIE
$$E 2 (NIEASI0431B) ) # & Lk — % L3058 (i) ~ ¥af2 «o
SRR TR IS A5 R E T ES BB (R FI2-1) 2 AR
S B E200 KRR HR S o

AT A ‘Q”i,éi ##F ® (Ekman Dredge) & {7 £ & Rl th &3k > & 12
¥ 120mL B FANRRE (A RY) B REAEE X R 4T Rk
wﬁf’ﬁf*14%wﬁm&ﬁ Rk ff i AL D & SR (7S PIR A L R
BBtk L2 T2 RE-kA BRI TS 2 — €82 (NIEAS280.620) -
Az A 3 P2 (NIEAMI167.01C) ; 2 T wfx i 2 (NIEAM183.01C)J TR
S RIE 0 LG R F k% (Eyela, MGS-2200) ~ w3 2 2R 0 &l 0 AR
u“?ﬁﬁﬁﬁaw#”aﬁiuﬂﬁ%ﬁ_,gﬁwﬁﬁ@%%(%mm
1290 HPLC/6430 Triple Quadrupole Mass Spectrometry-ESI) &7 &k ¢ 8 f&48F
- VAR LA E - PR S T AR B A Z 241 GReikdy
AL M- )

FARF KL RS ST EET (R 43-1) %47 (2 B LiE) RiEP T
NERA-SEARF - " B2 TR F - " RGPy EF 2P H %1
AALEFFR G LIEREE DL B AR RS HDEHPA é{’;ik)i (2.944
mg/kg) Z 3T &K el Ap iRl SRR I A S T ORUE (1.97 mg/kg) 2
1491 > e A £ D] F I LE (197mg/kg)’ " 434 F ¥k 2 DEHP-L 39k B (756
ug/kg) ~AgiTmg/kglk B (ppmik B) F ik o ek s EERM IR 'é; LR e
L4 =2 DINPA FER F 1piT2 8% (2 2§ DEHP) > # ¢ » yoigifz
DiNP-E 32k & & mg/kgik & & 5 (T 32k & 1,024 pg/ke) > 7 40 A7 3 45 1) » DINP
2 DEHP 2z ]“i_%"fk? Foa AP UL 0 Tk AR A RNy Tt o iR G % 12 B~ (X DEHP
(Koch et al., 2007) - DiNPE& A 5| » 5 §]742 2 v » L HRF2ZAFTERTE

(E BN
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DEPRAP ZRBFEFAFARI RS BN L PR ERHA 227

0B LRI 2 AR R R R LRI AT E 2 T s
ER G BT AR RS R RAR IS D EREY AT AT R R
zﬁ'ﬁx-i?%fgf‘ P IR P EE R LR 2 L g - R AR 5k
BRI A A R R o R LR I 2 A TR AR iR N2 AR Pl g

a - .

@*kg?%%R“f@%%ﬁﬁﬁéﬁrwag,fﬁ;:

e A B 2 A TR R S 5 B B pg/kgik A LT

%53-1 anlﬁﬁ—/a (5 % \—-l/-&-) }%/ﬁ ¢ }z]:rs -9 ﬁ’iﬁ"l‘*‘ﬁ -‘”‘: 2] ﬁ/;m]zkl‘rﬂ‘}j’*;' . %;;
A2 I AR TERDARS

FER TR (ng/kg)
A ¥ ik BAR R JEL LR R AT S8 U
ExIA H
i (hgkg)  KLB30B  kiE EBBIE BEBIE TG
(n=4) (n=4) (n=4) (n=4) (n=4)

Hap Ay ~ A A ~ g #AC R 7 /or {2 B %9
Bisphenol A (BPA) I ND 2(25) ND 1 (50) ND
A= PN
Di-n-butyl phthalate (DnBP) 19 (75) 12 (75) 11 (75) ND 2(25)

Di-iso-decyl phthalate (DiDP)

Di- (2-ethylhexyl) phthalate (DEHP)
Di-iso-nonyl phthalate (DiNP)

Di- |1-0ctyl phthdlatc (DnOP)

32(100)  28(100)  43(100)  37(100) 49 (100)
406 (100)  437(100) 756 (100)  74(75)  61(75)
580 (100) 1024 (100) 831 (100) 158 (100) 240 (100)
43(100)  63(100)  77(75) 18(75)  15(75)

Moo bulylphthalale (MnBP) 68 (25) 44(25)  35(25) 40 (25) ND

1
Monobenzyl phthalate (MBZP) | 2(25) 2(50) 2(25) 1 (25) ND
Mono(2-ethylhexyl) phthalate (MEHP) 1 4(25) 10 (50) 3(25) ND ND
Monoethyl phthalate (MEP) | 5(50) 3(25) 6 (50) 4 (50) 4(25)
Monomethy! phthalate (MMP) 2 11(25) 37(75) 15 (50) 6(75) 10 (25)
Mono-iso-nonyl phthalate (MiNP) 1 38(50) 22 (50) 10 (25) 12 (50) ND
Monoocty! phthalate (MOP) 1 2 (50) 5(50) 3 (50) 1 (50) 3(50)

(D) RRARSLIRERFM A 201541 H88 ~4H278 ~THA3BAR9A168 - "n" Atk SIRE RS -
(2) 3B AT Bt £"(%)" -
(3) ND % "Not Detected” » F 7wt i i 7 ik € EARIR - BP" At "
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R BRI R k2 R R R (R £3-2) ket i 1 & B fEag
B ok 5o 2P B LRt ¥k 2 DIDP ~ DEHP ~ DINPZ DnOP2_
AUER QL k# 288633 ek THERIE RN - BB LS
SRR Bl ARE L - BERG v maR BRI SRR Ak
iz t‘é:’ KPP RBFEFLR » 504D A 52 TEER I RFT AR
BrEfEr BT hAr o R IR PFERLIPE MR RS FE R
EB 2 U e - B B IREE 0 G R AT R 2P 0 R LR IR 2 A
TRR L2 NRRIG T35

u\\ m\ﬁ

%32 F4Ep (7B Lik) KRR OECE Y RRAq SR MRE C U R s A B
Aﬁ{%%ﬁ?%&*%*ﬂiﬁ*#iw@
JERTRE (ngke)
x ik H AR R JR L A ST
B
WA R (ngkg)  WAM  RAM RAKM AN
(n =06) (n =6) (n=4) (n =4)
Bmpheno] A (BPA} | - 1 ND 1 (34) ND 1(25)
K= PR
Di-n-butyl phthalate (DnBP) 11(51) 17 (100) ND 2 (25)

Di-iso-decyl phthalate (DiDP)

Di- (2-ethylhexyl) phthalate (DEHP)
Di-iso-nonyl phthalate (DiNP)
Di-n- octy] phthalatc {DnOP)

62 (100) 7 (100) 48 (100)  38(100)
1043 (100) 32 (100) 104 (100) 32 (50)
1198 (100) 437 (100) 193 (100) 206 (100)
99 (100) 24 (85) 25 (100) 7(50)

Mono n- bulyl phlhalale (MnBP)

1 ND 98 (51) ND 40 (25)
Monobenzyl phthalate (MBZP) 1 ND 4 (68) ND 1(25)
Mono(2-ethylhexyl) phthalate (MEHP) 1 ND 11 (68) ND ND
Monoethyl phthalate (MEP) 1 ND 9 (85) ND 7(75)
Monomethyl phthalate (MMP) 2 1(17) 41 (85) 2(25) 14 (75)
Mono-iso-nonyl phthalate (MiNP) 1 ND 47 (85) ND 12 (50)
Monooctyl phthalate (MOP) 1 ND 7 (100) ND 4(100)

0 (1) RRMESDBIRESFR A C 201541888 44278 ~TA3BRIA168 » "n"Bik ik E R -
(2) 4550 P9 Al FoT Bt %"(%)" ©
(3)ND#"Not Detected" » # g d i &I ik & SRR > BP" R k" -
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32 Fipwsk AR KiRE B A MEF A 4T

AT R R 2 RIS R2015#2 3p B p mdie (7 %)
L BRI (RBEFIZALES 2L BKRAMH2L AL DEHPZ 243 ) H# §
SR L3 5 B34 KRS (FDnBP ~ DIDP ~ DnOP ~ 3 A fs 2 A (kR
#3500 pg/kg) ke (F2E R A% %% Ak L Aps 2 #FSAY DnBP-DIiDP
% DnOP#A @’,f;e}ianxé) FEFRAAET AT A7 540433 (R4n kiR #%
&) B A3A GRS E) A RERESPHE (THR2) ks g R (EE2) ¢

E(LRF)AHF (ERF)RLATF (HA ) RETE (R e 2
W TR (i ’s%;z) SR AP P H> I * LC-MS/MS A 17 97 & 2. 4
FoOUREMgME o ARF Y BN AB I AR BERALR 0} ITA T RS
Eal Y Al ST LR NS ;i

£33 WP (P RLE) REAMET A4 RS

R R NER

pH & 7.50

S 26.4%

g 1.23

U 37%

A
<0.002 mm 0.23%
0.002-0.05 mm 0.03%
0.05-2 mm 99.74%

B #j + (Sand)

PR E 2.18%

BFE 1.53x107 CFU/g

FWPATRR
DnBP 7 & 2 ng/kg
DiDP 7 # 45 ng/kg
DEHP 3 € 523 ng/kg
DiNP 7 & 496 pg/kg
DnOP 7 & 43 ng/kg

AR ARS 2015 E 20 3 p AR p L BEAR
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434 Fhkie (3 00k) RFARETANES (UG

{2 e iR B
pH & 6.84
o re: 26.4%
o 1.23
L 37%
fe gz T
<0.002 mm 0.23%
0.002-0.05 mm 0.03%
0.05-2 mm 99.74%
(S #j+ (Sand)
P E 2.18%
ENCTE S <1 CFU/g
FBrATER
DnBP 7 & 508 pg/kg
DiDP 7z & 501 pg/kg
DEHP 7 & 521 pg/kg
DiNP % # 494 pg/kg
DnOP 7 & 506 ng/kg
NP z & 499 ug/kg
BPA 5 # 494 ng/kg

In
~

R

L RACR G P 2015 £ 2 0 3 P B G i £ B EAAf o 87 7Hif ¢ DBP ~ DiDP »
DnOP ~ 2 #f5 (NP) % ffs A (BPA) (R A % 5 500 pgkg) 2 Ak & -
fe fli £ o PR A s F
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PEFRAY ZRRFEFATARI RS LRI PR ETE B2 Y

33U F & BRI A 2 P

[Z]

P FEHRTHEF LI RRERE A PSRRI Ak L BT
B4 3-1 2B 344577 0 d B 3-1(A &) 2B 32BE)FUFR EG
Az b A PrEfEonsk o "THF CEERERE AN FB 14 2180 24
o Bl 2 70-100 %2 83-100% o 1 i B g2 C i (] 3-3) 7 i dw e e
YRR L H L RS A8 0 F B 14 % 22 %005 5 89-100% ¢
d D (Bl34)(* 22 PF2Z¥HpER) ¥ 1115'4??;’]54\:"3 =% (7 001 M:iE¥ v
§) 0F i 14 % (52 AReis B0 B0 L 20-94% 0~ DnBP it 4% 2
15 g0 B R L 0% -

:\v:t
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Residual PAEs conc. in sediment (ug/kg)

Residual PAEs conc. in sediment (pg/kg)

kv
In
Sy
i

600
Enhanced bioremediation of PAEs-contaminated sediment in the reaction vessel for 14d
Addition of 10 g sediment and 10 mL DT water to the reaction vessel
Daily addition of 0.001 M H,0, to the reaction vessel
00
400
300
200
100
k
=y — - A
0 3 [ 9 12 15
Time (d)
Bl3-1 = p /,T 400.001 MiF 3 it 3 ¥HEa5 A 9 2 " fE e d (Ae
600 " — " " - .
Enhuanced bioremedintion of PAEs-conlaminated sediment in the reaction vessel lor 14 d
Addition of 10 g sediment and 10 mL DI water to the reaction vessel
Dhaily addition ol (.01 M 11,0, (o the reaciion vessel
500
- DnlP
a00 | —-A-DIDP
-4-DIIIP
—a—DiNDP
—&—DnO1’
Joo |
200 F
100 ¢
Ly — + "
0 3 6 9 12 15
Time (d)

BI3-2 % P 73 :0.01 Mi§ & $Hkenis A4 2 % ok (Bi

pid
-l

-gg
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600

Enhanced bioremediation of PAEs-contaminated sediment in the reaction vessel for 14 d
Addition of 10 g sediment and 10 mL nutrients to the reaction vessel
Daily addition of 0.1 M 110, (o the reaction vessel

= 500

<

2

=

z 400

E

=

2

E

g 2S00

)

&

]

=

Z 200

=

=

=

S

2 100

. Mmf &

Time (d)

BI3-3 e d £R2 5 P F 001 MiB§ 1 & $HiFenis Ldr 2 73 farch

600
. Remediation of PAEs, BPA and NP-contaminated sediment in the reaction vessel for 14 d
% Addition of 10 g sediment and 10 mL nutrients to the reaction vessel
o Daily addition of 0.01 M H,O, to the reaction vesscl
LY & DnEP A DIDP 4 DEAP —& DINP
S . —DnOP ——RPA —<NP
£
=
o
“@ 400
k=i
]
=
)
=]
& 300
z
=
=
=
S
™) 200
v
Z
o
g 100
=]
‘@
W
=1

0
0 3 1] 9 12 15

Time (d)

®3-4 e YAR®E AP 7 #:0.01 MiE ¥ it & ${R5 L4 2 " jErc %k
(D
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LR R

N

BI3-55 # A RHREAAL KFFTHEEF o BV 0FRAHEF LA
to g I RBCH A Pyt ehd £ FPt o RREEIRP IR E 0 F
i@m BAEBIRR L L o FEFH05%  RFFETEF PTRRZAFEIFRD
”l fvd F R (REME =) DA LEFASBC2 Rk BETE K
1,1287><103 CFU/g~7.43x10° CFU/g% 2.24x10* CFU/g» > F & % 4= ’;,J 4+:0.01
MiE§ & % Be) 2 %8 (7000 Miks 3) =% (Ck)>
FpiE £ 3R 400.001 MiEF Y4 2 %] (Ak)e & 28> F %6
SHRIRFAZETEF L RARF AR IR NFRD (5
@;ﬂ?)gjé%&i#aiw°

g

15

Enhanced bioremediation of PAEs-contaminated sediment in the reaction vessel for 14 d

A & B: Addition of 10 g sediment and 10 mL. DI water to the reaction vessel

A: Daily addition of 0.01 M H,0, to the reaction vessel

12 | Bz Daily addition of 0.001 M H,(), to the reaction vessel

C: Addition of 10 g sediment and 10 ml. nutrients to the reaction vessel, daily addittion of
0.01 M H,0, to the reaction vessel

Total bacterial count in sediment
log (CFU/g)
/ »
>~

Time (d)

FI13-5 3= ;2o B 472 4, 3 7% B 1 ]

d SRR W BB BT LR A KRBT UL S A 2
Eoit- HRJFENFT L2 2 ﬁ; rek s s T Ee Pg\g@f’auh] beifE b &
BERBLREBZRLPBER WL EA ~2#7\1§%J'1ﬁrslﬁ,£~ﬁ' 2 g Al
2 3%l 0 OB Hed PR RIS A 20k o

%
!\“
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34 R4 R
3401 $1eF 4 5%

AR e u RN R RER R e BALE (5 k) Bk
(pHE 57.65 T & 5079 mS/em) > THHFTE* &£ &2 F > THHELTR (1.5

V/Cm) = ;\ 5 4y o

WRAEAFEI4P 0 ARk BERpHEZ 1 AT RS E
2T F s RILpHEZ A F 2 F st RiFHRF = 7 fefiasf (PAEs) AT kA
AP % A T
(1) 14 ~ Hia i pHiE 2 % i

RIGER3-65 %8 30 Td 4 FIELP 10 15 B iR RpHE A B % 5

11.9% 2,12 > »*1-14p ¥ > et i 2 pHiE R SR - 2 48% (149 # > pH

B 51242) 0 A BiEf R pHEE MER T F48% (14p 14 > pHE 5 1.48) -

14

12 /r &
B EK remediation of PAEs-contaminated sediment for 14 d
/ Anolyte: Cianjhen River water

Catholyte: Cianjhen River water -+ Anolyte

8 : LClectrodes: Titanium

S R e |

—
=
T~

Constant voltage: 48 V (i.e., 1.5 Viem) & (atholyte
\ Initial river water pH: 7.65

Electrode reservoir pH

*‘——0——0\‘._—4__. o o o &

0 L 1 1 1 1 1 1 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 0 11 12 13 14

Elapsed time (d)

W3-6 4r36 st 2 4 BUSPAESS 4w 4iie (7 h Loik) AR % 2w
($P8 ) — 15 ~ BB R pHE 2 % 1t
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Q) AATHSEERL R

=
W\m

?éi*‘%?@ﬁ" @ Bl %R A0l mLZ B E FRET
CHRBEITE RS GBS F AP AR T AL

7%1661mL°

200

= o =
S o o

[l
=

o
=

Cumulative EO flow quantity (mL)
2 -

EK remediation of PAEs-contaminated sediment for 14 d
Anolyte: Cianjhen River water

Catholyte: Cianjhen River water

Electrodes: Titanium 4
Constant voltage: 48 V (i.¢,, 1.5 V/em)

Elapsed time (d)

FE BREHEB

W3-7 4cvip st 4 5 BSPAESS w4807 (7 B JLi%) Kk #F%eY]
(HR2)—RARTBE L2 g1

(3) F s kil pH B2 2 %

PR R3-8 % AT > ST B4 FRL4D |

v H Rk p

$
BRI R ILMRIT e 2 pHE (pH=5.40) $ 9% 5 7 % 2

4

4 2 pH

Sediment pH

B 3-8 ‘¢ 5

(¥ P&

=

& (pH=10.95) BF & 5+ 2 2 4%

| Catholyte: Cianjhen River water

| Initial sediment pH: 7.50

EK remediation of PAEs-contaminated sediment for 14d
Anolyte: Cianjhen River water

Electrodes: Titanium
Constant voltage: 48 V (i.e., 1.5 Viem)

033 0.66 1.00
Normalized distance from anode reservoir

“%ﬂ&ﬁiﬁ
W @ ARITIE

i 34 de BOAPAESS A0 AR (3 B LoE) AR R ]

w)— F {4 A FpHEZ A #
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ZHREFEFAFRAZIRP 4RI FFRETHS 2

¥

4) FRisRikF PAES®R T ERZ 2%

40

W H s

3—E‘ -H} g—\‘:i\‘.}

RE YHIRECER S = R SRR AV N
DEHP -~ DiNP % DnOP#; § & & 2./~ F 4B i113°
v ¥ (1.5 V/em) iF 7 > DnBP ~ DiDP ~ DEHP ~ DiNP %2 DnOP
7. T 3a3 fﬂ ks 5 68% ~ 42% ~ 15% ~20%% 22% » H 3%
PERERIE A PRELETRS L)

TH 4 Rk E 2 4R e o

Residual PAEs conc. in sediment (ng/kg)

1200

1000

800

600

400

200

BI3-9 4edg st 2 P o

H & ;& ¢ DnBP ~ DiDP -~
A KRz R e

T w3 Tﬁﬁ#‘]'ﬁ &

CH R BiFLHE

7

EK remediation of PAEs-contaminated sediment for 14 d
Anolyte: Cianjhen River water
Catholyte: Cianjhen River water

I Electrodes: Titanium

Constant voltage: 48 V (i.e., 1.5 Vicm)
DnBP concentration before remediation: 2 pg/kg

L DiDP concentration before remediation: 45 ng/kg

DEHP concentration before remediation: 523 pg/kg
DiNP concentration before remediation: 496 png/kg
DnOP concentration before remediation: 43 pg/kg

E DnBP
= DiDP
DEHP
= DiNP
DnOP

0.66

Normalized distance from anode reservoir

($P8 ) — F Jsts A % PAESA § 2 2 A

PAEsis 4w 4857 (7 B k) Rk R ewl
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342 % 223 &4 FEk

Apgh e u BRI BRI R AR (FhLE) BB P K
(PHE 3 7.65 ~ # T & 3079 mS/em) » ¥ ¢b > 5o Rth iR 2 AR R 5 p A4 Bij
410 mL 0.03 M Bifk & = 49 2 10 mL 0.1 MA e dp 3 673 7 » 4 £ 0 iRt IR
A depH = 7.31% ¥ 7 A 51.70 mS/em > I£1&H k4~ 4opH = 4.76% £ T & 52.36
mS/cm > X3 KGR F R E L~ 3L A w1~ 0.67 mL %’%ﬁﬁ E-Y %710.01 M:E §
T TEHTEY £ 2% THFHETTR (1.5Viem) » 58354 o

THE4 F 14D 18 ’Aa\wqfa}*e: B gpHEZ R s AR FE AT L
Bl S F RS ARFpHEZ A # 2 F {5 &k PAEsH éri}é)idfwz.s;;% R
(1) & ~ B i&il ipHiz 2z %

FYRBI3-108 %87 > T84 7 B1p &0 15~ BENRpHEA 4 % &

11.08%2 2.05 » > 1-14p ¥ - d& i 2 pHE R * £ R E R F 2484 (147

(s pHIE 5 12.55) 0 @ ity k2 pHES & ™ % 2 48% (14p {4 > pHiE 3

1.44) -

14

EK remediation of PALEs-contaminated sediment for 14 d
Anolyte (Cianjhen River walter based): Daily injection of 10 mL 0.03 M K,HPO,
Catholyte (Cianjhen River water based): Daily injection ol 10 mL 0.1 M

sodium acetate buller solution
Sediment compartment: Daily injection of 0.67 mL nutrients and 0.01 M 1,0,
Electrodes: Titanium -¢-Anolyte
Constant voltage: 48 V (i.e., 1.5 V/em) ;
Initial river water pH: 7.65 & Catholyte

Electrode reservoir pH

Elapsed time (d)

®I3-10 o5z 38 4 «Jr”’fmeAESﬁ 4‘ ED J)E"/a (Z. ’,E}' L /—r—) J i pé%? ] )
V'\ N F%’}%—iﬁ/ﬂpHE 4 % it
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42

BB > @ B2 A 0 mLZ B E FRAT RSN E
HER  RBEE3-1S 557 G064 F RI4p 52 BH T RS0
109.9 mL -

200

= o e
e o O

b3
=

60

40

Cumulative EO flow quantity (mL)
=
L]

20

EK remediation of PAEs-contaminated sediment for 14 d
Anolyte (Cianjhen River water based): Daily injection of 10 mL 0.03 M K,HPO,
Catholyte (Cianjhen River water based): Daily injection of 10 mL 0.1 M

Sediment compartment:
| Electrodes: Titanium
Constant voltage: 48 V (i.e.,

sodium acetate buffer solution

Daily injection of 0.67 mL nutrients and 0.01 M H,0,

1.5 Viem)

BI3-11 v 9 3¢




Fo2 RRas

(3) F Mis A&k pH 2 A #

WG B3-128 %87 S84 F Bl4p 18> B &L pHIE X DI fast % dk
BB FIRATHE RS2 pHE (pH=5.76) 7 v 5 T 2R % > @ MiTHE
fBrhz pHiE (pH = 9.81) R vk 5+ 22 % o R% e B2 H iR R % 4
i e~ B % YRR E Z 4R PR S BT R > IR PR AP R F
E A~ > FFR T RERTE S F RS2 RApHER® - Flut > Bk eyl
(R13-8) Apfe™ » H KFpHE R L ] > F B K EpHT 21 5 7.53 > 4p iy
ks 2_pHE (pH =7.50) -

14
EK remediation of PAEs-contaminated sediment for 14 d
Anolyte (Cianjhen River water based): Daily injection of 10 mL 0.03 M K,ITPO,
12 | Catholyte (Cianjhen River water based): Daily injection of 10 mL 1.1 M
sodium acetate buffer solution
Sediment compartment: Daily injection of 0.67 mL nutrients and 0.01 M 11,0,
10 | Electrodes: Titanium
Constant voltage: 48 V (i.e.. 1.5 V/cm)
== Initial sediment pH: 7.50
=5 g |
=
)
E
= 6
-7
7]
4 |
2 |
0

0.33 0.66 1.00
Normalized distance from anede reservoir

BI3-12 4cig s\ 4 F B SPAESS w0 4P (3 B %) Rk #ES% w2
—F is RIFpHEZ & F
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PEPRA? LBRRFEFATALI RS LR A FRARETHI B m

¥

4) FRisRikF PAES®R T ERZ 2%

RYEB3-138 %87 » 534 FRl4p t5 > 2 &k ¢ DnBP ~ DiDP
DEHP - DiNPZ DnOP# § k& % 7 T ' 2 48% » AR FGERSFTH) 5 4
BRITIE 1R Jf@-:% » A& ¥ Jk B #2714 > DnBP ~ DiDP ~ DEHP - DiNP% DnOPz_ *
324 g 5 u 5 100% ~ T7% ~ 37% ~ 33%% 41% ©

1200
EK remediation of PAEs-contaminated sediment for 14 d
o Anolyte (Cianjhen River water based): Daily injection of 10 mL 0.03 M K;HPO,
= Catho]yte (Cianjhen River water based): Daily injection of 10 mL 0.1 M
g 1000 sodium acetate buffer solution
~— Sediment compartment: Daily injection of 0.67 mL nutrients and 0.01 M H,0, EDnBP
et . .
= Electrodes: Titanium .
E gpp L Constant voltage: 48 V (i.e., 1.5 V/em) =DiDP
= DnBP concentration before remediation: 2 pg/kg DEHP
2 DiDP concentration before remediation: 45 pgkg
g 1 concentra IF)I'I C C:T'L remec hll I(?Tl, - !J.&.' E D DINP
= DEHP concentration before remediation: 523 pg/kg
*=. 600 DiNP concentration before remediation: 496 pg/kg & DnOP
= DnOP concentration before remediation: 43 pg/kg
3
=400
-
=™
=
S 200
[~
0

0.33 0.66 1.00
Normalized distance from anode reservoir

BI3-13 4csp % 2 BAPAESS 4 5 4m (5 ) Lik) Rk 5% 252
—F Jis RIFPAESR FER 2 A F
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343 % 3 27 B4 FE%

AR B A B BRI Ry nar (7 k) FELF K
(PHIE 5 7.65 T & 5079 mS/om) » ¥ b > St B A& % P i 42 mLrt§ % B
= AE2001MiEs 3 ”J“ﬁ o B RAepH=7.122 %% & 5 1 mS/em »
THEEFEY & THHRILLE (1.5 V/em) = 4554 o

Thd R 14 (50 A K S BRI RPHEZ R ~ AT AE T2

R0 F (s RFPHEZ A # 2 5 Jois AR PAESA § k& 2 A0 M 2 &% & i de
(1) F& ~ B4R apHE2 %

PR3- 1458 %57 T84 5 R1P 15 BEERpHE A B % 5

11.8% 2.03 > *+1-14p ¥ ’fk’f@;’f%/p’i leE'ézlL _‘:J'.Iﬁaiﬁl 1 '_[:*\%lb (14]:_] ‘5

pHiE 5 12.55) > @ Hfatt ik 2 pHEE W ™ % = 484 (14p 14 > pHE 5 1.44) -

14

Lol *W

EK remediation of PAEs-contaminated sediment for 14 d

= 10 t Anolyte (Cianghen River water based): Daily injection of 2 mL nutrients and
= 0.01 M H,0,
‘s Catholyte: Cianjhen River water .
t g L Electrodes: Titanium ~+-Anolyte
2 Constant voltage: 48 V (i.e., 1.5 Viem) - Catholyte
bt Initial river water pH: 7.65
==
= 6
@
: \
g
4T
2 L
LA G S G S S S S ¢
0

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Elapsed time (d)

FI3-14 4058 55 4 3 ACIAPAESS 47 4ip (5 ] Li%) A K E% o w3
V\ N F%*&ﬁ/]QPHE 4 v% it
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DR FEF AR N E RI4P 82 R L fR T EF IR 5693 mL o i At

RLEARY R B ARSI ML R R T B SR

£
c PREW3-155% % kT 0 KT 64 F I Bied 2 RGN
p

»
ﬁ-‘i
by
Jrh
fon
A
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)

% 2 J BIAR] 5 TR ARG T A 2 R E A ﬂprE#B #0154 % 2 pH
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| Anolyte (Cianjhen River water based): Daily injection of 2 mL nutrients and 0.01 M H,0,

| Electrodes: Titanium

EK remediation of PAEs-contaminated sediment for 14 d
Catholyte: Cianjhen River water

Constant voltage: 48 V (i.e., 1.5 V/cm)

Elapsed time (d)
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(3) F Mis A&k pH 2 A #

PRy B3-165% %87 5564 F pl4p t5 0 8 &K pHEHTH R4
LIERARS BRTERB ] S ha P TR P T ml 42 1§ HpHiE
#é@%ﬁﬁ& ’5$§@£%’%ﬂj%ﬁ%~ & (pH=5.62) F v

SR M h 0 @ AT RS2 pHE (pH=11.30) Pl A% + 22 % o

14

EK remediation of PAEs-contaminated sediment for 14 d

Anolyte (Cianjhen River water based): Daily injection of 2 mL nutrients and 0.01 M H,0,
12 L Catholyte: Cianjhen River water
Electrodes: Titanium

Constant voltage: 48 V (i.e., 1.5 V/cm)
10 t Initial sediment pH: 7.50
8 -
6
4
2
0
1.00

0.66
Normalized distance from anode reservoir

Sediment pH

— K Z@fpl%;ﬁleg_.Ll}#
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(4) F Bts ki PAEs R TR 2 A F

Ry BI3-17% %87 > 534 & jl4p {5 » 2 &K & ¢ DnBP ~ DiDP -
DEHP - DiNP2 DnOP# § k& F = % 2 48% - HAFRA A F1H35 §
ASTH B 0 2 ¥ k& § > DnBP ~ DiDP ~ DEHP ~ DiNP# DnOP2 T 353
S 8] 5 100% ~ T6% ~ 24% ~ 27%% 27% > B3 vk Fwk A B2 ek %
(L ®3-13)

1200

EK remediation of PAEs-contaminated sediment for 14 d

Anolyte (Cianjhen River water based): Daily injection of 2 mL nutrients and 0.01 M H,0,
Catholyte: Cianjhen River water

1000 FElectrodes: Titanium

e
e
X
~ Constant voltage: 48 V (i.e., 1.5 V/em) EDnBP
= DnBP concentration before remediation: 2 pg/kg 2 DiDP
@ 1 . o at1 - » remediats . ! 1
£ oo LPiDP concentration before remediation: 45 pg/kg
= DEHP concentration before remediation: 523 pg/kg DEHP
@ DINP conccntrati‘(m before rcnwdiatipn: 496 png/kg 5 DINP
= DnOP concentration before remediation: 43 pug/kg
: 600 + & DnOP
=
=4
o
o
ﬁ 400 -
A N
A Y
=
S 200 |
‘@
-5
~
0

0.66
Normalized distance from anode reservoir

BI3-17 4csa 3N 2 $ BSPAEsS 40 407 (7 ) Li%) RE 3R 263
— F RiERFPAESR T ER 2 AT
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344 % 423 %4 FEk

AR L E BRI R AR R R Y BALR (7 Lik) %%%i:a "'«

(pH /J- ;

FAF200IMBF & il
THEHFET £ 45 THE T

it o AT G
Borlge 2 PR BRI R -

R4 F 28R 150 A IRl s Bl RpHE L R 1

1Y F RS REpHE 2
(1) 1& ~ B et RpHE 2 % 1
*ﬂilj%»g]:g 18""-‘%?;’7 s TT’f,%J };,}T%IB ‘5

7.65 ¥ TR 5079 mS/em) » ¥ b SRR P42 mL g
Bt i dopH=7.172 ¥ T B
TR (1.5 Viem) = ;%3540 > ¥ 305 15p &7
LT RER S N s BRI TR PR

A~ B e iRpHE A %

AR A

fﬁ 8 /%\’fz s
Qﬁiﬁﬁé&ﬁPMhﬁgkﬁawﬁﬁ%ﬁihﬂ:

a1 mS/cm J
=h
L=

ik

7
-~

v

I

11.922 1.89>*+1-14p F > K~k 2pHE L REMH + 2 48F (149 15 »

pHIE A 8] 5 12.6% 1.36) 3" % 15p B 4018 (7 T im0 30 i 3
PRI B R RpHE R LR 2l %1 > 223p 6 aiFfE

2 pHE A %] 5 12.16% 123 -

14

2 mL nutrients and 0.01 M H,0,
Catholyte: Cianjhen River water
Electrodes: Titanium

Electrode polarity reversed on Day 15
Constant voltage: 48 V (i.c., 1.5 V/em)
Initial river water pH: 7.65

Electrode reservoir pH

EK remediation of PAEs-contaminated sediment for 28 d
Anolyte (Cianjhen River water based): Daily injection of

Electro polarity reversal
- Anolyte
&-Catholyte
<-Anolyte (after)
{FCatholyte (after)

01 2345678 910111213141516171819202122232425262728
Elapsed time (d)

®3-18 “4cap it 4 gerAESﬁ 4‘ ED Jf"ﬁ—/a (Z. ’,E}' L /—r—) J i pé%? B %4

Fé N F%’]‘é’}%/]ileE 7 ‘%IL‘

fs 2.16-22
HFR28p 18
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Cumulative EO flow quantity (mL)

HREEALY 0 % B0l 2R 500 mLz g3 2
FER - FERB-198 % Kr > GRF4 F RSP BAA L TREE NS
Boa R Rllp o AEHGHARRS DI FIS) AT IEEALEHE S T
% iR R AR R b0 0 28P 52 BAET BB RE 5396 mL e i X K
/%1 52 RBB TR 2 RF4ER G F%Jf@.a‘% rif e B E A HpHiE 4p

SRR R 2 pHiE (pH=2.03) & » i & % @rmzfu%a CRETRTE i
m%@%mwwiﬁ*’ﬁﬂﬁwﬂﬁf:ﬁﬁﬁﬁﬁ%’%@hiﬁi
# > HpHiE x;gzgwwapwmg/.z (16 5 1BR) > Tt o B4tk
ZpHE (LB3-18) 2 £ B R » @ R 3E gi‘zﬁc °

\“‘\ﬂ
)
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o
=%
S
(Sh
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500

EK remediation of PAEs-contaminated sediment for 28 d

450 Anolyte (Cianjhen River water based): Daily injection of 2 mL nutrients and 0.01 M H,0,
| Catholyte: Cianjhen River water

Electrodes: Titanium

.
o
S

| Electrode polarity reversed on Day 15 o
Constant voltage: 48 V (i.e., 1.5 V/icm) ¢ /
350 ¢ o
7
300 7
e

(]
=
=
T
\

1 1 1 1 Il 1 1 1 1 1 1

0123456728 910111213141516171819202122232425262728
Elapsed time (d)
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(3) F Mis A&k pH 2 A #

PRI BI3-208 % BT 0 SR F 4 F 28 15 0 B KK pHIEMRITHE fReg ek
LIEARLE > Fi etz o TRBT BB 2ZpHE (pH =
9.26) vk & A2 % o @ HRITA dea R 2 pHiE (pH = 7.13) X k4
Mg H P A o F {8 AR T ¥pHE 2 7.83 0 ApiutE o 2 pHiE (pH =
7.50) c 2 %3 REH%EFICRT M EF o TiRiEEERE G YRS REpHE
ZoR0 o PR RO AR EER R TG B AR R g 2
Ao % ez R A pHE (pH=7.13) ¢

14
EK remediation of PAEs-contaminated sediment for 28 d
Anolyte (Cianjhen River water based): Daily injection of 2 mL nutrients and 0.01 M 11,0+
12 | Catholyte: Cianjhen River water
Electrodes: Titanium
Electrode polarity reversed on Day 13
10 | Constant voltage: 48 V (1.c., 1.5 V/em)
Initial sediment pH: 7.50
i)
= 8
=
= 6
a
W
4
2
0

0.33 0.66 1.00
Normalized distance from anoede reservoir

B13-20 4c55 N 4 4 £ APAEsS A diie (5 Lok) AR RS e w4
—F Rt RApHE 2 A
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52

Residual PAEs conc. in sediment (ug/kg)

RYEB3-21 8 %87 » S F#4 F R28p t5 > H K& ¢ DnBP ~ DiDP
DEHP - DiNPZ DnOP# § k& % 7 T ' 2 48% » AR FGERSFTH) 5 4
HiTA 4 HE HB 0 2% § kA § % DnBP ~ DiDP ~ DEHP ~ DiNP# DnOP2 T
24 v b ,1100%\79%\ 59% ~ 57%% 63% » ¥ § 3’0 ;E 5k 1L i > H PAEs
23 EF T HA0-36% 0 T F A R TR F R REER 2 G
th AR Fd T @,ﬂzﬂ] ERE AL T REFRAE

SRR ,f’-" & e

1200

EK remediation of PAEs-contaminated sediment for 28 d

Anolyte (Cianjhen River water based): Daily injection of 2 mL nutrients and 0.01 M H,0,
Catholyte: Cianjhen River water

1000 [ Electrodes: Titanium

Electrode polarity reversed on Day 15 EDnBP
Constant voltage: 48 V (i.e,, 1.5 V/cm) .

gpp L PnBP concentration before remediation: 2 ng/kg = DiDP
DiDP concentration before remediation: 45 pg/kg DEHP
DEHP concentration before remediation: 523 pg/kg 5 DINP
DiNP concentration before remediation: 496 pg/kg

600 FDnOP concentration before remediation: 43 pg/kg B DnOP

400 r

200

0.33 0.66
Normalized distance from anode reservoir

FI3-21 4c5i % 4 3 fAPAESS 20 4ie (5§ Lik) AR Es% o4
— F it AEPAESR LR 2 A F
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345 % SR ¢4 FEk

e E R AR R Y SR (F L) HE2PK
(PHE 5 7.65 ~ HT & 5079 mSlem) » ¥ » StHE4Rdh % X 1A 4B 25 p A W0
410 mL 0.03 M #ifit & = 47 2 10 mL 0.1 M5 fedp 5% 03 i - it s BB R
A hepH = 7.25%2 3 B 5 1.70 mS/cm > Ed&H k47 4opH = 4702 H T & 52.36
mS/em > ¥ 3R REE E A IS A~ 0.67mL Y A B L AT2001 MiEF
P TEMTEY LR THETERE (15 Viem) = 564 0 2R 15p i
AR > AT WA TR S S s R R R PR AT
B R e 2 Fe s B R R AL o

TEed FR28p 18 Rt Bt RpHEZ £t~ AT FE NN T2

Bl s F RS RFpHEZ & F 2 F {8 Kk PAEs# ér;};)iaifp&g,%% A e
(1) & ~ B i&i ipHiz 2z %

FRR3-22% % Hm o NEERR L R TS F BLP 1
B4R A e pH @ 4 %] 5 68722260 & b & 520 B4n % AL TABE > +02-14
PR -BEfrLpHE R REMHR T 2 A8% (14p & > pHEA 5] 5 12.56
2 141) 3 H15p Bt 7R BRI B2 gt s 8
IHI6P B4pt BERN 1L s BARN R A B230 2200 B4R AR T
HF R8P (52 pHig A ] 5 12.44% 127

EK remediation of PAEs-contaminated sediment for 28 d
Anolyte (Cianjhen River water based): Daily injection of
10 mL 0.03 M K HPO,

Electro polarity reversal

8 Catholyte (('i.‘mjh_cn River water based): _])m]_\' injection of +Ano|ylc
10 mL 0.1 M sodium acetate buffer solution #-Catholyte
4 Electrodes: Titanium -atholyte
Electrode 1k\hr|t\ reversed un Day 15 =o=-Anolyte (after)
6 Constant voltage: 48 V{ie, 1.5 5 Viem) -, 2
{+Catholyte (after)
Initial river water pH: 7.63

Electrode reservoir pH

012345678 910111213141516171819202122232425262728
Elapsed time (d)
W13-22 4c i 8 4 4 £SPAEsi T 445 (7 Lik) AR 25k 2 w5
— &~ BB R pH B2 % 1t
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éﬁl‘fﬁ@ﬁ_" i B % R :3;»0.1 ml2 B E FEFT RS2

450
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o

S
T

)

Cumulative EO flow quantity (mL)
@ o
L= (]
N

- {295 13- 194 % 417 B4 F R2P 1 BaA L LA

mE RSP e BT B i‘i“ e > % 15P iR > FE
19\,,

B 52102 mL o Al iRz FEHEE R T > B IE - iRk 2 pH

BRELRLSfo @ r|T 3B e 242 0 @ 7 kR TIEBIE

Ly J%‘\?u’!‘fi % > RTBEIILE D EIFERB e K R28P 82 R A TR

EK remediation of PAEs-contaminated sediment for 28 d

Anolyte (Cianjhen River water based): Daily injection of 10 mL 0.03 M K,HPO,
| Catholyte (Cianjhen River water based): Daily injection of 10 mL 0.1 M

sodium acetate buffer solution

| Electrodes: Titanium

Electrode polarity reversed on Day 15

| Constant voltage: 48 V (i.e., 1.5 V/em)

0

1 1 1 1 1 1 Il 1 1 1 1 1 1

1 2345678 910111213141516171819202122232425262728
Elapsed time (d)

BI3-23 4ras 4 3 B APABSs 234557 (5 ) Lik) AR % 265
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(3) F Mis A&k pH 2 A #

IR BI3-24% % 87 SR d 4 F B28p 15> B KR pHIEMITIS Rk
LIEARLE > Fi etz o TRBT BB 2ZpHE (pH =
8.80) 7w & Hz2Z Mm% o @ MRiTA SR 2 pHiE (pH = 7.30) X éc& ¥
M PR F Jts RGE T iopH®E 5 7.87 0 At F w2 pHE (pH =
7.50) o 1§ iR (TR T L E S Eﬁgf@wﬁ;#'ﬁ BAA R KR pHE
gt R4 EE R UEIR O By B ud RIEF RE 2L
MIVE o~ o g A REpHE (%42 REpHEA %] 5926~ 7.10%
7135 %5%&2 KiFpHiE A & 5 8.80 ~ 7.50% 7.30) -

14 EK remediation of PAEs-contaminated sediment for 28 d
Anolyte (Cianjhen River water based): Daily injection of 10 mL 0.03 M K,HPO,
Catholyte (Cianjhen River water based): Daily injection of 10 mL 0.1 M
12 r sodium acctate buffer solution
Electrodes: Titanium
Electrode polarity reversed on Day 15
10+ Constant voltage: 48 V (i, 1.5 Viem)
- Initial sediment pH: 7.50
= s
=
<
g
2 6
[
wn
4
2
0

0.33 0.66 1.00
Normalized distance from anode reservoir

m3 24 4 5;; A 4 *’?{/rPAESﬁ—%LH"fP—/a (z» r&}' ‘—L’/ ) }%/ﬁ‘ Fé‘%glg V”'J
— kK Z@fé}%;ﬁ-leg_.L/}‘#F
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¥

4) FRisRikF PAES®R T ERZ 2%

RIpB3-25% %81 > KSR d 4 F B28p 1 » # K& ¢ DnBP ~ DiDP -
DEHP ~ DiNP% DnOP# ' Jk & & 7 & "% 2 48%" a;; TOERE TN E
DnBP » DiDP ~ DEHP » DiNP 2 DnOP2 & 53 t 4 %] 5 100% ~ 86% ~ 56%
62%% 61% > & 5 2% > H PAEsz 4 % T gV i@ﬁ ©0-29% > Ha

RRE R B G IR R Ry AP )@iﬂwbﬂ% L&
Wb frd A & oA RAARDE 22 "fﬁi#’ °

1200
EK remediation of PAEs-contaminated sediment for 28 d
oD Anolyte (Cianjhen River water based): Daily injection of 10 mL 0.03 M K,HPO,
== (dtho yte (Cianjhen River water based): Daily injection of 10 mL 0.1 M
%’i 1000 sodium acetate buffer solution
- Electrodes: Titanium ® DnBP
= Electrode polarity reversed on Day 15 .
5 - : b T m DiDP
£ gop | Constant voltage: 48 V (i, 1.5 V/iem)
= DnBP concentration before remediation: 2 pg/kg DEHP
@ DIPP concentration bchre I'Cl'l'lﬁdli_lil(‘)l'li 45 pngkg o1 DiNP
= DEHP concentration before remediation: 523 pg/kg
" 600 }DiNP concentration before remediation: 496 pg/kg DnOP
3 . o
= DnOP concentration before remediation: 43 pg/kg
3
L]
h{’l 400
=9
E
= 200
‘@
U
=4
0

0.66 1.00
Normalized distance from anode reservoir

E]3-25 4 gé 4 #gerAESﬁ -711' 'i" J’Lﬁ‘/a (Z. ’,E',' L /—r—) }%/ﬁ p-é‘%; ’E' V‘"J
—F R8s RIFPAESR §ER 2 &~ F
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FE I HSETH A BHESF A5 T (1) F Bl s P H
LA (L5 Viem) g & Rk et 0 § 240 PAEs2 4 0g o B RBFAA 2
ZRBE IS 447’175’}%;)5 $pok 2. 4 o T 4= (Shi et al., 2008a) » ¥ RiE v ¥
FRR 2.3 #7524 (Maini et al., 2000; Luo et al., 2005a) » #& % i3 %42 2
PR Q) %2&435@.@.‘-%%1& By A (BFCIEFABIIRLERR)
HREFRBEAO TR REREpHER R 4 2 e i 2 B (L 35pH
= 7.50) > & "F 14 5 A @ﬁi%]i@ﬁ" Z A RAELEZEMRESY L2 LR
G RO REEREDE A 2%k () d $22 F3u@EREFFR
MR R TR R R R4 B A (Thevanayagam and
Rishindran, 1998)» iz @ﬁ%;@ﬁ}_t’ EEE R S R S el e P % 0 F P
s ddr 2 —i"T st L3 K2 5 (4) R F3EE R4k 2 :ik%;.s—ae;gn«, oy
it TR KR FIRLAE 2 dR 4R AT o R it £ g Tt %o :L,-%; - PPN
A R (RS 2 iR R) T BB R R iE A R pH B & o
o EP R REST AP RIEE BE L R 2 “lr‘*z.:% T yan oo (5)
RE2e B 55 MR H gk T B3R R ERERY VRER R B
WS Ttk e AR R pHE o @ AL pHE R VR 5 E oo ;ﬁ K=
R EMB S L EZIRE > RFHRADF AL L RS 2 (6) R EAES
FSEMREKREE T WWE AP RLF B E A IV RF AR S
2 g LR EEERE R IEY G oA R iﬁ%«ﬂpHﬁ_% v ¥1ig = )%k pH
fﬁéi%“ v RMZ AR L2 “TH‘/W\?’F@%J&H’ UECRAUN IS ek X

£ F R AT R g o R R R R *g Bl in;ﬁg?lf_,’ci-
4»(3‘_«1‘”? ’ @%?@ﬁiﬁ@ﬁé ZAF% > g MIRAEHES P A 2k o Bt 0 R
G A2 ARk A RS .
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%35 T84 posden

3 g

FEFAFTALIRp BN P FRETH 2

{

2

p =

FZURMPES RPN AR

B
t

5 B AR LR

BRik? F4fd BiRFIEEAEZERASFHT (ne/ke) FHRPTHER B rpoankc
Rk LB ez o a2 (%)
LR pH & Feeis 2 AR TTTL
0.33 0.66 1
(ng/kg) (ng/L)
1 7.97 DnBP 2 <1 <1 1 0.02 68
DiDP 24 41 14 26 <0.01 42
DEHP 489 407 439 445 0.01 15
DiNP 437 408 350 398 0.01 20
DnOP 36 30 34 33 <0.01 22
2 7.56 DnBP <1 <1 <1 <1 0.02 100
DiDP 11 13 8 10 <0.01 77
DEHP 297 374 314 328 0.01 37
DiNP 320 348 324 330 0.01 33
DnOP 22 29 24 25 <0.01 41
3 7.99 DnBP <1 <1 <1 <1 0.04 100
DiDP 9 14 9 11 <0.01 76
DEHP 379 412 400 397 <0.01 24
DiNP 335 403 344 361 0.01 27
DnOP 29 33 32 32 <0.01 27
4 7.83 DnBP <1 <1 <1 <1 0.01 100
DiDP 9 8 12 10 <0.01 79
DEHP 201 194 255 217 0.01 59
DiNP 241 214 207 212 0.01 57
DnOP 14 14 20 16 <0.01 63
5 7.87 DnBP <1 <1 <1 <1 0.01 100
DiDP 7 7 6 6 <0.01 86
DEHP 232 247 216 231 <0.01 56
DiNP 186 192 189 189 0.01 62
DnOP 17 17 16 17 <0.01 61

*DnBP ~ DiDP ~ DEHP ~ DiNP 2 DnOP *t # i% 2 4= 456 B > 4 8] 5 0.02 pg/L ~ <0.01 pg/L ~ <0.01 pg/L ~ <0.01 pg/L % <0.01 pg/L

®DnBP ~ DiDP » DEHP ~ DiNP 2 DnOP ** & ik 2

58

ook B0 A 8] 5 2 pglkg ~ 45 ng/kg ~ 523 pg/kg ~ 496 pglkg 2 43 ug/kg -
Cﬁrgé‘:_ix/“{_v —{[ﬁ&/f“ﬁ 74‘*")&&. (ug/kg)X KEEE (kg)+( ’l‘ﬁ’]{%/fz"‘m/fﬁm) i} %L*’”/E%)i (ug/L)X( ’fﬁ’!‘%/& + REE
heis 2P kR (nghkg) x REER (kg)+ A7 4niP RiF A4 kAR (ug/L) x 0.5 L]} x 100% ©
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34.6 w4 FioiEERT (S FAR A T
BF R A FLRR S 2 RIE TR & %ﬁd A A PP T R R Y 2R
ML BRTEREZ A7 2540k 3-6 % B 3-26 %75 o d R E K F Ao 7’]?‘\2
BERZ G THFVRERFHAIF 24 E o 5 1 2R A7 857 UFER
MEITIE B R s W E R R B R it 2 R T RES 4
R TR AARR G E R o ¥ 2 nRBHRAFIEE AL RIAF BT TR
fi;;ua‘,flr ApAERRZE S F 0P REpH BEFS T HITE NI R 4TV IR
G B NE LM S AL PRE > HIRR Y FAPRY | 2% E 53
ﬁ%ﬁﬁo” #ﬁ%ﬁﬂﬁi%i%*%ﬁﬁ’lﬁ@m%&w@%i%ﬁ
BeE P L pE s SRS E BT T BT BB FAREY 1 e
Fis%;;}p o R R EE? L REFRE 1 BRI ANE S o ¥ 4 EE%RE S S
RS 2 ﬁWK&*%Z e E 5 3 R HAR 0 LR T AR 2
WEFRPER > AT i 2 pH @ 2 %1 0 BERITIE - B
2 A = o Bl AT R 2 B 2 B R 3 %k o
FEREEY LR RFIAR AT pH R 2 g Bei 40 R ILK el 3% pH
BRI R EEF LR -

% 3-7T %19 DGGE » 75 % » E 2% Seif%k 2 KL F B3P £ KRS
(Lane 14) e+ 3 & F (Band) {7 DNA E 7| 4 > o L 2 % (B v 9035 2.0
+ ® %% > ¢ 77T 7 F - Flavobacterium sp., Bacillus sp., Pseudomonas sp.,
Rhodococcus sp. Herminiimonas sp., Zoogloea sp., Naxibacter sp., Massilia sp
Actinobacterium, Burkholderiales, # Duganella sp - # ¢ - Flavobacterium sp.,
Bacillus sp., Pseudomonas sp., % Rhodococcussp = 7 A4p b % 3% o 4 fa &
3 "% % PAEs 2 5. # (Patil et al., 2006; Chao et al., 2006; Kido et al., 2007; Lu et al.,
2009) $t ¢k > Herminiimonas sp., Zoogloea sp., Naxibacter sp., Massilia sp.,

\?PW

ﬁr

Actinobacterium, Burkholderiales, 2 Duganellasp -7 5 1p & < }’%Jt‘é_e_ 7T EfRHE
3 #7324 (Lietal, 2005; Kim et al., 2010; Bajaj et al., 2012; Kim et al., 2014; Liu
etal, 2014; Tong et al., 2015) » &+ 6 Ftr & 8 35 2> %X PAEs 5 42 % H? » 7
fe FIRBE 2 3 it m By FRERRBL 242 5 4 (Wangetal, 2010) -

& FfagE e 2 DGGE 4 7% % # 4> )tk 4 (Flavobacterium sp.) ~ #k 6
(Burkholderiales) ~ F#tk 7 (Massilia sp.) % Atk 9 (Rhodococcus sp.) i+ &t & T #
A EEewERERY BT HE L URBEERS a4 0 Tt S ARART &R
e b4 et d Bk ﬁ*,l‘ Xuo
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= 1

#3-6 DGGE & %8 & %
Test No. 05 1 2 3 4 5
P — 033 066 1 033 066 1 033 066 1 033 066 | 033 066 |
from arode reservoir
E;";SED 0 I 2 3 4 < & 7T 8 9 10 11 B 13 14 15

* Original sediment.

mes=  Known band type

== [Inclassified
F13-26 4o 55 N 2 % R APAES 4w 4iie (5 Liik) AR
—F s 15 R GR EAR A 15



%37 BAEEZ S G H (B 14555

Ftx R F 2k RE ik DNAASAR IR BBEAF  FRF kR R
TR T B R
4 Flavobacterium sp. SIF5 Flavobacterium sp. 92% K DMP: 1000 mg/L Kido et al., 2007
5 Bacillus sp. A1148 Bacillus sp. 85% K DMP and DnBP: 20 mM Patil et al., 2006
8 Pseudomonas sp. HUK21 gene Pseudomonas sp. 99% 43 DBP :100 mg/kg Chao et al., 2006
9 Rhodococcus sp. VITSNK6 Rhodococcus sp. 99% >34 DMP: 200 mg/L Lu et al., 2009
DEP: 200 mg/L
DBP: 200 mg/L
FHMEAE TR LB
1 Herbaspirillum sp. UKPF17 gene Herminiimonas sp. 97% k Toluene: 0.96 mM Kim et al., 2014
2 Zoogloea sp. PW-7 Zoogloea sp. 99% B3 Phenanthrene and pyrene: 100 Li et al., 2005
mg/kg
3 Naxibacter sp. X16-7 Naxibacter sp. 99% EX: 4 Chlorpyrifos: 100 mg/kg Kim et al., 2010
6 Burkholderiales bacterium enrichment Burkholderiales 99% B 4 Pentachlorophenol: 200 mg/kg Tong et al., 2015
culture clone AP-FeEnrich10
7 Massilia sp. YMA4 Massilia sp. 99% B 4 Phenanthrene: 8.62 mg/kg Liuetal., 2014
10 Duganella sp. BD-al4 Duganella sp. 99% £ 4 Selenium: 11.6 mg/kg Bajaj et al., 2012
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Lot AR

skl AALT (%) (NTD/on) >~

LR T e | PCBs >99 3,713-4,687 Zhou et al. (2004)
(Superecritical Fluid Extraction)

2 3§ B3 £ 2 (Soil Vapor Extraction) PCE, TCE, DCE >80 19,582 Uhl IIT (2005)

% i 4~ f& (Pyrolysis) PCDDs, PCDFs >99 11,846 Wijesjara et al. (2007)
# %% (Thermal Desorption) TPH 70 2898 Ha and Choi (2010)

4 #4275 (Bioremediation) Toxaphene, DDT 86-93 4,205-8,765 US EPA (2010)

T # 4 # 24 nano-Fe;04/S20s* 3 PAEs 65-100 11,846 H&4% 4 (2013)

T # 4 # 24 nano-SHM/H202

Th 4 P Ao NI i RS

6 PAEs, 1 Antibiotic, 4
Non-Antibiotics
5 PAEs

70-100 5,681

56-100 1,298

WeEE A (2014)

A% (2015)

:x:1 %4 (USD)=32.344 375 % (NTD) -
1 #® (KRW)=0.029 #75% (NTD) -
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WA 2 B2 EnALR (PR LR REY RBETEEATERZAALS

. R (ug/kg)
%R E ﬁ'fuzfgm Bk K U T80T 3
ELEE304 NS ARG ARG ATl
EE e iy ~ PR EY : :
Bisphenol A (BPA) 1 <1 <1 <1 <1 <l
Nonylphenol (NP) 100 <100 <100 <100 <100 <100
A= PN
Butyl benzyl phthalate (BBP) 1 <1 <] <1 <1 <1
Di-n-buty] phthalate (DnBP) | <1 <] <1 <1 <l
Di-iso-decyl phthalate (DiDP) 1 8 1 3 40 26
Di- (2-ethylhexyl) phthalate (DEHP) 1 63 29 53 77 49
Diethyl phthalate (DEP) 1 <1 <1 <1 <1 <l
Dimethyl phthalate (DMP) | <1 <] <1 <1 <]
Di-iso-nonyl phthalate (DiNP) 1 111 34 65 182 89
Di-n-octyl phthalate (DnOP) | 9 4 8 24 18
HE= PR M YT
Mono-n-butyl phthalate (MnBP) 1 <1 <1 <1 <1 <l
Monobenzyl phthalate (MBZP) 1 <l <1 <l <l <1
Mono(3-carboxypropyl) phthalate (MCPP) 1 <l <1 <l <1 <1
Mono(5-carboxy-2-ethylpentyl) phthalate (MECPP) 1 <1 <1 <1 <1 <1
Mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP) 1 <1 <1 <1 <1 <l
Mono(2-ethylhexyl) phthalate (MEHP) 1 <1 <1 <1 <1 <]
Mono(2-ethyl-5-oxohexyl) phthalate (MEOHP) | <1 <] <1 <1 <]
Monoethyl phthalate (MEP) 1 <] <] <] <] <1
Monomethyl phthalate (MMP) 2 <2 <2 <2 <2 <2
Mono-iso-nonyl phthalate (MiNP) 1 <l <1 <l <l <1
Monooctyl phthalate (MOP) 1 <1 <1 <1 <1 <1
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Bmphcnol A (BPA) 1 <] <] 2 <] <]
Nonylphenol (NP) 100 <100 <100 <100 <100 <100
HE = PR
Butyl benzyl phthalate (BBP) 1 <1 <1 <1 <l <1
Di-n-butyl phthalate (DnBP) 1 7 13 7 <] 7
Di-iso-decyl phthalate (DiDP) 1 8 1 3 40 26
Di- (2-ethylhexyl) phthalate (DEHP) 1 11 81 16 25 102
Diethyl phthalate (DEP) 1 <1 <1 <l <l <1
Dimethyl phthalate (DMP) 1 <1 <1 <1 <1 <1
Di-iso-nonyl phthalate (DiNP) 1 150 1412 230 130 97
Di-n-octyl phthalate (DnOP) 1 16 92 27 12 17
HE= PR MY
Mono-n-butyl phthalate (MnBP) 1 272 176 140 161 <1
Monobenzyl phthalate (MBZP) 1 7 6 7 3 <1
Mono(3-carboxypropyl) phthalate (MCPP) 1 <1 <l <l <l <l
Mono(5-carboxy-2-ethylpentyl) phthalate (MECPP) 1 <l <1 <1 <1 <1
Mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP) 1 <l <1 <1 <1 <1
Mono(2-ethylhexyl) phthalate (MEHP) 1 16 27 10 <] <]
Mono(2-ethyl-5-oxohexyl) phthalate (MEOHP) 1 <] <] <] <] <]
Monoethyl phthalate (MEP) 1 17 12 16 12 14
Monomethyl phthalate (MMP) 2 45 120 38 9 39
Mono-iso-nonyl phthalate (MiNP) 1 31 34 40 22 <]
Monooctyl phthalate (MOP) 1 5 13 7 2 4

i OERA SRR A201547R3A8 -

A4 F ARG AR (FRLE) ALY BRBRTEFATREALAL LS

g ; R RE (ug/ke)
oS R B f‘f;; J,fg*f i B L K i3 T ST AR
F L3045 EUAEAG  Ar BB IRAG  ASARCEAS  ATSIMG
Bl\ph(.nol A (BPA] 1 <1 7 <] 2 <]
Nonylphenol (NP) 100 <100 <100 <100 <100 <100
A= PN
Butyl benzyl phthalate (BBP) 1 <1 <1 <1 <1 <1
Di-n-butyl phthalate (DnBP) 1 41 13 19 <l <l
Di-iso-decyl phthalate (DiDP) 1 19 8 6 9 77
Di- (2-ethylhexyl) phthalate (DEHP) 1 54 19 13 <1 <1
Diethyl phthalate (DEP) 1 <] <] <] <] <]
Dimethyl phthalate (DMP) 1 <1 <1 <1 <1 <]
Di-iso-nonyl phthalate (DiNP) 1 505 159 164 135 460
Di-n-octyl phthalate (DnOP) 1 7 2 <] <1 <]
A K= T EEE AW
Mono-n-butyl phthalate (MnBP) 1 <1 <l <l <l <l
Monobenzyl phthalate (MBZP) 1 <1 1 <] <l <]
Mono(3-carboxypropyl) phthalate (MCPP) 1 <l <1 <1 <1 <1
Mono(5-carboxy-2-ethylpentyl) phthalate (MECPP) 1 <1 <1 <1 <l <1
Mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP) 1 <1 <l <1 <l <1
Mono(2-ethylhexyl) phthalate (MEHP) 1 <l 14 <1 <1 <1
Mono(2-ethyl-5-oxohexyl) phthalate (MEOHP) 1 <1 <] <] <] <]
Monoethyl phthalate (MEP) 1 2 <] 10 2 <]
Monomethyl phthalate (MMP) 2 <2 22 22 7 <2
Mono-iso-nonyl phthalate (MiNP) 1 121 53 <l 27 <l
Monooctyl phthalate (MOP) 1 3 8 4 2 8
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EK remcediation of PAEs-contaminated sediment for 14 d
Anolyte: Cianjhen River water

Catholyte: Cianjhen River water

80 I Elcctrodes: Titanium

Constant voltage: 48 V (i.e., 1.5 V/em)

60 -

Electric Current (mA)

Elapsed time (d)
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100

EK remediation of PAEs-contaminated sediment for 14 d

Anolyte (Ciagjhen River water based): Daily injection of 10 mL 0.03 M K,HPO,
Catholyte (Cianjhen River walter based): Daily injection of 10 mL 0.1 M

80 r sodium acetate buffer solution

Q Sediment compartment: Daily injection of 0.67 mL nutrients and 0.01 M H,0O,
E Electrodes: Titanium

" Constant voltage: 48 V (Le., 1.5 Vicm)
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EK remediation of PAEs-contaminated scdiment for 14 d

Anolyte (Cianjhen River water based): Daily injection of 2 ml. nutrients and
0.01 M H,0,

Catholyte: Cianjhen River water

Flectrodes: Titanium

Constant voltage: 48 V (i.c., 1.5 Viem)
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EK remediation of PAEs-contaminated sediment for 28 d

Anolyte (Cianjhen River water based): Daily injection of 2 mL nutrients and 0.01 M H,0,
Catholyte: Cianjhen River water

Electrodes: Titanium

Electrode polarity reversed on Day 15

Constant voltage: 48 V (i.e, 1.5 Viem)
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EK remediation of PAEs-contaminated sediment for 28 d
Anolyte (Cianjhen River water based): Daily injection of 10 mL 0.03 M K,HPO,
Catholyte (Cianjhen River water based): Daily injection of 10 mL 0.1 M sodium acetate
80 r buffer solution

—_ Electrodes: Titanium

E Electrode polarity reversed on Day 15

- Constant voltage: 48 V (i.e., 1.5 Vicm)
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EK remediation of PAEs-contaminated sediment for 14 d
Anolyte: Cianjhen River water

Catholyte: Cianjhen River water

I Electrodes: Titanium

Constant voltage: 48 V (i.e., 1.5 V/cm)

Initial river water Conductivity: 0.79 mS/cm

- -+ Anolyte
B-Catholtye

Elapsed time (d)
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EK remediation of PAEs-contaminated sediment for 14 d

Anolyte (Cianphen River water based): Daily mjection of 10 mL 0.03 M K,HPO,
Catholyte (Cianjhen River water based): Daily injection of 10 mL 0.1 M

F sodium acetate buffer solution

Sediment compartment: Daily injection of 0.67 mL nutrients and 0.01 M H,0,
Electrodes: Titanium

Constant voltage: 48 V (i.e., 1.5 Vicm)

L Initial river water Conductivity: (.79 mS/cm -+ Anolyte

-Catholtye

Elapsed time (d)
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EK remediation of PAEs-contaminated sediment for 14 d
Anolyte (Cianjhen River water based): Daily injection of 2 mL nutrients and
0.01 M H,0,

Catholyte: Cianjhen River water

Electrodes: Titanium

Constant voltage: 48V (ie., 1.5 Viem)
Initial river water Conductivity: 0.79 mS/cm

-¢-Anolyte
-Catholtye

Elapsed time (d)
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EK remediation of PAEs-contaminated sediment for 28 d
Anolyte (Cianjhen River water based): Daily injection of 2 mL nutrients and 0.01 M 50,

Catholyte: Cianjhen River water

Elecirodes: Titanium

Electrode polarity reversed on Day 15
Constant voltage: 48 V (1.e, 1.5 Viem)
Initial river water Conductivity: 0.79 mS/cm

Electrode polarity reversal
-+ Anolyte (before)
- Catholtye (before)
-o-Anolyte (after)

O Catholtye (afier)
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EK remediation of PAEs-contaminated sediment for 28 d
Anolyte (Cianjhen River water based): Daily injection of 10 mL 0.03 M K,;HPQ,
Catholyte (Cianjhen River water based): Daily injection of 10 mL 0.1 M sodium acetate
40 r bulfer solution
Flectrodes: Tltgmum - Electrode polarity reversal
FElectrode polarity reversed on Day 15

-+ Anolyte (before)

Constant voltage: 48 V (1e., 1.5 Viem) .
30 | Tnitial river water Conductivity: 0.79 mS/cm & Catholtye (before)
¢~ Anolyte (after)

‘1 Catholtye (alter)

20 -

Reservoir Conductivity (mS/cm)

012345678 910111213141516171819202122232425262728
Elapsed time (d)
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