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FEFETZ 6 BRERCEFAFIFEERARS FEALRFF R
RE Y PR 3AEARE - Y EAfigsE 6 fEANE - T R B 2 2 A%
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FlyEE 2 BT UE 125 B o AMATHIRE FIAENS 6 0 RE 4 F k0
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Abstract

The objectives of this study are two-fold: (1) to investigate the residual
concentrations of eight phthalate esters (PAEs), 11 phthalate esters metabolites
(PAEMs), 18 antibiotics, and 10 non-antibiotics in sediment samples collected
from the Dianbao River; and (2) to develop and establish a localized, feasible in
situ remediation technology coupling nano-schwertmannite/H.O, process and
electrokinetic process (in short, “the novel in situ remediation technology”) for
the removal of PAEs and pharmaceuticals in sediments of the Dianbao River.
To meet the first objective, four batches of sediment have been sampled at six
sampling sites along the Dianbao River as originally planned. Three PAEs, six
PAEMs, and two pharmaceuticals were detected in sediments collected. The
level of parts per million (ppm) of residual di(2-ethylhexyl) phthalate (DEHP)
was detected for sediment samples collected at Jiaosu Bridge. The relevant
highest concentration (2,458 pg/kg) is 1.25 times greater than the regulatory 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, six tests including the blank test with a remediation time of 14 days or
28 days were carried out using the novel in situ remediation technology under an
electric potential gradinet of 1.5 V/cm for sediment samples collected at
Shengxing Bridge. Test results are given as follows: (1) injection of
nano-schwertmannite slurry and H2O: (collectively, “novel oxidants™) into the
anode reservoir would yield OHe that then would be diffused into the sediment
compartment and further transported by the electroosmotic flow from the anode
end toward the cathode to degrade PAEs and pharmaceuticals in the sediment if
any; (2) an electric potential gradient of 1.5 V/cm would help the removal of
PAEs and pharmaceuticals in the blank test, which no “novel oxidants” was
added to the remediation system; (3) the use of electrode polarity reversal would
enhance the removal of PAEs and pharmaceuticals in sediment near the cathode
for the test having the addition of “novel oxidants” to the remediation system; (4)
injection of equally divided dose of 10 mL *“novel oxidants” into the anode
reservoir and four injection ports on the top of sediment chamber would further
enhance the removal efficiency; (5) an extension of treatment time from 14 days
to 28 days is beneficial to the removal efficiency as expected; (6) an employment
of electrokinetics would cure the problem of decreased pore water flow in the
course of remediation due to the size of sediment particles decreased; and (7) the
residual concentrations of target contaminants in the anode reservoir remained at
ng/L level throughout the remediation period. It was also determined that “the
novel in situ remediation technology” is economically feasible because of its low
operating cost of no greater than 195.4 USD/ton. Thus, “the novel in situ
remediation technology” is a viable technology for the removal of phthalate
esters and pharmaceuticals from river sediments in large scale operation.

Keywords: Sediment, Phthalate Esters, Pharmaceuticals, Schwertmannite,
Electrokinetic Process
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FWLEPFARIDZRZ A RBET 28 % AL HEHF T L
ERBEBAFTY o

WITLARE RO RPN A REFEER R REY R EAARF -
U Rifn 2 o HER %% F 4w 5 ng/L-pg/L (ppt-ppb) % pg/kg-mg/kg
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TER P E ZERE M EPESAFT O N RERRE T R F LIS
%0 m#E Fenton ;2 R/ - AR %f 2R > HA4hd 3 pd AL
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F e g LRI iEE L o

F% 4 Fenton % M Fi5R F #81 &35 e {ok I 3| enLpirih 235
FAFAFA BT S Y 1999 £2 2001 £ £ Journal of
Hazardous Materials (3% % Gordon C. C. Yang and Yu-Wen Long, 1999,
"Removal and Degradation of Phenol in a Saturated Flow by In-Situ
Electrokinetic Remediation and Fenton-Like Process," Journal of Hazardous
Materials, Vol. 69, No. 3, pp. 259-271 & Gordon C. C. Yang and Chyi-Yech Liu,
2001, “Remediation of TCE Contaminated Soils by In Situ EK-Fenton Process,"
Journal of Hazardous Materials, Vol. 85, No. 3, pp. 317-331.) » &§{s "~ B %
— B AIFTIT A BB AT 2008 & 2 2009 £ ¥ 4 T4 2L Ak
R R B E G AR £ T ko 3 R P W
g LAz g P %4 (32 Gordon C. C. Yang, 2008 » "Method for Treating a
Body of a Polluted Porous Medium" » # R P & 413 2 % US 7334965 B2 5.
& 1§ &£48 02009 > " 5 IVH AT 2 RIS R B2 (0 FA IS
FIFEZL P % 1316150 5) c 5t > AT H 2 p FE 2 F B iFg
R e A RER S & gE L%Tﬁ' eE Fenton j2 87 § % 4 2 & g2
FiEKIE \% BEAY (MF - "M EFE)OFAIRE - BRE
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AEF2 Pt = () HERPRP TREALATHEELDE B
BF D RN L FIOERR Y 8 FEMNE C U BifadE o 11 EARE U Rkpy
MR I8 FEF 2 0B A EFEATE  BrEEA
KX HRF VR EPARE) 0 M - HEEERT S Y Bl
Rk p R PRSI E R KRR ;ﬁ“g =]
.%z%waﬁﬁabﬁm&mﬂAnﬂﬁé*a$ﬁ%§z%%maﬁ§ﬂ
FArRERE S PR FL FEREY BT EREE EFES S
W ES R M 2 F R X R BT A i
KRR LR R /AR A RS2 4

13?%?@
1.3.1 AR%¥ = 9 Fafinsf

"FFELEEAZREPTDFRE > R EFERA SRS E L F bhig * 3
PALIES R AARES 53 Pl Gt
7 (Phthalate Esters, PAEs) » gt ¢b > 220 i3 X iR & 5~ 5
% PAEs ¥ T 23 & 2 Wik3 A& r%mﬁ SR R T
2003; 2004, 2006)o ¥ A PAEs # 35 148 F - " B2~ A F ¢ fig (Butyl Benzyl
Phthalate, BBP) ~ #8 ¥ = ¥ f& = ~ fig (Di-n-Butyl Phthalate, DnBP) MRF =
fa= (2-¢ & A)pq (Di-(2- Ethylhexyl) Phthalate, DEHP)~ #8 % = 7 B = 7 fig
(Dimethyl Phthalate, DMP) ~ #i8 ¥ = ¥ ¢ = £ I fiy (Di-iso-Nonyl Phthalate,
DiNP) %2 #8% = ¥ i - © ¥ fig (Di-n-Octyl Phthalate, DnOP) % 6 fé-3F % &
TETOOMF D VEMET B EENTES AN SR ORES T
PRSI Nwd B B R R ENE 2T AR
4 % (ATSDR, 1995; 1997, 2001; 2002) -

ﬁ»Oﬁ%’@ﬂwﬁﬁﬂﬁﬁ“%%ﬂ*ﬁﬂ%&£W%P i
R WE EFZ2 ptken 35 P AR ¥ 444D DEHP > 2 kR 5
0.21-8.44 mg/kg ; 2008 # > ¢ FFE KL AR P A I S FEARF - ¢ fifg
50 HER 9 5 76.3-450.0 mg/kg s B V15 iR Ak T F 16 FAAR
- P pipasgo H ¢ >DEHP % DiBP kR % i 14.16 mg/kg * 71.20 mg/kg ;
Fatoki et al. (2010) % ** & 2L~ £ k¥ &L ¢ % 1) DEP » DnBP 2 DEHP » #
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Jk B A w5 0.16-0.32 mg/kg ~ 0.19-6.50 mg/kg 2 0.02-1.12 mg/kg -

FREBEPN - TRk B R S R4EE (2002) 45 0 0 3 9 BER R
¥ T AEMRE - ¢ Bipaspo 2 ¢ o DEHP kR X 5 0.72-26.26 mg/kg ;s Huang
et al. (2008) # % :}% Ao 3 17 0% R 0 KK A B d DEHP ~ BBzP 2 DnBP >
HER A W 5 1.20-4.10 mg/kg ~ 0.13-0.22 mg/kg 2 0.09-0.14 mg/kg ; Lin et al.
(2009) *+75 Tik &k 9 DEHP > 2 T35k B %) 5 3.81 mgkg; 7 5cialk
B A R 4R2 (2011) 4501000 33 6 AR Y e 6 BARE S U ik
Fa%g o B¢ > DEHP LA % i 221 mgke : H 445% ¢ (2012a; 2012b) i ¢
EOFERE KD 6 AN F - Y fifigsg > 2 ¢ > DnBP ~ DEHP % DINP L35
JER A W 5 0.40-1.87 mg/kg ~ 0.49-1.95 mg/kg 2 0.36-1.28 mg/kg °

POOREERMZRESET AL BT R > FRRESRFEE AR 101
£ 17 4pUEFDFE 1000116349 5u4 372 g+ T AR STtk A4
FIE R URIpEE > BHEER FRO S RER AL L
Fe ARy A gd o BP9 o MF - P Bfgsg P PUES T RUE A Y
4o 1 (1) AF - P E- (2-¢ & A)Aa(DEHP) — 19.7 mgkg % 1.97
mg/kg ~(2) #F = ¥ fe= 7 fa(DBP) — 160 mg/kg * 22.0 mg/kg ~ (3) #&
¥ " A ¢ fig(DEP) — 22.0mg/kg 2 1.26 mgkg~ % (4) MF = 7 i
g ¥ ¢ A3(BBP) — 300 mg/kg 2 22.0 mg/kg - 7 rclath B iR & 4 4 ip T 47
KEERFTEALESTA 23102870 17pgF Tpand £ § M0
BORIAR SR & TEME » AKEH G K2 PP ELF BHp S
5 &R RPIITERE KRR ST Lk Bk E 3 3 pakig
BlREEY I L3 FRMAE L -

SEREE T 0 RIABE L 2 BEAREAR 000 T A S IRE BLHINE 3
BRSO S Agfe w F IR/ g2 2 5 4 > ¢ 3% Capping
Containment Barriers - Solidification/Stabilization % Confined Disposal
Facility ; {8 57 £ m& 5 ¢ (1) =32/iv B 3@ > 3 » ¢ 3£ ¢ Chelation ~
Oxidation ~ Dechlorination - Solidification/Stabilization -~ Basic Extractive
Sludge - Solvent Extraction - Carver-Greenfield Process -~ Soil Washing 2%
Containment Barriers ~(2) 2 # &2 > ;2 » ¢ 3% Bioslurry ~ Containment Land
% Composting ~ (3) # &2 3 j# » & 42 @ #up i+ (64 ¢ Incineration
Pyrolysis ~ Vitrification ~ ~ ~ % ) % # % % it ( ] 4e @ Desorption and

Vaporization Extraction ~ High-Temperature Thermal System ~ Low-Temperature
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Thermal System ~ Low-Temperature Thermal Aeration ~ ~ ~ %) (Reisetal,,
2007 ) -

Ao b Arit o P E AR Z e W A IFER P PR P E 1 ERY
G S P RS 2000 & Fd ARSI AR 0 TR R P om iR (7R RETOR
BRAARRER Y B2 P SRR AR R B RS AR
oy T iEygn gt 5322012 & 11 % 04 pd FRiFFE ~ 7 712 o 3
AR Ry Red o 2 AR RP AT AR Fiedp i i 2 e Tk
BRI e 2t B ‘aﬁ*‘%«ﬁxz‘%;pﬁﬁﬂm B R EHEFAL R
mooHe )i MR Y 2 8F 2 P BefiqdE s e 2 FE AR 0 bldr
B (2003) £ L3 ES S EE S Y AT LR ROR B P
Foo AR 2 KR KNP > HARE - 7 i - 7 Ay (Di-n-butyl phthalate,
DnBP) 2 F+F = 9 pacs (2-¢ #e H)fn (Di- (2-ethylhexyl) phthalate, DEHP)

13 "f Fau e 24%% 13% 0 R FL REFE&REN Y > H D i Fpd
oo A F (2005) *t % DnBP 27 KR A B A e R 0 A2 S5% % T
%ﬁﬁy;a&fﬂpymiJomﬁg(m%)%;$44%w”0&¢ﬁ;
R EEE S BRIET 5 IR EY 5E Z DR E) KRV Aa\;%;g_ L2 AT
E]]?]%%’#ﬁ-ﬂi% FRMFZIIRC TR MEFCTME R RSB
%%ﬁ614%’#$ %I wa@@ﬁ%ﬁ@@ﬁﬁﬁ%ﬂﬁ?:ﬂ&:
TR MRECZ TERZ FURRZ a4 o EipiE (2010) T & F A P aJE
EEIXMF Z TR T AR BBERE O F BER L A p ,ﬁ,,l 4o 3

o

BA AT 2 ST RS T T A0 90% 0

¥ f{c B ~ % * 5 (Pharmaceuticals and Personal Care Products,
PPCPs) & 4 3g2 p ¥ 272 %7 Aph > P33 W % 501 %2 ¥ 5 o B
—’\ﬂf%’l* A4 ;ﬁziﬂﬁpv‘* N E;ﬁr— “HKEEZ G IEE G > HER 2 B

B ES T AR E I F P (Gibbons et al., 2001; Roslev et al.,
2007; Clara et al., 2010; Richardson and Ternes, 2011; Richardson, 2012) -

Behit L apiE & > $13ip VAR Y PPCPs A G B AT S awEg A
4% » 2 ¥ > Antoni¢ and Heath (2007) *t 2122 A L s i F P KA P 2 &
4 3 Rk a0 HER A w5 ND-60 ug/kg ~ ND-320 ug/kg ; Varga et al. (2010)
WAl g R R E S A 2 FRoEr o HIER A B 5 220 pg/kg
5-38 png/kg ; Silva et al. (2011) WEFLT B H BR RE Y e EERE > ik
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22 F % HER 2w 5 ND-222 pg/kg ~ ND-33.5 pug/kg ~ ND-20.9 pg/kg °
FEREP > iT#cE ks 53 57 kP PPCPs %= 7 3F ¥ (Lin et al., 2005;
Chen et al., 2008; Lin and Tsai, 2009; Lin et al., 2010) > ie #ri& & 4% 2 PPCPs #
i R SN -

1.3.3 Fenton % % Fenton /=

Fenton 2 % fh* - &% % § it ;2 (Advanced Oxidation Processes,
AOPs) » #1894 # H. J. H. Fenton %.i& {7 ¥ i* /F1% p& (Tartaric acid) /& » &
*bgd I Fe? it 49 4v ik HoOn e94 3 > )@ 3E# Fenton 3% (Fenton, 1894)» 14
FrRge mgmR o § HHOr % & FeX it &lpF > 7 24 OH % * 3% % 5 4
Booowate A Rt - A0S & LS “Fenton’s Reagent” < ** Fenton /% ¥
wA 42 OH e 258 eng (& HF i 4 054 (F)r wHfn
TEBLE (03) % 4RI MnOs) o — 4@ % > @ % Fenton ;2 ¥ 3§ *
WO iR T o e FR-pH B4R 2-4 22 fF 5 -5 J13% OH-eh2 = - Fenton
2 F Rt dlAeT

Fe’ + H,0, + H* — Fe*" + H,0 + OH-

@ #f Fenton /% (Fenton-Like) R 5 — #8474 7 Fenton ;% > 4 Watts & 4
(1990) 4% 41 > 1% B R)? 515 F SUBF 4 (blde : £4R7H) *Tpelbis
#ET (pH=2-3) i HoOx ¥ &2 2 OH-» M T T & foend it > 2 RIZG &

%> Fenton j* & ﬁ'ri,”lt 4¢ Fe?* o %F Fenton j# & 4844
(1) ¥ pH & 5 2-3 p# (Huang et al., 1995)
0-FeOOH + 2 H" + 1/2 H,02 — Fe?" +1/2 0, + 2 H20
(2) % pH E4#:i7¢ (£ pF (Watts and Dilly, 1996; Kakarla and Watts, 1997)
H»02+S — OH-+OH +S*
S* + Substrate — S + Products
S*+ H,0, — S + Products
He STE X RBGR 40 2485 V3 o

m A E R * 225w iF g £ (Schwertmannite, SHM) % d Bigham et al.
(1990) % % 5 % 630 h 3 BAEITE § 1 F om i daas & (Acid
Mine Drainage) * e - & %3 A m @ 3 S FH &y > H L F
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[FesOs(OH)x(SO4)y» H ¥ x=8-2y 2 1<y<1.75]>H i &4 = pH & 5 2.5-4
(Peine et al., 2000) © ¢ FH 43+ 1994 £ £ “REFHI& F 12 € ATH 2 FH4 &
wiﬁg”ﬁxﬂgLﬂﬁﬁﬁfﬂﬁﬁépé‘SwwmmmmW’QQMmet
al., 1994) > t5 kd 5 EE 4 (1999) #ZFHF& ¢ 2 LHFL R FE
Vo XA K "51%3(72” o 2¥ 5 77 (Bigham et al., 1996; Regenspurg et al.,
2004, Schwertmann and Carlson, 2005) # R > 45 & 7 ¢ "% pH EH v @
i 5 48 H (a-FeOOH) » Flam i+~ £ H > se %Y o pH &0 #
R A28 40T #rog o
FesOs(OH)6SOs + 2 HO — 8 FeOOH + SO4* +2 HY

e Schwertmann and Carlson (2005) 77 ¢ # I > ** pH = 7.2 chd g3
Ko R FE PR S AR R 100 X 2 > E G AN pH = 6 1
el Bk Y » T SiF 543 % > v iE = 280 L 44487 (Jonsson et
al., 2005) o etk - Jonesetal. (2009) F7 ™M » = F I € € (Fw S 4
8 4o - B3 FA o Ea g B E S AR -

SR E R FSEEHET CH LA AL I IHE T blde
FeCl;~Fe(NOs); % Fex(SO4); 2 -k f2;# (Bigham et al., 1996; Subrt et al., 1999;
Loan et al., 2005) » 2 FeSO4 7 HxO, ¥ i ;% (Regenspurg et al., 2004) » * j&_
FIMHELLEB2Z MY - L L E G 175225 mYg vt G AR
(Bigham et al., 1990; Regenspurg et al., 2004) » * 7z 7 <~ £ eh2F L 2 Fifie {3 %
Foae B ¥ USRI E Lk EF L & Efa;%sﬁt—? I HF A I ECR A
(Jonsynletal 2005; Waychunas et al., 2005) » & @ 7= ¥ #* w2 4]k 48 ¢ ?-ﬁ
T &Kz AfE% 3 (Bigham et al, 1990; Schwertmann et al., 1995;
Swedlund and Webster, 2001; Fukushi et al., 2003; Casiot et al., 2005; Jonsson et
al., 2005) - Wangetal. (2013) # 3 4pd > SR 2R IR ASF 2L FRA
Bk > HERRRF A2 3k RS AMB R P LR Y S R T
EHM A SBH T EH R 26 BEHfpRF o
134 T84 i
(1) T4 FjpishiL

fREE N ERIZZFAANF (bt 2 3E)
a’jﬁﬁﬁgﬁﬁﬁﬁﬁﬁﬁéihmﬁ¢m%‘?%ﬁw,ﬁd$
FAH (RPUTESY) B R A I DRI R R (%
W) ARFE B FETRZEI R e 2R (BiR) A8 5 s b B R




LFEREY 2FBEFALF A REZ ATAR I Bioppsm g

WIpBY " i’% d 7 e (Electroosmotic Flow) éﬁ@ﬁi%] » gl 4ok
PR RGOS > ea E TS “f VPS4 pe HRIET R
Bl4cB 1-1977 (Leinzetal., 1998)c &7 it & & BiEALY > T 1RARIT € &
AR TREF R B E BN AT A

B 2H0 - Oyt +4H" + 4¢e

s 4H0 + 4e —2Hyy! + 4OH

TF w42 TH € wisieB# a2, - R4t (Acid Front) -

F2 0 alete® A 4 OH 7 -1_i¢ H 454% (Base Front) 775 o o 3%

%f AAEIR LG R R G RTORER L TR
RERE Y mﬁ%#*4%¢$’“ﬁ’4%W%LBH* 515
—a;‘é,_igz/‘%‘rc*,frﬁv TORIAMEI LA R m,ﬁ%L#W—i“/T‘o

Gl IR o (oo ST A *"#\f‘ﬁ"frﬁl 4 i}’ » R g ok 4 e
ik o B F g2 @%] B E O XFARPERE LRI H
AR 8 E-FER A E5 NS ,L?ﬁ@%}f}hﬁ-ﬁ o P
AAREILEEAZTHBN P FBY RE > 2 BITTRAVKRTREF &
Ford ¥ REYTEDS B FEENEL -(“)i{ﬁ?"@ﬂiﬁ—i;%ﬁ
(Electroosmosis) ~ 7 1% 4% (Electromigration) £ 7 /& (Electrophresis) %
= i@ﬁ%ﬁ}‘iﬁ#' s (=) 2 8¢ F w2 718 F & (Rahner et al,
2002) o gt 7h o U F T Fo S }EII.“J_@%?];‘? A pr gz P E\J@%?Ji TRE S
AT s ggags;l (.’;ﬂ Jgrzﬂzoz) 2 4t (i;ﬂ |4t % 4:@5;) gt o~ N H
Ko (b4

£ o

%

Cathode

W11 e 364 B iR s 4 B (Leinz et al., 1998)




Bk PhgAnn o

‘?‘“

R “Lﬁ%ﬁ4#mq*"ﬁ DR R AR B R
i;%:g ke afrr ~ 2 ED r«l’f"p"fi pH;E\ A kR
2T AEE (SAIRL ¥R 5 2003) 0 H WP 4o

&

ARIT R 2 1§ F & (Yu and Neretmieks, 1997)

WEEAZHETHT BT ERATAA RO E > B
fﬁﬁmfﬁ@if?}y.ﬁ)im“ M Flm s AR Kﬁ;m{ AL
% & 7 ! FM4& Y (Activation Polarization) ~ Jk & #& i* (Concentration
Polarization) % % ¥* #&* (Ohmic Polarization) % = f& -

b. 3 7 -k &4 fcR (Yuand Neretmieks, 1997)

LRGSR PR S HITH O AP R s
o ZoKFEBEBE RE > iEG F B # (Electromigration) =
A o

(]
.
e
by
=
[v

5 22 %4 (Reddy etal, 1997)
FHABERSTRSFEAF BB R T A E o FLH
TR I E F RRF P § IR A IO IR E A
P RIEEKRMY A FIEDREB EREE S PR €5 KRE
Ao 22 BRI Bt dpHE R 2 1 -
d. pHE (Lee and Yang, 2000)
FoRTIRF forrd & A BOH AL MR & ¥ fopk > -8 ¥ B 5
4 t%’m?“i TP RBARE I REE T R GRS RS

o

:H_.P

e. 544 %2 kR (Hamed and Bhadra, 1997)

S T 3»;%?r—g:;-\ﬁ;,y}ﬁﬁﬁgﬁ;#ﬁ.ﬂﬁﬁﬂ,?Pfg‘%,'\i‘&;‘%
AR SRS R ROEREY ChEe SR B - R T
SRR R S S AR R L EC SO s
Jo A BT o

f. *54v2. 7 % & (Hamed and Bhadra, 1997)

il N gj%@’%tg—h?;ﬁg‘@,)ﬁ@—’: ) g?iﬁ'ﬁ?u‘ﬁﬂ‘ﬁ‘@”‘ , ;:A{F]:




SOWERR Y 2LATRE R AR R AR s R

3)

(4)

B BET ISR D R

FHIEAZEOR-ELERTS TR VIFERE IEY T R
2B Gl ghb P2 AR A2 4 % s pHig 2 s ¥ 7]
%% 7 £ F2-k4pi% 48 (Dense Non-Aqueous Phase Liquid, DNAPLSs)
PR ERBESET  FEAN AL TS TS B LR
DNAPLsz # & » ¥ % H 7 it F F 48 B s sod F (blde
L&y it;x) P ES = st (Thepsithar and Roberts, 2006) o

T B4 R

Nyer# 4 (1996) % 4p & & 4 $jv ks if{/rji,ﬁfrP LA A
() @ HN LIS A M AR SRR E xwm'!:tmi AR
AL LNMEE S DV RERY oK 2 Abefok 2 (2) AT
RILEALY G ER R R BRI R
TR S S L5 (3) fP Bin- g g2 0 w7 g A
R LTRSS
ER AR LAy

RS et R B T ORF RSB o T 4 &L (Electrokinetic
Remediation) it > - fa4p ﬁq‘r,}ﬁr’ﬂiﬁﬁ (In Si ) L
2 F AR LK B A 4 B Kf f?® %2 B ' (Acar and
Alshawabkeh, 1993) > 5 ¢k » pt Fojppe7n v 2 g (Ex Situ) = VB 7/ * o
(SRR ARV ETEE LR Y LR T Ry
His pighis 4 238 ehy THFL “/T od AT I A Z TR FELT
R ERZ > P REd P TR {*»g v hiFd L eRE K H B A
FHEEx pP e FRE AT A R EERICRE R LR ;t»i’-’w“ﬁ
HR* 2 F A a? 3 54503 “,f (Shapiro and Probstein, 1993;
Reddy and Chinthamreddy, 1999; Saichek and Reddy, 2005) -

)
=

».

pEd

WFTF SR PRy s TR 2T R ERLER
20 FlAdies 2 ¢ FIA BN S LA A £ 3] o Suer® 4
(2003) fI* Tds 4 Fpprigbd FAEY G~ A R EE
£ AR RIn ek o DB FURHF B R RS
Bk, Wi B MR E I E g 4R B RS 2T 2
Big g BT I AR F R R e & B R e gt PR A
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Bk PhgAnn o

3z (Acar and Alshawabkeh, 1993; Li et al., 1998; 5781 ¥ & » 2003) -
Lageman (1993) *tjmfg 1% 6 4 Hjieid-2 889 cndy ~ 45 ~ 45~ 42 40
A SRRV ‘%7 @ Virkutyte® +(2004) RIfI* T84 Hp) L gy
3 f o Acar¥? Alshawabkeh (1993) 4p it > R # 4 Hojen g * 20 &p{ok
O R R Aok 2 AR - S AT RRA T o (i
KR RN R DE T R o U I I
FrZFa oY FRE S & 3% (Vickutyt et al, 2002; Reddy and
Chinthamreddy, 1999) -

Cox¥ + (1996) 5+ 7 eI A 5 4R Y # A2 Hel o £ )
TR E A E RS 4z&7¥% 43 i ; Thoming % % (2000) 7= % 4% T #
AR ESZRAHFT IR KRNI L F o BEARE F DT
Garcia-Rubio & 4+ (2007) ¥ 4 * b kAT ERAZHEHZAS
R S EE ,f ek o (v iE 3 5% ; Gallego-Blanca% % (2009) % 41
PR EA T E A R T ITT BT 5 AT R L
FEHREAP R B R APy TELMARL TR 2P Lk

¥ ek éji?i-j - R B4 FLENEY Y RR 287 7 0 Virkutyte
and Silanpdd (2007) ** SR @ 1% 3 AL ST H 4 2 N
ALK > 23 “f 25 7 :285% ;5 Gence et al. (2009) *t % F 88 G 8 )
* EK#&/-Mg ~ Pb% Cuis % PR e @ KR 0 H 2 “T BT A w5 18% ~
12% % 20% ; Li et al. (2010) ** 7 RWFE» ® 1 * 575 A-P-FFPH
(HPCD) it » % £ F #5 4 i% BS54 8 1 fUi KB 102048 11 1 cih B R
AN < S R “T 5 K ¥ 01 :E 3140% 5 Rajic et al. (2010) » & f a7
FI* EKE/5Zn~Ni~Cu% Cdi5 & @ Kk > H 3 "f P AW 5 37%
15% ~ 14%% 10% ; Colacicco et al. (2010) *t & ~ ff1* A& HE & T H

2B R AT IRiE P ¥ PAHs G L kL 0 B 2 "T e X ¥ £ 84%

Haroun et al. (2010) **9 2% 3 1 * EKE /SR & * S ®fe b /5
BRI > H2087 F kR T 4 R h R0 9 520% -

FRBEP RIERHTE S 2L ?‘1@"%"@’*
MRH NI RERY LR R EL SR - BT H A

PN FI Py q,w%:mW&(w%)%fﬁrﬁffﬁﬁﬁﬁ%
ii%hk’,lm‘s‘-ii%#msf R122 % o F5a R o FEla v 2 4 25 I
B4 RS S AE 54 A end O GER Y 5398 mgkg) o #F 21

11



OFIERR P 2 ATEE LA n R B R AT IR e R

%I’é’—i",ﬁz_, 7 iE90%11 o FREAMKA P oaJE L
R (15459 mg/kg) st d * £ 34t 3 1 2P IRE R
Lbﬂgnﬂnr@%(ﬁpﬂ”iA’2mn,kw@%.2mu)3<“;€ 0
R AFR IR JIF T8 4 2 Fenton- 1 148k 4h e & BAFTL Y H0
Binz & "2 G Ep2mds Tk BERIXL > 5 0%~ 11-
:ia%%ﬂiéiw%.i_,ﬁ4#éwf* ¥ ET5%11 b o Wang % 4
(2010) B3t S METF EAAF LY RIFREH T 84 02 50
LhF A (R G147 mg/L) ek TR (510,0000F) S 181 P chk i
RG> 7R A RARTEME B A TR R (10mg/L) -
1.3.5 3 BlifiE3 77 5%
AET B E R AT B R E TR RS ] 2
[ﬁ% » 4e t Yang ¥ Long (1999) f1* % & 4 Hjir & 5 Fenton i 2 IT‘ + 3
e fek ¥ hps 5 44 5 Yang &8 Liu (2001) I * & & 4 kv & Fenton ;2 2
“,ﬁ%:‘ f¥ h= & % 5 Yang &2 Yeh (2011) fI* T &4 2 f 24 Fe304/8208
AR R g oontEfR LY = F L2 1.2-2 & ¢ =5 Yang & Wu (2011) U
B FesOy MFR i » B &0 84 2 0 3227 5 2y Fios ’TI%\,E{\:‘ 2
NO; ; Yang ¥ Chang (2011) f]* % ¥ &% z%iﬁﬁ]{‘,’i N AR IR I L
3R S EEAEE R R R B E AR A
= & ¢ % Yangetal (2012;2013) 1% R84 F R E g it ipin e fin 2
Y AGLE 0V élﬁﬁ%“f 9 63% (1,896 mg/kg) 2. A kR » * &% 5 18
WA A o iTHeE K> AT RGBS TR S BN E 3 K s JHEE
B304 Gl TR B 0 RS ¢ LR AT 28
TRERFRTS AR G §HERE A ¥ 2T (Yang and Chang,
2006; Yang et al., 2007, 2008; Yang, 2008, 2009; Yang and Wu, 2010)

1.3.6 #2342 % &4

W12 ERFATFE (CPERE? 2MF - "ERRFATENLZ
RAU* AR & PRI ﬁf;p\ FHEAETY) ¢ AFTEFLEHF D
1 (1) AABPEREY BMF - " B s A B2 Rm T2 2
(2) 41* T84 2 e 5 F B Fes04/S08%% it 2 K’T P Sl 4 BRI A
oo By B%kEay (1) BBEREY VRN ABAF - P BAEE 64
HRF U Rhfig AR VB M RIE R I &ﬁigf_;;%/%gﬁ It mg/kg Jk
B (ppm )k B) %52 DEHP A § £ 2 T35k R (2886 pg/kg) % &+ kA

12



- F phgAn o

(5477 pg/kg) » W 5 TRE S F gt AsEE 2 P2 UfyEE 2 gL
PiE 146 B2 3.69 B 5 (2) AR Z Y EA AR SRR EISI TS 6 0 6
EREA BRI BB R L B E e § L2 T
TIRE A P AR FF'B.i:%gd FRA%2 SOs+ ~OH+ %2 HoSOs % % §
L& v #?kl%iﬁ POHRF Y phfig#g S '8 f2 > 2 DnBP ~ DEHP 2 DINP T
$ad o o s 5 94.04% ~ 65.47%% 99.58% 1 (3) Fie 1 i HNAE S T
fig 28 /5 4‘}%/}:“ BEiEAR HARF - P BRfia g it 84 & m’]‘@ﬁzﬁ’ 7 g kR
Mo(pptik R E ) A (4) AT 2T Me s K & 12,000 & /LT

E’ ;‘_/“\l&p f—y:r':” o

AL R 102 # R g E o S A 102 & R B TR
By fedue 'd e E” s CRFET AR TG EFIER B - <A
PRI 5 TRBFZFRPEHT L TETRA L FLT R TR 2
B 7 AT S AP a FAF - T s 2 Bt £ 103 £ Ez:‘%JE
M1 iv5 (1) ALL FERLD BMF -9 fafiqsg ~ BF - 7 Bpqgag s
B A R EFEE AR FEFE AT 2 Q) I R E S 2N
B4 FegOs(OH)x(SO4)y/H,02 % i & f PR E E SR Rt
CERVACTRAE LI E SR LR MEL () vFLR AL SOs . o
E¥IBAZ OH- > 29 ¥ 2 5 HE 7 (FesOg(OH)x(SO4)y) - AT
T 2 487 0 & * >t Fenton-like 2. 77 7 &> 5 (ii) *t B FEiSpF - éﬁﬁitﬁﬁ
ik ot "ﬂz&’ﬁiﬁiﬁ_‘#«7 (R R L

|~
=

3
Wy

102 22 1032 A 33222877 Py AT a g BN E B
AT A VAW AR S R Fn 12 0 U A RTIRB RERIFER O A
ATk m A Rk > UETEH P o E A (103) & B2 PHjiFH
O lE A %Eﬂ"@]r‘z\:t&uﬁu W 104E B F R g 2 a0 I E D
&R i

14 #7942
2“»?2‘%%% FH A ARI102& 112 25p 4= % XA F®103 £ 117 24p 1+ o
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SRR 2 ATEF RPN B RIS s PR

-
1.5 5%

AP RER Sl 1R

211 3357 %7

O B ] £

g 576,000
o FERERY F AT 447,000
3 PAEEEHEAR G 175,000
5 R R 0
7 st g 12,000
21
v FrcE Ry
% (5= NERAFLEED ™) 20,000

&3+ 1,300,000
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AT ED AL FIEAR Y SFMY - U A 11 AERY - 7 R
AR 18 Bl R F s 10482l F ER AT R R fE
N T N ey
SR g SRR R R WA Y S0
FELEABDBALE ETRFZRAFRECRERFRS FHH

&E—F@ﬁﬂﬁbﬁﬁﬁm PR P REF N E LT AR T
BEISIRE D T AE AR R L ﬁﬁvﬁ”’”ﬁ**4“fﬁ%ﬁ%§
G TR BE R 2 Y AN AR S E B A IRD A e

21 EFEREA D

FOFIEFRTFET FEFELTE O NERRET RELTF AT R
LR BT EREBERS G@hﬂ&’m‘&ﬁﬁﬁlmi%QE’ﬁ
mm)ii,a?»Zé,?; I S -
HALRE LBV LG5 RAER }\308% 3 OERCR6.3%2 F do Rk
62.9% c P Ar o BEAR A S L E R T B 2 AL E R RiEd R E
PR FRORA RSP AR R A FRBEE R R
IR BRI AR S 2 A EE % (FE T F L 2002) -

Fpst o AETERLFELIAAME > I ULk HE B (Ekman
Dredge) *" & 2 # B i ~ £5546 - TRIH - £ G~ T ZHAH2 BHH S
OiF i ghi> (LW2-1) &F& K ARREFR&SHEE P E LD (5107 )
Aok (110 B EREAY ) AN E2E 0 SR UBRAES  HE
e 120MLE FANERE (B A TR Y) iR Rk o X iR
ComAdE T » 2 1A% p A 17 A 47 o
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SRR 2 ATEF RPN B RIS s PR

® @
ERHRLEE

TEE

0 05 1 )
\ I Kilometers

S E i o>

F12-1 & 9% Rk 4 = 8 )

ﬁé%i%iﬁﬁwlfﬁﬁﬂ ?oAga A (1gi10mL). I @ * 424 & (Sonics,
VCX 750, 750 watts, 20 kHz) Z B~~~ #7 52 v 2 e § K¢ 45 (Eyela, MGS-2200)
ER ST ARSI o E @ P ARAHZ 25007 BmoRARTIAY TE o REA
TR EBALE R E WAgilente 71290 352 42 F pxiv ik 4P A 47 R 2 64307
Bz = £ 8 B it TR (R R R) A B AT R A L E R
# WAgilent= & 4 3¢ 4+ (Eclipse-plus-C18, 2.1 mm ID x 100 mm, 1.8 pum)
% Phenomenex 2> & 4 é&ﬁ:;‘: 11 (Gemini-C18, 2.00 mm ID x 100 mm, 3 pm) -

REHRPIIE D & IE8MEAF - 7 Bhpaag ~ LI AR F - 7 Bhpq g Bt
18f8+id 2 £ 4 45 % 107fé A FESE BT PR AT (Butyl
Benzyl Phthalate, BBP) ~ 8% = ® g = ~ fig (Di-n- Butyl Phthalate, DnBP) -

F - " g 8 % fy (Di-iso-Decyl Phthalate, DiDP) ~ #8 % = ¥ p& = (2-2 Bgo
#)fq (Di-(2-Ethylhexyl) Phthalate, DEHP) ~ 4% ¥ = ¥ & = ¢ fy (Diethyl
Phthalate, DEP) ~ 28 % = ® &= ¥ fig (Dimethyl Phthalate, DMP) ~ #8 3 = ® A&
= £ I fiy (Di-iso-Nonyl Phthalate, DiNP) ~ 48 % = ? gk = i ¥ fiy (Di-n-Octyl
Phthalate, DnOP) ~ #i8% = * B ¥ i = fig (Mono-n-Butyl Phthalate, MnBP) -

F- 7 pH ¥ 7 A A, (Mono-Benzyl Phthalate, MBZP) ~ a8 % = 7 p¢ 8 (3-%%
P #&) fs (Mono-(3-Carboxypropyl) Phthalate, MCPP)~ 8% = ® ¢ H (5-%# %

16



-2-z A 2L) Ay (Mono-(5-Carboxy-2-Ethylpentyl) Phthalate, MECPP) ~ 4% % =
"L HE (2-¢ A-5-2 e i) fy (Mono-(2-Ethyl-5-Hydroxyhexyl) Phthalate,
MEHHP) ~ #8% = » 28 (2-2 72 &) Ay (Mono-(2-Ethylhexyl) Phthalate,
MEHP) ~ si8 % = " po 8 (2-2 A-5-7 ¢ A) A5 (Mono-(2-Ethyl-5-Oxohexyl)
Phthalate, MEOHP) ~ #8 % = ? gt 8 ¢ 2y (Mono-Ethyl Phthalate, MEP) ~ %%
- 9 E " AA; (Mono-Methyl phthalate MMP) ~ 8% - " A8 B I fig
(Mono-iso-Nonyl Phthalate, MiNP) ~ #% f - " ¥ %75 (Mono-Octyl Phthalate,
MOP) ~ % ¥ & +k (Amoxicillin) ~ % * & +x (Ampicillin) ~ £ £ % 2 IV
(Cefalexin) ~ #g 72 v& 4k 4p (Cefazolin) ~ # # % (Chloramphenicol) ~ £ # %
(Chlortetracycline) ~ %[ & (Ciprofloxacin) ~ % 3 #= w I K %
(Doxycycline) ~ ‘= f&k % (Erythromycin) ~ ++ #% % (Lincomycin) ~ X 2% 2
(Minocycline) ~ & 4 70 & (Norfloxacin) ~ 2 #& % (Oxytetracycline) ~ # #& %
(Penicillin G) - é;é.%a% (Streptomycin) ~ & = F & (Sulfathiazole) ~ = %%
(Tetracycline) ~ ,‘ # % (Tylosin) ~ ¢ FE’=fs (Acetaminophen) ~ b v %]
(Caffeine) - ,3? . #2 78 (Diclofenac) ~ 1,1- = 7 & B A @ B B
(1,1-Dimethylbiguanide hydrochloride) ~ & 2 % #& (Gemfibrozil) ~ # ;& %
(Ibuprofen) ~ Ak ;& % (Ketoprofen) ~ % J‘g 4 (Naproxen) ~ & "= 7 ¢ ed
(Sulfamethoxazole) % = % i) (Triclosan) #4741 & 4 o

22 2wt ¢ 2 BB Eg

ARG H#E A Fex(SOn)akf2iz Wk s w8 £ 2 A3 E T+
@%ﬁ(ﬁM&mDﬁx%%ﬁﬁﬁﬁﬁuﬁm°&%%wcﬁ%%&@
(Sodium Hexametaphosphate, SHMP) @] & 2 5k % & 2§ 7 &%k » I%d T
ks 2 UV-viss £ B 2 % 2 K B S 28 FROFRZ BT B R E
WEEE T RN RERALFITGFE A e HE P REREEF
ERRETR Y BF S U B iR FRARS A 23 0 Sk Bl A R

g S T VIS L AT IS e FORE I kS e

2.3 AT KIS HARD b sk B
i%&;?%i%#iﬂpm’%“m B4 R ki R d BN IR
EEEE EHAALF REEELEH S FEKF B ks REF EE2Z LM
Fa-ig * 2 g M8F - 7 ffig 2 Pyrexst 3y > Hip@ %% 4 2 B &l - Bk
W2 AREFEZZINA BT LBHACR2-297 c 282 RAF BERE G
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EFIEREY ZATRS AT RAR ATAR I i PR R

"l

33 HARE 53 21 5 E210A ~ BS6.50 A ehiE b (F#9 5697
B AR) RIRF R AL A B AR AP AT 1 I A R IS
(0.6 um3t i) TR fEff > BAH TR EApEEI2 A - E* 2 T F & &

1524 2 32062 A 2 4k & ite o

EMERHES

=R BB R ERITR
BB RALSIEATL

i 1 + |

KBRS
-H)

BRREE

BAEM AR AR

FTNK)

WI2-2 7 %% 3 RAATH o & HTEEIS f Sn LR

TEA AR - MR STRAERERE ET LR
*#?iﬁ:’fﬁ" B (L5 Viem) z if & TR TR F - P BhfigE £ ks
A RR 2SRk TR R L FIER o Ep AL RR 0 R iR
WG ARLF BEFIAE2ZRPRS od RILF RERHE L7852 7 ff;
REEFRS AL FERL R EFTHIRER F 2P % 5 814p 228p >
WHRPTE D TFECERELIOFEDE N ESSFE T RFRE EE
aBR ’fﬁd R AR L IQE"Q*] IREFEFEYEFHRF - P RMEE E
A G F R B R B4 R SR E R Ao 2-190 7

2.4 F AR AEE L AT
AELLRERE GBI R R AF S U AR BRI AL
LFE o RREREGREAT 0 pHE - FRT R E AT R
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22-1 % R84 B W R KBTI FLABF C§ R%L S8 EE- T A

s TREE @ RERE Pt AR R gt e i i
1 B * Rk Rk
S # (1) £ FiEk s
(2) % pipdel0mL§ A
ES ' S5 i /-‘;“‘_7'
3 U 7 o(%80) (1) & §iEk g iEk
(2) % pp+l0mL§ A
4 14 2 (1) & FiEk & p /'T se8mLE | 2 Ek
(2) & pipte2mL § A
5 14 7 (%8p) (1) & Fi%k 5 8mLY Al gk
(2) & pipte2mL § A
6 28 7 (%15p) (1) & Fixk 5 p 8 mLY ) gk
(2) #pipte2ml § 4
(L) e TG LTRAGE S TR 15 Viem -

(2) Bz KR e 545 o
(3) ik %@?] d1 x4 Z 5720 Watts ©
(4) 10mLx i & 5 3 33 -K5 11&%710.3229 giE % i3 ~03878g% =& £ %2 4.0653 9= A4 ©
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SRR 2 ATEF RPN B RIS s PR

TER ko RRAGRIT 2 MRF D U Bfia 2 FHARRAR 0 TS H R i

& B EE SRS (S e R

ABUFRAR Y OE P R a2 B AT kg SHATRY
P g 2 RILF B KE PR L R RSETRF - 7 fhfa s
EES A RAER T AR A BRI R KRR SFE
PEANAE S L MEEREE S TR RE SR - U A B
Rt R o

AR R BB E P RS TAS R £ 0 R
RAFT RS R AR R L 5 T R REARF RER ] ET

KERA > & pARER e ~ R BRI 0 L BTEN E ke 2

262 TIEW HE & T iplBh2 pHE R P

LRB S F ORI p RS TR R pHE
YL R R BT iR 2 pHIE % 1 7

263 ’%i%'%/mkl?ﬂ,m ‘%'L)ﬂ

RIS TR RN EROLEE A
z lz:l:
=]

27 WE - U P dE R FHUS R G BB
AR R FEHE AN e S HE FRIERE B
CE BRI B AT BT S VAR B AT A in b e

PHAITT 2 RS RTEY 3 A e S R B M E
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24 sl o, o= A 2l s %”rj\.i‘ﬁ z-i é‘L
MR PR A B TILE 2 RS R RIE R T A & &;; ey
oL - P . ¥ . ’
- 5 L s b 2z X “%;ﬁi 'gt ﬁ-_ S =

sl A SRy -9 fis fig 5 e A
BRI RIL T A F

= &

LG

=T /L {E‘gl’ri'" o
R R ERG Y - HIER AL 2 PR
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FZ R BFEHB

AFTHRERRRARG RS 4 L FIEAL Y BF T Rl B F
S TR 2 B SAN A (RIREERE 247 ) AT S R
JREE CREAIMTO S N as AL 22 HREREAKZ 60 (3
lego eu) 84 2% UTRAGEPED 2 BRES

3. L FIERRESAAA

RET G N kB 2014£ 17 27p 2 47 15p 1945 A etk B 5 éE%I%»

Btkok et 42 T2 RS 2 (S10262B)  H B p 4 FEAE & A

ZAFH L GRARZEBH o MA L FELR LR H FEH T 2
ﬁ%ﬁﬁﬁ%i BiEE (LB2-1) 2 RS 5352240 o

BB PR 58 38 B (Ekman Dredge) i€ (7 4 & Ak o3 & o
2% 120 mLe FANR % E (CAda 8 7)) Bk EREER > ¥ k34
CrHRASEET R ENI4I R EFTLAIT R H &S RILL B £ 7tk
BB EREEFRBRATOL2 TI g kA RS2 —F 82 (NIEA
S280.61C) | ~ "4z 3 i ¥ B~;2 (NIEA M167.01C) ; 2 "# %2 i-;2 (NIEA
M183.01C) ; & {7k &wi L (8 > £ 354 v § k%5 (Eyela, MGS-2200) ~ w
BERE BRSO EFREIY LAEFFEREY SR FHRETURPEITZ
£ Bue i T & (Agilent 1290 HPLC/6430 Triple Quadrupole Mass
Spectrometry-ESI) i {7 &k ¢ 8FEMF = ¥ BhfgsE ~ 118 F = 9 fofinsg &
W~ 1884t R E S A2 10fE2 it 2 B 7 A4 GRlolikdpie L
fr— )

3yﬂﬁ@ﬁ&g;¢ﬁ&%@%(iiyn’i%ﬁﬁ%%ﬁ?%ﬂ3
ﬁ#?:ﬂ&awwﬁﬁi:“mmwﬁﬁhﬂﬁ%#@“b# ’

1A AR F Mo L FLRDE FGHTRERE R :ﬂDEHPﬁ;@"/}aE
(2,458 nghkg) & IR & Faptha A A EILE ¥ 2 UL T UE (197
mg/kg) 21256 » e R Flg =P UE (19.7 mg/kg) > @ 44+ = £ $& 2 DEHP
Tk R (1,098 pgkg) mgkgk R (ppm k&) %% > ¥ DINPZ T35k
B7reiTmglkglk B 3 o (T 350k R 944 pg/kg) o Bl HARART F R T 4
PERFREGEER P HFERFAS G IFFS AR RLY R4
G A AR DER R RSB o F 1 HT2003F § L FE
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x ?/ Bk P 2 3TES jr'-‘*"’m p% 5 3T ;T gzrﬁiﬁ%’%

Bif ® 4 IDEHPE & 571.87mghkg 5 A {23 R NER (Rl d b
BHE) 229246 0 d BV AT SR § A FORYE EILE AL ok
BoSBHREECRNZBF - PEREATRRAY P ERLETHE
FHITOUE 0 T OMF - T B ATER Y Sk Bugkelk B

)T o

£3-1 L FERR Y MF U s AF Z U Ml N 2 B A Y
EREZDBARSE

oy RT3 (ng/ke)
el B ik &Ii'\‘iﬂi — — -
(pg'kg) REME  EWIE TR  BES ZEWKRE B
(m=4) (n=4) m=4 n=4 w=4 (n=4

A X = PAEN
Di-n-butyl phthalate (DnBP) 1 145 (100)y 335 (100) 175 (100) 377 (100) 198 (100} 418 (100)
Di-(2-ethylhexyl) phthalate (DEHP) 1 344 (100) 189 (100) 437 (100) 1098 (100) 209 (100) 556 (100)
Di-iso-nonyl phthalate (DINP) 1 264 (100) 101 (100) 351 (100) 944 (100) 162 (100) 542 (100)
H¥ = PR E WA Y
Mono-n-butyl phthalate (MnBP) 494 (25) T777(25) 589(25) B819(25) 541(25) 907(25)

Mono(2-cthyl-5-hydroxyhexyl) phthalate (MEHHP) 12(25)  17(25) 88(25) 48(25) 40(25)  66(25)
Mono(2-ethylhexyl) phthalate (MEHP) 259(25) 562(25) 921(25) 448(25) 155(25) 313(25)
Mono(2-ethyl-5-oxohexyl) phthalate (MEOHP) 3(2%5) 6(25) 15(25) 5(25) 4(25) 5(25)

1
1
1
Monomethyl phthalate (MMP) 2 ND ND ND ND 4(25) ND
1

Mono-iso-nonyl phthalate (MiNP) 6(25) 35(25)  232(25) 133 (25 ND ND
& B

Cefazolin 40 ND ND ND ND ND 61 (25)
FI xS S EE ]

Acetaminophen (ACE) 1 ND ND ND 3(50) ND ND

TE (1) IR oF % 201451278 ~4A158 « THZH ASH228 + 'n" BI% k= ko -
(2) 4556 P9 SLU FT B "t (%)"
(3) ND&"Not Detected" + F 57 b th B Db o7 ik WARFR - Bp" it " -

SRR R R RS R AT (LA32) 0tk B i N L S
AW OARCE KM S 0 B9 > 45k 2 % $iER A ¢ DnBP ~ DEHPZ DiNP
RTLRFHER L LY INER  H 954698631 « H ik kT 5
%*ﬂ@%&%%iiﬁ&ﬁ’%*i%ﬁ%%%ﬁﬁ%*iﬁﬂi%%
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= 2 4L P 21 24
g}?;.ﬁ- ..:3%.‘;5"?7}‘346

232 £ FUEAS S BF S T MM MY S T R S F AT
ER YIS KRE 2 RO H 2 R

R R (pe/ke)

IR B oo - ey
(n =12) (n =12)
2T T
Di-n-butyl phthalate (DnBP) ! 492 (100) 57 (100)
Di-(2-ethylhexyl) phthalate (DEHP) I 779 (100) 166 (100)
Di-iso-nonyl phthalate (DiNP) 1 642 (100) 146 (100)
WA — F oA M A
Mono-n-butyl phthalate (MnBP) 1 344 (50) ND
Mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP) 1 23 (50) ND
Mono(2-ethylhexyl) phthalate (MEHP) 1 221 (50) ND
Mono(2-ethyl-5-oxohexyl) phthalate (MEOHP) 1 3(50) ND
Monomethyl phthalate (MMP) 2 0(8) 0(8)
Mono-iso-nonyl phthalate (MiNP) 1 34(32) ND
It F R
Cefazolin 40 ND 5(8)
XSS L2
Acetaminophen (ACE) 1 0(16) ND

() RN S D 2014818278 48158 ~TH28 A8H22E » "n" BFE 2D -
() HAME At ZRRF4A 47 - M WA AR FES-108 47 -
()R M M AT AR E (%)" -
(4) ND & "Not Detected" + Fo b iR B Db ik AR - Bp Rbd” «
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EFIEREY ZATRS AT RAR ATAR I i PR R

32 EiniEsk AR KiRE A A KABT AT

AETRE A B 2 RS REG2014E37 6P EA L FIEFEH
W (¥l a8 % 0 £ 54H2 ALY DEHPE £ 5.8 » & FIIR¥ &2
FPEREAREHRRLAR S < h pDEHPZ 23 2 F®4F) - H 16 L4
Hiz AR 8 7 E 8- fRPRps (KA 5500 pglkg) i 4e (145 & 1=
ABRE L GHT N2 pgkee fiteps (ACE) AT ER 0 i H S
BB E AR PEFAAET A B AR5 40d 3357 > &
FrEEpHE (R4EZ) k222 (E23) 2 (ER2) KB F (£
BiR) v kiE st (Fari2) 2 3 8B5F 78 (082) SR AT KRR P
o g LC-MS/MSA 475 7 2. 8% = 7 Fhfig#i 2 Eapk A - 4 (Tl
TH 4 BB AIT AT TG AR R o

233 L FEARRERAIMNLT AP R R

%R ¥R E
pH & 7.53
ke g8 22.8%
g 1.70
FUIE 37.5%
s

<0.002 mm 0.85%

0.002-0.05 mm 0.35%

0.05-2 mm 98.80%
tEa #j+ (Sand)
FTWEZE 2.18%
DnBP 7 & 275 ng/kg
DEHP 7 & 629 ng/kg
DINP 7 & 403 ng/kg
ACE 7z & 487 ng/kg

RS R R -
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33 2k a4t pRIERUS

MY A& ik BRLoan et al. (2004) % Wang et al. (2013) it § & = -k iz
EREBFE N BT EFE T2 L AR o 25065 & KA L R
(Guangdong Guanghua Sci-Tech Co., China) ¥ » 500 mL= & &5y (g #85°C
243 oR) ¢ o 85 CoRiF A2 100 spmpFiFiE T o @ AR NIRTE
B -k (SB-9D, Hipoint, Taiwan) Jp| Z] 3% F 1] BF{s - -8 = 18 2 Rt g
# (Universal 320, Hettich, Germany) % 24 # 3 -k>+3000 rpm#% 204 452 3%
TR a3 » B fd > Bigieis 2 JFJ{T;,Q BOYE 74 k0% (FD-Series,
Panchum, Taiwan) iz '%24-] E% T RH R EE PR ALY L
CEPENE E REY o IRE R T T B A (ESEM; Quanta 200, FEI
USA)~ 7 % 3% 7 & B jicst (TEM; Cm-200 Twin, Philips, Netherlands) ~ X5 &t
£ 47 4~ 17 %k (EDS; Genesis xm 4i, Edax, USA) %2 % # it Xk ¥+ % (XRD;
D8, Bruker, USA) &7 A 8t~ &2 2 7% &2 A 7 H o478 % (L
BI3-1~ Bl3-2% BI3-3) Bor > 27 &2 3 s FE 7 H BEIERM
(F 25 % 100-200 nm > F B R IRW o Fk P20 £ 9 5200-500 nm 2 FH G
20nm> ¥ = A FERL s Y F 8 7 (XRDEG# 4p 123t Eskandarpour et al. (2006)
% Wang et al. (2013) enf 3 = %) o ¥ ¢ > F ¥ FE 7 (4 F 0L
FesOs(OH)x(SO4)y (x =8 —2y%2 1 <y < 1.75) > ## 7 5 - Hrmit§ &=
2.2 F e R it B30 s 2 pe Wang et al. (2013) ™ Fe% Si B #ib
SRl 2 o 2 jpd Xoka £ATE A 47 R Bl (L BI3-4) k¥ ArFer S2 %
B fct 58229 1 1771 iz A PV E L X RS HEFE NG
FesOs(OH)4.56(SO4)1.72 ©
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LFEREY 2FBFLF A AR %-‘r;T';TIFLi*' B R

25.00 kV‘ 30000 x[10.2 mm

BI3-1 * 8 &2 ks iFd 72 ESEM¥P kB
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= 2 4L P 21 24
% = S x;-%:;f ¢ﬂ’§%

Lin {Counts)
2 5
;:___
———

¥ ¥ & 2
1—0"—-'-
—=
i
——— .
e
—

_t |
Mlhv' ﬁ W ﬁf{‘li] ,#| “ J f

E = - 0 o ™ = w0

2-Theta - Scale

B3-3 tH L2 K aw L 2 XRDA 7 Bl H#

Count
EDS Quantitative Results
555 Element Wt % At &
FeL 85.00 82.29
s K 11.00 17 0 L
200 Total 100.00 100.00
T
i1z
100
el
50
25 Fel
. i - P WMM..PMM idi b aheiddis,
0.50 1.00 1.50 . 4.00 4.50 5.00 keV

FI3-4 8422 5% S48 72 EDSHH#

B #lE 2 ai N aw B 2 ki r 2 BAIRZ S BEAR A
(Showa Chemical Co., Japan) -k % (= A EpHE 2 2.5) » » % PHockridge
et al. (2009) et ip] > 2 5 @ * ¥ 0k & sk sk B 3E (Genesys 20, Termo
spectronic, USA) *+ /4 & 900 nmi& {7 /s 2 vk & £ R > K17 haipadp/
R R EAgot 1401 ARk RS HEE o

Fobo A P FL RS- FALALERLY PR AR S22
RN EREHFLESIRE TR ABRH S FAIL R L B
WE S FIANE A4EL P o AT 7 4PFRJohnson (1990) ~ Wu et al. (2001) %
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LFEREY 2FBFLF A AR %‘r;’TEIFL%’ B R

Jaiswal et al. (2013) it & & =2 KRB T8 72 & *3E% o 250514 K &8
fé4fit> A (Panreac, Spain) ¥ » £ F500 mL2 &+ -k (R E* = F) 1 L
PE (Polyethylene) 3 ? > **pH = 1.6:5% 2 » {¢ * 464 #v @ 718 8424
Qs R 25 MKOHA 22 55 pH= 12 %2 Bifi B » 60°C 44 ® 1t
i©5% » Bfs > ge % (Universal 320, Hettich, Germany) #-R 1577 e%f ko
wiEF A TR OYE 7440 (FD-Series, Panchum, Taiwan) iz'&24-]
o TR 2 N B EHE AL R LA RPN EREY v B
R EFE 2L L Bt S (AoRI3-5 - BI3-6% BI3-7) Aor 0 48
LA BT A 515 x 340 nm (@ x L) > B E ks o 0 r A

- ,
=
)

HV mag WD |spot| det et 11101 Re—
20.00 kV| 20000 x|11.4 mm| 3.5 |[ETD NSYSU

B35 it § & = 2 %4487 2 ESEMF (5 Bl
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*:b
I

E- ek 21 2
§ BEeH

B3-6 1“5 £ & 2 3 4487 2 TEME )

%00
ane
g 200
g
£
=
-]
100
10 » ® @ = w0 n w0 %0
2-Theta - Scale
BllFbe: 033FEO S - Start 40,000 7 - En: 50,000 - Sing: 0,100 7 - Stap i 3.8 - Avoe: Cu - WL1: 15408 - WLZ 15447 - Generali K¥: mn - Gamartor miA: 1.8 - Craabon 20143401 {7 168014 - - Trwt

[8100.008.0007 (21 - Gowtt - alpha-FAIOIMI0 - ¥ 0875 % - dm by 1. WAL 15400 - Driborhmbac - # & 59000 - b 895700 - & 3.02100 - ipia 50000 - bed B0.000 - garmvna 50,000 - Prisires - Phem fi7) - 2 - 13

BI3-7 B &2 F s 4872 XRDA 17 Bl 3%
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OFIERR P 2 ATEE LA n R B R AT IR e R

3.4 MRS

A WG 22 S B R AT T T ik 2t ffi’ﬁ"
ST ER R RS EET24mL ¢ IS LR E 2 A AR
Pooopmlde r 01939 g i B k2 0.0211 g £HEHR & o &fﬁ%S
mL 2 3+ -k (77 1%EF v 3)> 3 200 rpm FHFET > @i %
#= i # (SK-6, Shin Kwang Machinery, Taiwan) # §#=§F 5% » & p ‘«?Jf e
3.23giEF b d (RARL35S%)yMAEL I LY 54 1%EF FAE (E
F & P2 A 28 F w2 (USPLL,2014) -

%mwﬂ; 5 AT 2 sk S % A B 4o B 3-8 2 B 3-9 #7 % 03 0-0.5
PE Y™ 2 DnBP -~ DEHP ~ DiNP %2 ACE "2 & 52 4% > 2§ 1L
F@ﬁ%ﬁzJ%ﬁﬂ2J@éyﬁg¢g;ﬂ%§uﬁ?L3Bﬁ@ﬁﬂ?’ﬁ%ﬁ
PR EF g L s ki fbiﬁ?lli:é 0.95M » fe:ri“"ﬁzé
R EREN > HARL R RFIEALGHELTE PR ERA
FA TR P IEERE CRIE S AT S R 0 F ‘“#E;E'H‘i IR 3
S R YR IR SRR RS R e Nl S IR B IR T
R ik @ DnBP ~ DEHP ~ DiINP 2 ACE z } »cd&ff =3t 5 p F RPER 5 > %
WY 72w d KA Y DnBP -~ DEHP -~ DINP 2 ACE 4 42 & 4w ¥ iZ 7|
94% ~ 56% ~ 53%% 100% > @ 4 457 2B 5 91% ~ 55% ~ 46%% 100% »
PR RS AT BEARAME T2 LR 2 4 2§t R 458 7 (Burton et
al., 2008) » fe #3075 A fr chd ip v WdF2 Foko Bt e L B
AEBHIS TR EY R ERES LY o
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Residual PAEs and ACE conc. in sediment (pg/kg)

= 2 4L P 21 24
2)1;_3- ..:;%.‘;?izfj’f,ﬁ

800
Addition of 5 g sediment and 5 mL DI water to the reaction vessel
SHM dose was based on the initial molar ratio SHM/H, 0, of 1:20
Daily injection of 0.95 M H, 0, into DI water of the reaction vessel
Novel Fenton-like remediation of PAEs & ACE-contaminated sediment in the reaction vessel for 5 d
4
600
--DnBP
--DEHP
=&~ DiNP
-8~ ACE
400 4
200 | hr— —a
__._
0 . S ® 3
0 1 2 3 4 5 6

Time (d)

R13-8 * & & 7 ¥4 2%% /A& ¢ DnBP ~ DEHP ~ DiNP% ACER ¥ ik &

Residual PAEs and ACE conc. in sediment (pg/kg)

800

Addition of 5 g sediment and 5 mL DI water to the reaction vessel

Goethite dose was based on the initial molar ratio Goethite/H,0, of 1:20

Daily injection of 0.95 M H, 0, into DI water of the reaction vessel

Novel Fenton-like remediation of PAEs & ACE-contaminated sediment in the reaction vessel for 5 d

L
600 F
-l-DnBP
-&=DEHP
=&~ DiNP
-8~ ACE
400 4

L 4
p

200 - =
— -
0 @ @
0 1 2 3 4 5 6
Time (d)

B 3-9 4-48 7 FLr i % Kk ¢ DnBP ~ DEHP ~ DINP 2 ACE # ¥ )k &
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BPERF Y LATES AP E AR AR R R

AL SR A TR PR RERE LR R AR
ﬁ’i’*’??ﬁﬁ.ﬁéé\fé’ﬂi‘iff B b LR ﬂHv T F A e 5 % e B 3-10 (a)-(d)
STTT o0 38k 50 Bz ESEM #hAEm 0 F RN E BRSPS VEER
BB R R 2R R <o d By (50-2000 pm) ## % 5 Bk (2-50 um)
S HP g Te ﬁm} 545 pm ' 13 245 pm e ¥ ¢k > 334 5000
(& 2",:1 ESEM ® i kgw > % F BRI F » VEFERZINFICEZRALLRE S
oo € X TIF RBRE R R g @ i«}%;ﬁ;ﬁ_/{ﬁig,@%@d‘ R
TR EERARE SBRERET 0§ PR g R FIeRERAL L B
TR F R F AR LRl 2 e
FOOBZE KR BRI E S ook BB ETE S B Mg ety
i A e R gﬁﬂl‘lﬁ&]‘ﬁ‘m@ﬁﬁ » ¥ ¥ 4§ (- ® 2 K& ¢ DnBP ~ DEHP - DiNP
5 ACE 2.5 »T3&f§ -

B 3-10 (a) R 4sim &R SEM B+ 2 % 50 )5 (b) R4sim " &k SEM
B~ % 5 5000 ) (c) i 4 ﬁ’?f’éé‘% {62 7" &k SEM Bl (%%
250 2);(d) B E RS2 P AR SEM B (o4 i

5000
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Mﬂi’#ﬁﬁ“‘:‘?' |+ g “%ﬁﬁé’% ﬁ:.w@:év‘#r& B F 4
%ﬁﬁﬂ%* iﬁILLQWb awbuo

Tood ke (R42-1) 2% >z 5 () £ BElrpHE2 %
L’iiﬁ%ﬁﬁ%&ﬁ%ﬁ%%ﬁﬁ%%«ﬂirk?i%+k§%&
(pHiE) 7> 2 —F #&i2 (NIEA W424.52A), 5 (b) AT xd L
iR A AAEZOImLZ A E FiEfT é‘:#mmy.u 2 #WHEER ()
FRetsRApHEZ A F > 1 &2 2B Ty FEF Rk T2 24
HAtek® (pHE) Bl 32 — T 4,2 (NIEA S410.62C); ; 2 (d) F B &
iﬂﬂﬁﬁ?%aiﬁﬁ’ﬁtﬁ%ﬁﬁ%ﬁ FEF RS EHRT L2
ok g ERES 2 —F 82 (NIEAS280.61C); 2 T4g4 s 552 (NIEA
M167.01C) | i {7 # 5 E@W,g A EREY LAEFEREY R R %
FEURAENTZ £ B iR T & (Agilent 1290 HPLC/6430 Triple
Quadrupole Mass Spectrometry-ESI) i& {7 & /& » DnBP ~ DEHP ~ DiNP% ACE
ZEAIT O MOET H A BEREE A WP 4T L
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£WIERR 2 AT A A F R B2 RIS B PR

351 % lled 4 8% (79 #F%)

Ak u B EI R ISR R L FIER 2Pk (pHE
7.64~ 8T & 3126 mS/em): THEM FE* 44 F THHE TR (1.5 Viem)

—% ;\‘4 "v‘@’%t o

R H A K R14p 15 A}Eﬂjif.‘,fé; “BEERpHEZ #0 ~ AH T 53
B R S F s RRpHE 2 A F 2 F s KR PAEs2 ACER F ik &

s
2 AR % A AT
(1) & ~ B foft i pH g 2 %
PR RI3-115 % Aom > > R8s 4 & LR 15 0 15~ B g th i pHiE & %)
51212190 >0 1-14p B > 1ot 2pHiE X g M+ 2485 (14
P s pHIE 2 1228) 0 & Btk 2 pHiE 2 ER T 4485 (147 &
pHiE 5 1.57) -

14
12
10 . . .
EK remediation of PAEs & ACE-contaminated sediment for 14 d
) Anolyte: Dianbao River water R
= g Catholyte: Dianbao River water ~#-Anolyte
-E Electrodes: Titanium - Catholyte
z Constant voltage: 48 V (i.e.. 1.5 V/cm)
6 t Initial river water pH: 7.64
]
[~
4 L
2 -
O 1 1 1 1 L 1 1 1 1 L 1 1 1

Elapsed time (d)

W3-11 £ # 4 FisPAEsE ACEiS 4 Tk AL & e o n] (59 #5%)
—s s B iR iRpHE 2 %1t
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) AFTHEEIEL I

PEEAY 0 @ R AAR L0l ML B EFEFR RSN E
i@ &@°ﬁ%@&ﬁ%%ﬁﬁ’ﬁﬁ%iﬁ@mB@,ﬁbﬁij
EaD

100

EK remediation of PAEs & ACE-contaminated sediment for 14 d
Anolyte: Dianbao River water

= Catholyte: Dianbao River water

E 30 | Electrodes: Titanium

~ Constant voltage: 48 V (i.e.. 1.5 V/ecm)

Z

=

=

5

= 60

-3

=)

jrest

@)

= 40 F

v

>

=

=

=

g 20

=

o

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

F13-12 % # 4 £ 5PAEsZ ACEis 4% §ik AR ¥ Leidsk e (5 25%)

El‘f /7$_5§/r| /rl'—%7 %]L
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LFERIFE Y 2 ATRE R T AR R AT IR B R

(3) F Juts Rk pH g2 A #
PR3- 138 5 B > S04 F R14p 16 0 B RFpHE S PIpkst

kAR R IMRITH RS2 pHiE (pH =6.48) F % 5 T2 R % o
7 AT RS2 pHE (pH=11.6) Bl 5 v% 5+ 2 2 % o

14
EK remediation of PAEs & ACE-contaminated sediment for 14 d
Anolyte: Dianbao River water
12 L Catholyte: Dianbao River water
Electrodes: Titanium
Constant voltage: 48 V (i.e.. 1.5 V/em)
19 | Initial sediment pH: 7.53
=
R 8 B
=
@
£
= 6 [
@
wn
4 |k
3k
0

0.25 0.50 0.75 1.00
Normalized distance from anode reservoir

B3-13 7 8 4 & 5PAEsZ ACES %2 FiE &K 5 ek io ] (29 RR)
—F s R pHiE2 A #
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(4) F ts Rk PAEs 2 ACER G LR 2 A~ %

RHB3-142 %87 » 53 # 4 F Rl4p t6 » 2 &KL ¢ DnBP »
DEHP ~ DINP2 ACER § L B2 A F A 364 F pa 2. A Fw
et H #2543 (1.5 Viem) i T > DnBP ~ DEHP ~ DiNP% ACE2
Td g S B 5 1%~ T% ~ 12%% 47% 0 B itmand a8l e -
HFER e PERR L AT AN B IHE T L 250 RRe
Bl HAEE I RIFLHE TH4 FHew2Z {RE -

1200
EK remediation of PAEs & ACE-contaminated sediment for 14 d
Anolyte: Dianbao River water
Catholyte: Dianbao River water B DnBP
1000 Electrodes: Titanium @ DEHP
Constant voltage: 48 V (i.e., 1.5 V/em) DiNP
Initial DnBP concentration in sediment: 275 pg/kg @ ACE

800 | Initial DEHP concentration in sediment: 629 pg/kg
Initial DiNP concentration in sediment: 403 pg/kg
Initial ACE concentration in sediment: 487 pg/kg

600

400

200

Residual PAEs and ACE conc. in sediment (pg/kg)

0.25 0.50 0.75 1.00
Normalized distance from anode reservoir

W3-14 7 6+ i PAEs2 ACE/ S 44 ik AR 5 1ok e (39 #5%)
— F 18 KR FPAEs% ACER FER 2 o #
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LFEREY 2FBEFALF A REZ %%;TEIFLH B R

352 %283 # 4 FEk

AR u A EE R AR R L FERE 2Pk (pHE S
7.64 ~ ¥ A 5 1.26 mS/em) o ¥ b STH R A p g 403878 g7 oF ok
RAFE 203229 g F d o et BRI epH =6442 HT AR G
533mS/em > T FEY LB THEHELITE (1.5 V/iem) * 38255 4 o

RE4 FEl4p 2o A ulkis -~ BiefRpHEL #1 ~ AR THER
B2 %I S F Rt REpHEZ A F 2 F 15 A EPAEs2 ACER ¥ kB 2
A A U L

() &~ B kpHiE 2 % it

B EB-1S SR AT > T he 4 FRLD 160 1A~ BRI e pHE A B %
L11.8% 24550 1-14p B > 2B f R 2 pHE R B SR 1+ 2 484 (14
P s o pHE 5 12.39) 0 @ H & i 2 pH AR>Sk T 4B » 1 48] (14
P % pHE 52.55)

14

12 F

10 - . _

EK remediation of PAEs & ACE-contaminated sediment for 14 d

) Anolyte (Dianbao River water based): Daily injection of 0.3878 g SHM and 0.3229 g H,0,
&g Catholyte: Dianbao River water
. S
= Electrodes: Titanium
z Constant voltage: 48 V (i.e.. 1.5 V/iecm) ~+-Anolyte
% 6 Initial river water pH: 7.64 - Catholyte
=71

4

2 }

0 1 L 1 1 L 1 1 1 L 1 1 1 L

Elapsed time (d)

W3-15 § 64 i:PAEs2 ACE/5 42 F LRk 520 5% o —
A~ B m Y e pHiE 2 5 it
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2) AT BE R

’éﬁ%i@fi“ R Bl 2R 500 mLz R R AS
2 MR R PR BI3-16% & BT i
- F 0P 50 ARSI EREME 0 F 14D 12
nE 2322mL e

m
\“L

7}%”&?2‘

~

’q_?_' 4}:)@3B¢?,Fg&pg4%

£

*

7

N

sl

S

100
EK remediation of PAEs & ACE-contaminated sediment for 14 d
Anolyte (Dianbao River water based): Daily injection of 0.3878 g SHM and 0.3229 g H,0,
= Catholyte: Dianbao River water
E 50 | Electrodes: Titanium
~ Constant voltage: 48 V (i.e.. 1.5 V/em)
Z
E=
=
S
= 60 F
g
=
o
= 40 F
v
2
-
=
=
£
=
@)
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OFIERR P 2 ATEE LA n R B R AT IR e R

(3) F Juis Rk pH B2 & F

42

PR E3-178 %47 > ST 84 F Rl4p & 0 H R pHE X TIpist
AR R IART iRy 2 pHiE (pH = 6.41) F 9% 5 T2 B %
@ AT AR 2 pHE (pH=10.53) B v& 5 F 2 2 3 % > JL IR % 4p 1030
Fleaddd BH (20 3%) 5% -

14
EK remediation of PAEs & ACE-contaminated sediment for 14 d
Anolyte (Dianbao River water based): Daily injection of 0.3878 ¢ SHM and 0.3229 g H,0,
12 | Catholyte: Dianbao River water
Electrodes: Titanium
Constant voltage: 48 V (i.e.. 1.5 V/em)
10 | Initial sediment pH: 7.53
=
- & I
=
]
£
= 6
]
wn
4 |
2 =
0

0.25 0.50 0.75 1.00
Normalized distance from anode reservoir

W3-17 T8 4 B PAEs2 ACE5 4 & FiLRF %2/ 85% v w —
F RS RFpHEZ & %



= 2 4L P 21 24
"}1:_4- ..:‘—;%J;::'f,w‘}f_.ﬁ

(4) F ts Rk PAEs 2 ACER G LR 2 A~ %

DEHP - DiNP2 ACER F R AR v 7 T2 4% » EARAFERAL T A5

T B3-18% % kT > 5084 & kl4p i8> 2 &Kk ¢ DnBP ~

v

§ 483515 82 + A § £ & § 5 DnBP - DEHP ~ DINP2 ACEZ % 352 %
w5 88% ~ 37% ~ 28%% 100% o
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Residual PAEs and ACE conc. in sediment (pg/kg)

1200
EK remediation of PAEs & ACE-contaminated sediment for 14 d

Anolyte (Dianbao River water based): Daily injection of 0.3878 g SHM and 0.3229 g H,0,
Catholyte: Dianbao River water

1000 Electrodes: Titanium B DnBP
Constant voltage: 48 V (i.c., 1.5 V/em) © DEHP
Initial DnBP concentration in sediment: 275 pg/kg B
800 | Initial DEHP concentration in sediment: 629 pg/kg DiNP
Initial DiNP concentration in sediment: 403 pg/kg BACE
Initial ACE concentration in sediment: 487 pg/kg
600
400
. N N N N

0.25 0.50 0.75 1.00
Normalized distance from anode reservoir
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F Rt R FPAEs2 ACER F kR 2 A
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353 %323 # 4 FEk

Apgeu A FEE R SRR R L gk B2 Pk (pHE S
7.64 ~ T & 5126 mS/cm) > ¥ b HARR RF P ‘/,1“4\20.3878 g3 K &
R L 203220 gBF M E 0 e ls 0 BB kA epH = 6442 BT R 5
533 mS/em > THRMFTE* &£ L£H > THEHFLTR (1.5 Viem) = 5% 4e o

WHESP EFREELER > AT LT RERLEE S DL S BEY
i fi%ii SR BE 0 Bt Y AT A2 1A~ R R A2 o

RE R ELAP B0 A ks~ BiERpHE L # 1 ~ AT RS
BRI S F RS REpHE 2 A F 2 F Jts Rk PAEs2 ACER § kR 2
1R e e
(1) &~ B iepHiE 2 %1

I B3-19% %81 > 284 & B1p & KBl RpHE A~ &%
S11.8%2.63 5 > 1-7p B » 15 ~ B i&fh e 2 pHEAR K T 455 7 14k
(*%7p 5 pHEA vuJ 2124%2241) 3 58P B4 7T fRia i
Wi KB RpHE T B F2 cc% 2 F Bl4p (s 2 pHEA & 53.44

% 6.18 -

14
Electrode polarity reversal
12 F - Anolyte (before)
& Catholyte (before)
10 EK remediation of PAEs & ACE-contaminated -0~ Catholyte (after)
sediment for 14 d {F Anolyte (after)
== Anolyte (Dianbao River water based): Daily injection
ol - of 0.3878 g SHM and 0.3229 g H,0,
2 Catholyte: Dianbao River water
z Electrodes: Titanium
26 Electrode polarity reversed on Day 8 >
é Constant voltage: 48 V (i.c.. 1.5 V/em)
Initial river water pH: 7.64
4 -
1
2
0 L 1
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Elapsed time (d)
BI3-19 7 # 4 A :PAEs% ACEi5 4 & iRk 530 i8sk o w —

5
%
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EK remediation of PAEs & ACE-contaminated sediment for 14 d
Anolyte (Dianbao River water based): Daily injection of 0.3878 g SHM and 0.3229 g H,0,

= Catholyte: Dianbao River water

E 50 | Electrodes: Titanium

~ Electrode polarity reversed on Day 8
E* Constant voltage: 48 V (i.c., 1.5 V/em)
=

5

= 60
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= 40
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E 20 }
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0 1 2 3

Elapsed time (d)
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W B3-21% %81 > gad4 F Bl4p &> B REpHEY £ |
2 T r] fé%ér+¢§#~ iliﬁ?ii#”ﬁéf%%éi%iprE (pH
=8.34) F vt it A2 M %o A MiTA ARy 2 pHE (pH = 6.56) R 7
L TR IR 0 KRS f%,ﬁle ¥t 5736 ifp W F w2 pHiE
(pH=7.53) -

14
EK remediation of PAEs & ACE-contaminated sediment for 14 d
Anolyte (Dianbao River water based): Daily injection of 0.3878 ¢ SHM and 0.3229 ¢ H,0,
12 | Catholyte: Dianbao River water
Electrodes: Titanium
Electrode polarity reversed on Day 8
10 | Constant voltage: 48 V (i.e., 1.5 V/cm)
Initial sediment pH: 7.53
=
- 8 r
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0.25 0.50 075 1.00
Normalized distance from anode reservoir
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(4) F ts Rk PAEs 2 ACER G LR 2 A~ %

FHIHRI32% 587 ST+ F Rl4p 5> 2 &KL ¥ DnBP »
DEHP ~ DiINP2 ACEA § ER % 7 T2 4% HAFER A T HT 5
GRT A AR (BT A e E R ig b o FI %8P &7 T il
#)> A § k& § 5> DnBP » DEHP » DINP2 ACE2 354 th 5 4 %] §
87% ~ 32% ~ 9%% 100% » H 2 *& Fug 30 52mgk g% (LBI3-17) -
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EK remediation of PAEs & ACE-contaminated sediment for 14 d
Anolyte (Dianbao River water based): Daily injection of 0.3878 g SHM and 0.3229 g H,0,
Catholyte: Dianbao River water

1000 Electrodes: Titanium E DnBP
Electrode polarity reversed on Day 8 @ DEHP
Constant voltage: 48 V (i.e., 1.5 V/icm) :

DiNP

800 [ Initial DnBP concentration in sediment: 275 pg/kg

Initial DEHP concentration in sediment: 629 pg/kg

Initial DiNP concentration in sediment: 403 pg/kg
Initial ACE concentration in sediment: 487 pg/kg

BACE

600

400

200

Residual PAEs and ACE conc. in sediment (pg/kg)

7777

0.25 0.50 0.75 1.00
Normalized distance from anode reservoir
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354 % 45384 FE%

AR e ud BEE R EE R R L gk Pk (pHE B
7.64~ T R 5126 mS/em) > ¥ b o NH R E RE K B FaUBL TR
PiF4e0.0776 g% o s 4R 7200646 g F & (SBFEE RTHF
) oA is o BB R ApH=665% FR A S 185 mS/em > TR T
FR AR THETTR (1.5V/em) = N4 o
?@JF@MB@»Awﬁﬁxﬁﬁﬁﬁﬁhf%w~%%wmﬁm
2 %1 s F s RiRpHE 2 & F 2 F 15 &R PAEs: ACER kA 2
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(1) &~ Biaf RpHE 2 &

U BI3-23 8 R A7 > B4 F 1P 150 12 B iR RpHEA B &
S11722510 301140 > e e 2 pHE S & RER 2484 (14
Pis o pHE 512.6) & Hi&i ik 2 pHEAR -k TABH » & (14
P s pHE 52.23)

EK remediation of PAEs & ACE-contaminated sediment for 14 d
Anolyte (Dianbao River water based): Daily injection of 0.0776 g SHM and 0.0646 g H,0,
Catholyte: Dianbao River water

Hole-injection: Daily injection of 0.3102 g SHM and 0.2583 g H,0, -¢-Anolyte
Electrodes: Titanium

Reservoir pH

6 Constant voltage: 48 V (i.e.. 1.5 V/em) 4&-Catholyte
Initial river water pH: 7.64

4 L

2 -

O L 1 L 1 1 L 1 L 1 L 1 1 L

Elapsed time (d)

®3-23 764 BSPAEsZ ACE; 7 42 FER L 540 385% v w] —
£~ B e iR pHE 2 it
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EK remediation of PAEs & ACE-contaminated sediment for 14 d
Anolyte (Dianbao River water based): Daily injection of 0.0776 g SHM and 0.0646 g H,0,

= Catholvte: Dianbao River water

£ 40 Hole-injection: Daily injection of 0.3102 g SHM and 0.2583 g H,0,

- | Electrodes: Titanium

E’ Constant voltage: 48 V (i.e., 1.5 V/ecm)
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Elapsed time (d)
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(3) F s &k pH B2 & F

PRUGRI3-258 % Bm o LT d 4 FR14P 150 F] CRTAEF AT 1S
S Toa R E REE BEaUBiEorat Y > B A pHE X dk
BFERIPE > aBEE 0 LEEe 2 FE FRATHE B2 pHE
(pH=641) 7 5 T2 W% > 7 #iTIEEE2 pHE (pH=7.53) A&
2} RAepHEAPF o

14
EK remediation of PAEs & ACE-contaminated sediment for 14 d
Anolyte (Dianbao River water based): Daily injection of 0.0776 g SHM and 0.0646 g H,0,
12 | Catholyte: Dianbao River water
Hole-injection: Daily injection of 0.3102 g SHM and 0.2583 ¢ H,0,
Electrodes: Titanium
10 | Constant voltage: 48 V (i.c.. 1.5 V/em)
Initial sediment pH: 7.53
e
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0.25 0.50 0.75 1.00
Normalized distance from anode reservoir
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— EK remediation of PAEs & ACE-contaminated sediment for 14 d
B Anolyte (Dianbao River water based): Daily injection of 0.0776 g SHM and 0.0646 g H,0,
E Catholyte: Dianbao River water
= 1000 F Hole-injection: Daily injection of 0.3102 ¢ SHM and 0.2583 g H,0, ® DnBP
51 Electrodes: Titanium @ DEHP
E Constant voltage: 48 V (i.e., 1.5 V/cm) :
5 oy g : . ] S DiNP
2 goo | Initial DnBP concentration in sediment: 275 pg/kg
= Initial DEHP concentration in sediment: 629 pg/kg BACE
g Initial DiNP concentration in sediment: 403 pug/kg
S Initial ACE concentration in sediment: 487 pg/kg
= 600
o
«
=1
=
S o400 F
=
=
=
2 200 }
é
0
0.25 0.50 0.75 1.00

Normalized distance from anode reservoir
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7.64~ TR 5126 mSem) » ¥ b H AR RF P 400776 g3 F mE
AR F 200646 g F & o et o iR RApH =6.65% HT A S
185 mS/em» T FE* & &6 THHEILLE (1.5 Viem) = 383 4 o

W HEBP TR BN AT WA R RER S AL R
% ?;ai SR AL 0 Y A A2 T s BRI R AL o
TE4 E 14D o A}Vvlf]&fél B RpHEZ R - AHT

2% N F Rt R EpH®E 2 A F 2 F i is R PAEs2 ACER ¥ kB 2
w%%%ﬁﬁ%T:

(1) =&~ F%’}&T%ni'pHE‘ g

FRHRBB27TE%HT 84 F LD 6K B rpHE A o %
511,692 2350 1-7p F > Ko~ BiaH ik 2 pHEAR> K T 454 ¥ 1 4&
CYET7p 18 > pHEA B 51232 1.98) » > $8p B 4o (7 7 1R it
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Heis ot B RN RpHE A F 2 58 B F J514p (52 pHE A o] 5 2.88
%730 -
14
Electrode polarity reversal
12 4~ Anolyte (before)
& Catholyte (before)
10 L EK remediation of PAEs & ACE-contaminated -0~ Catholyte (after)
sediment for 14 d O+ Anolyte (after)
= Anolyte (Dianbao River water based): Daily injection
S 9 0f 0.0776 g SHM and 0.0646 g H,0,
.E Catholyte: Dianbao River water S
> Hole-injection: Daily injection of 0.3102 g SHM and
g 6 0.2583 g H,0,
[7] e Y
] Electrodes: Titanium
= Electrode polarity reversed on Day 8
4 L Constant voltage: 48 V (i.e., 1.5 V/em)
Initial river water pH: 7.64
]
2 -
0 1 1 1 1 1 1 | L 1 1 1 L

1 2 3 4 5 6 7 8
Elapsed time (d)
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EK remediation of PAEs & ACE-contaminated sediment for 14 d

Anolyte (Dianbao River water based): Daily injection of 0.0776 g SHM and 0.0646 g H,0,

Catholvte: Dianbao River water

Hole-injection: Daily injection of 0.3102 g SHM and 0.2583 g H,0, N

| Electrodes: Titanium
Electrode polarity reversed on Day 8
Constant voltage: 48 V (i.e.. 1.5 V/cm)
13 14
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RIpR3-29% %87 > 53 & 4 F Rl4p 18 F “f7 ﬁéi é‘f]” ™5
FATEEBEEERLEF BEROAB AP > HIE4RHSpHE X 4

BEERA P R 2 A2 B (LFI325) 0 ﬂmﬁ@t}_

2 oo 18 AR A he B dRsS 2 pHE (pH = 6.95) @4 5 T o @ ARiT
i dete g2 pHE (pH=7.92) Rl v 5+ 2 2 R % > F {8 &k pHT
"JTE_I:~730 Fp st F w2 pHE (pH = 7.53) ¢ b /& 5 22 53 20 255 40
[P Tﬁi CR]T USE A T AR R AR F R 4B

Fte > TR ARpHEA TG T3 HERF A 6957922 F o

14
EK remediation of PAEs & ACE-contaminated sediment for 14 d

Anolyte (Dianbao River water based): Daily injection of 0.0776 ¢ SHM and 0.0646 g H,0,
12 | Catholyte: Dianbao River water

Hole-injection: Daily injection of 0.3102 g SHM and 0.2583 ¢ H,0,

Electrodes: Titanium

10 Electrode polarity reversed on Day 8

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

Initial sediment pH: 7.33

Sediment pH
o]

0.25 0.50 0.75 1.00
Normalized distance from anode reservoir
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F)@]pf%/ﬁ-leE' T



oo 2 L by 2} A
g}’;.ﬁ- ..:3%.‘;:'?7}?46

(4) F ts Rk PAEs 2 ACER G LR 2 A~ %

R B3-30% %87 0 53#4 F Rl4p t6 > 2 KR ¢ DnBP »
DEHP ~ DiINP2 ACEA § ER % 7 T2 4% HAFER A T HT 5
f AT A AR (BT A e RS 0 BR8P 2 7 R RiRL
#)> A § k& § 5> DnBP » DEHP » DINP2 ACE2 354 th 5 4 %] §
94% ~ 49% ~ 32%% 100% » R4 g Fap L0 4 d%k 5% (L F3-20)
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EK remediation of PAEs & ACE-contaminated sediment for 14 d

EL Anolyte (Dianbao River water based): Daily injection of 0.0776 ¢ SHM and 0.0646 g H,0,
= Catholyte: Dianbao River water
% 1000+ Hole-injection: Daily injection of 0.3102 ¢ SHM and 0.2583 g H,0, ® DnBP
g Electrodes: Titanium @ DEHP
E Electrode polarity reversed on Day 8 DiNP
2 300 Constant voltage: 48 V (i.e., 1.5 V/em) -
= Initial DnBP concentration in sediment: 275 pg/kg BACE
o Initial DEHP concentration in sediment: 629 pg/kg
E _ Initial DiNP concentration in sediment: 403 pug/kg
= 000  rInitial ACE concentration in sediment: 487 pg/kg
o
«
= 4
= 400 f
z \
=: = N\ §
2 200 § % %
. \ \ \

A N N AN\

0.25 0.50 0.75 1.00

Normalized distance from anode reservoir
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(1) & ~ it iepHE 2 %
RIpR3-318 %87 b4 F 1P 80 1 B rpHiE» o %
;% 11.6% 2.47 > %?1-149 FAE E F%’F&j‘%i.’%ipr_ﬁ, BA kT AR Y ik
(Y F14p 1 o pHE A B 5122 2.18) 5 >t % 15P B 408 (7 7 ikt
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14
Electrode polarity reversal
! ~®- Anolyte (before)
& Catholyte (before)
5. : . -~ Catholyte (after)
10 L EK remediation of PAEs & ACE-contaminated T+ Anolyte (after)
sediment for 28 d y
- Anolyte (Dianbao River water based): Daily injection
2 o of 0.0776 g SHM and 0.0646 g H,0,
= Catholyte: Dianbao River water
S Hole-injection: Daily injection of 0.3102 g SHM and S
36 0.2583 g H,0,
< Electrodes: Titanium
= Electrode polarity reversed on Day 15 ]
i Lk Constant voltage: 48 V (i.e.. 1.5 V/ecm)
Initial river water pH: 7.64
2 L
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

01 2345678 910111213141516171819202122232425262728
Elapsed time (d)
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EK remediation of PAEs & ACE-contaminated sediment for 28 d

Anolyte (Dianbao River water based): Daily injection of 0.0776 g SHM and 0.0646 g H,0,

Catholyte: Dianbao River water

-Hole-injection: Daily injection of 0.3102 g SHM and 0.2583 g H,0, >
Electrodes: Titanium

Electrode polarity reversed on Day 15

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

(3]
L
o

2
o
o

100

Cumulative EO flow quantity (mL)
3 3

0 1 1 1 1 1 1 1 L 1 1 L L L 1 1 1 1 1 1 1 1 1 1 L 1 1
012345678 9101112131415161718192021222324252627128
Elapsed time (d)
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EK remediation of PAEs & ACE-contaminated sediment for 28 d
Anolyte (Dianbao River water based): Daily injection of 0.0776 g SHM and 0.0646 ¢ H,0,
12 | Catholyte: Dianbao River water
Hole-injection: Daily injection of 0.3102 g SHM and 0.2583 g H,0,
Electrodes: Titanium
10 F Electrode polarity reversed on Day 15
Constant voltage: 48 V (i.c., 1.5 Viem)
- Initial sediment pH: 7.53
n 8 -
R
=
<
£
= 6
[
wn
4 -
2 o
0

0.25 0.50 0.75 1.00
Normalized distance from anode reservoir
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EK remediation of PAEs & ACE-contaminated sediment for 28 d
Anolyte (Dianbao River water based): Daily injection of 0.0776 g SHM and 0.0646 g H,0,
Catholyte: Dianbao River water

1000 Hole-injection: Daily injection of 0.3102 ¢ SHM and 0.2583 g H,0, ® DnBP
Electrodes: Titanium @ DEHP
Electrode polarity reversed on Day 15 T

: ) DiNP

goo | Constant voltage: 48 V (i.c.. 1.5 V/em)

Initial DnBP concentration in sediment: 275 pg/kg
Initial DEHP concentration in sediment: 629 pg/kg
Initial DiNP concentration in sediment: 403 pg/kg
600 I Initial ACE concentration in sediment: 487 pg/kg

B ACE

400

L i

0.25 0.50 0.75 1.00
Normalized distance from anode reservoir

Residual PAEs and ACE conc. in sediment (ng/kg)

W3-34 764 B5PAEsZ2 ACE/ 7 42 FER L 560185 v h] —
F Jeté % PAEs% ACER kR 2 A %
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o0 2 JIF Zé4 27 5 sxl Phnano-SHM/H 003 10 & &R SR 14 18

ﬁi?““fﬂ 5 A2 2 ik MR A REERBE RS MSEMBLR S {2
}%,}i SR < R W335 5 336747

ﬁ]B 35 nano-SHM/HzOza, 45k (a) @Bk o5 (b) ¥lE (0 Féﬁ‘%) (©)
5225 (d) %3% () %45 () %525 %2 (g) %62k Jpis2
% i ESEM#: 4.8 (50X)
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F13-36 nano-SHM/H20.% # 4 25% (a) %% ; (b) %1% (29 2%); (o)
2% 5 (d) %3%;(e) ¥4 %525 %2 (g) %62F JBis2
R & ESEM® 48 (5000X)
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AR (0) F F2&3EE FA&SEFERE I RE R TERER
Bk o RIR FIRRE R a4 T SRR Y R ag PR 2 B E (A RIB-15&
W3-19% ®3-23 & B13-27) ekttt d- 0 > o dm it i (418 2 BB %)
2 pHEJf #3-4p F P> 7 T 3¢ 4 (LB3-17 & BI3-21% B3-25 &
B13-29)> s P spii » 2. 3§ (Y4 2 dgfE A F P A fE> k@ 2 J|*r 22 OH -
A ¥t 532 RS Rk ERECHEERE R 25 P RRT 2L
RE2 d -256 mVEE 2387 mV (R K g R i 2. 445 mV) % 4 -296
mViE £ 276 mV (& #45 HBisir2.272 mVip i) 5 (3) o %2 & 4% 2 %3
& StiEB B R “FrgF A7 (7T nano-SHM/H 02§ i+ &)
MSEATIE N EERE REF REAUBAINY T R FHRST L2
3 wf*z:; P X RS RERSZ RApHEA TR L T 4) 4 $5& 68 35%
BEVWRFR THREEEEG P RR FIfE 2 6kt i 2 R EpHE
FHAF R G o iR AR R (SR R) 2 pHE
JpFES-6P F PRV TSP (RB3-31) 0 L 2 FE Y d S
WHEMA R AR F A A AAOH 3w F LA b SRR
v 2. VBB A B2 d 2209 mViEE 2217 mV (& 5 AR R
2.227mVARi)» IR B 52& 3% E 54& S50 BRHVREFPER T
T d R e ad N AR R (S 2 RN R) 2 pHIET %
I MR TR Bk RER MR (J14p L 328p) @
Fde (43-4p HE 5560):(5) o FoeRHi R IR Ay AT
S5 AT B i RAEFBEAA4BLAILP 0 FISXEEFTIRE (2
@:#s ’ 1#&*%% WEF PPt £ 228p 0 2 DnBP » DEHPZ DiNP2 T

£ TOETE A FEBR N Bk B T U H 62 A kR

G f’“f’ifﬁﬁx& s 2 (6) 3 6T P4 EH (S 2 RILSEMEB 0 - H%E
nano-SHM/H2O2% 1+ Al ¢ & = FipidS AL 2 S e % > 2 fI* 264
&7 3 »xff P nano-SHM/H02% it | 1% %J PR IVIA R 0 R AR e R g 2
3 " Foo

63



LFEREY 2FBEFAF A AEZ %‘fmfﬁiﬂ,i«' B R

64
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#3-4 4% T # 4 ;2 4 2 nano-SHM/H 023 * 2 “,’T‘}Lk“
]'9;:’_: ~

L & 37 58 B 2 HE 8% ) Ji%rg%; AT ;i*f;ii# ;e;;‘fefPAEs&PPCPs JE R ?PAES%PPCPS
(V/em) (d) JE RT3 pHAR @R (n/l) 7 9 RE (ng/kg) T ¥ = (%)
1 1.5 14 9.64 DnBP : 0.05 DnBP : 244 DnBP : 11.36
DEHP : 0.06 DEHP : 587 DEHP : 6.64
DiNP : 0.06 DIiNP : 355 DIiNP : 12.03
ACE : <0.01 ACE : 258 ACE : 47.07
2 1.5 14 8.26 DnBP : 0.01 DnBP : 34 DnBP : 87.82
DEHP : 0.04 DEHP : 397 DEHP : 36.96
DIiNP : 0.04 DiNP : 290 DiNP : 28.04
ACE : <0.01 ACE : <10 ACE : 100.00
3 1.5 14 7.36 DnBP : 0.02 DnBP : 35 DnBP : 87.36
DEHP : 0.04 DEHP : 425 DEHP : 32.43
DIiNP : 0.05 DiNP : 368 DiNP : 8.75
ACE : <0.01 ACE : <10 ACE : 100.00
4 1.5 14 7.53 DnBP : 0.02 DnBP : 16 DnBP : 94.36
DEHP : 0.04 DEHP : 306 DEHP : 51.43
DIiNP : 0.04 DiNP : 209 DiNP : 48.20
ACE : <0.01 ACE : <10 ACE : 100.00
5 1.5 14 7.3 DnBP : 0.02 DnBP : 16 DnBP : 94.18
DEHP : 0.04 DEHP : 323 DEHP : 48.65
DIiNP : 0.04 DiNP : 276 DiNP : 31.51
ACE : <0.01 ACE : <10 ACE : 100.00
6 1.5 28 6.79 DnBP : <0.01 DnBP : <10 DnBP : 96.64
DEHP : <0.01 DEHP : 168 DEHP : 73.29
DINP : <0.01 DiNP : 185 DiNP : 54.09
ACE : <0.01 ACE : <10 ACE : 100.00

(2) BiAE A REARM & B4k -
(3) Wil 4L B 8 i h £ 5720 Watts -

() #ehe TR T TRBR  TWHEALBLS Viem -

(4) 10 mL AL 2 o4& 8Tk 8 0k 3 2.0.9493 M R4k £, ~ 0.0475 M#& g4 € 5 R 0.6650 M7 16 6% 6 49 -

(5) i b W iR A L PAEs RPPCPs A iR

DnBP @ 0.01 pg/L : DEHP 0,09 pg/L. » DINP = 1.3 pg/l. + BACE :
(6) f&i% # PAEs & PPCPsdn 4 7% & i £ —DnBP : 275 pg/kg : DEHP : 629 pg/kg : DiNP © 403 pg/kg : ZACE : 487 pg/kg -

<0.01 pg/L -
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235 FWFASAEE REFI ST Y 2R

ERBE i & A

6 ke EA 5 R E (%) (NTD/ton) %3 XBK

A3 E& TR i #% 22 Bk (Supercritical Fluid ExtracticPCBs >99 3,713-4,687  Zhou et al. (2004)

# B Ft (Thermal Desorption) PAHs, PCP, Dioxins 95-99 14,869 USEPA (2005)

4 48 7 (Bioremediation) Toxaphene, DDT, DDE, DDD 97 1619 USEPA (2005)

3 A B2 48Pk (Soil Vapor Extraction)  PCE, TCE, DCE >80 19,582 Uhl IIT (2005)

% . 5 A% (Pyrolysis) PCDDs, PCDFs >99 9,000 Wijesjara et al. (2007)
B F W 8h nano-Fe,0,/S,04> 3 PAEs 65-100 11,846 15448 % A (2013)

& #) /7 # BH nano-SHM/H,0, 6 PAEs, Antibiotics, 4 Non-Antibiot: 70-100 5,681 AFFR (2014)

31 £4=29432 5 =6.007 ARBE -
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Di- (2-ethylhexyl) phthalate (DEHD) 501 549 1296 2458 586 1151
Di-1s0-nonyl phthalate (IINP) 612 265 981 1415 476 1205
K= PHgas A
Mone-n-butyl phthalate (MnBP) 494 777 589 819 541 907
Mono(2-cthyl-3-hvdroxyhexyl) phthalate (MEHHP) 12 17 88 48 40 66
Mono(2-ethylhexyl) phthalate (MEHD) 259 562 921 448 155 313
Mono(2-ethyl-5-oxohexyl) phthalate (MEOLIP) 3 6 15 5 4 5
Meno-iso-nonyl phthalate (MiNP) 6 35 232 133 <] <]
Acetaminophen (ACE) <1 <1 <1 2 <1 <]
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Di-n-buty| phthalate (IPnBP) 47 65 120 228 61 271
Di- (2-ethylhexyl) phthalate (OEHD) 554 51 266 1204 126 608
Di-iso-nonyl phthalate (IDINP) 278 28 277 1549 106 512
MK = F RSB
Monomethy] phthalate (MIMP) <2 <2 <2 <2 4 <2
Acetaminophen (ACE) <1 <l <l 3 <l <1
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Di-n-butyl phthalate (DnBP) 93 181 117 34 58 109
Di- (2-ethylhexyl) phthalate (DEHD) 176 69 82 638 34 416
Di-iso-nonv] phthalate (IDINP) 32 28 55 753 23 410
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ME = FPaEasH
Di-n-butyl phthalate (DnBP) 21 30 10 11 12 9
Di- (2-ethylhexyl) phthalate (DEHP) 146 88 105 94 71 51
Di-iso-nonyl phthalate (DiNP) 134 82 90 60 43 40
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100
EK remediation of PAEs & ACE-contaminated sediment for 14 d
Anolyte Dianbao River water
Catholyte: Dianbao River water
R0 | Electrodes: Titanium
= Constant voltage: 48 V (i.e., 1.5 V/iem)
£
-
g 60
—
=
=
o
=
E 40
131
2
=
Elapsed time (d)
R L R Fe4 A PAES 2 ACE (5 48 FiEAR 5 1 iRsh i w] —
& p g g
100

80

Electric Current (mA)

EK remediation of PAEs & ACE-contaminated sediment for 14 d
Anolyte (Dianbao River water based): Daily injection of 0.3878 g SHM and 0.3229 g H,0,
Catholyte: Dianbao River water
| Electrodes: Titanium
Constant voltage: 48 V (i.e., 1.5 V/icm)
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Electric Current (mA)
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EK remediation of PAEs & ACE-contaminated sediment for 14 d

Anolyte (Dianbao River water based): Daily injection of 0.3878 g SHM and 0.3229 g H,O,
Catholyte: Dianbao River water

Electrodes: Titanium

| Electrode polarity reversed on Day 8

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

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

Anolyte (Dianbao River water based): Daily injection of 0.0776 ¢ SHM and 0.0646 g H,0O,
Catholyte: Dianbao River water

Hole-injection: Daily injection of 0.3102 g SHM and 0.2583 g H,0O,

Electrodes: Titanium

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

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Elapsed time (d)
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100 EK remediation of PAEs & ACE-contaminated sediment for 14 d
Anolyte (Dianbao River water based): Daily injection of 0.0776 g SHM and 0.0646 g H,0,
Catholyte: Dianbao River water
Hole-injection: Daily injection of 0.3102 g SHM and 0.2583 g H,0,
80 T Electrodes: Titanium
? Electrode polarity reversed on Day 8
g Constant voltage: 48 V (i.e., 1.5 V/iem)
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100 EK remediation of PAEs & ACE-contaminated sediment for 28 d
Anolyte (Dianbao River water based): Daily injection of 0.0776 g SHM and 0.0646 g H,0,
Catholyte: Dianbao River water
Hole-injection: Daily injection of 0.3102 g SHM and 0.2583 g H,0,
80 [ Electrodes: Titanium
- Electrode polarity reversed on Day 15
é Constant voltage: 48 V (i.e., 1.5 V/cm)
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Reservoir Conductivity (mS/cm)
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| Constant voltage: 48 V (i.e., 1.5 V/em)

EK remediation of PAEs & ACE-contaminated sediment for 14 d
Anolyte: Dianbao River water

Catholyte: Dianbao River water

Electrodes: Titanium

Initial river water Conductivity: 1.26 (mS/cm)

-#-Anolyte
- Catholtye

Elapsed time (d)

L

Reservoir Conductivity (mS/cm)
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£~ 1 ’f@.’fﬁ R %’ T B2 'L‘
50 — : :
EK remediation of PAEs & ACE-contaminated sediment for 14 d
Anolyte (Dianbao River water based): Daily injection of 0.3878 g SHM and 0.3229 g H,0,
Catholyte: Dianbao River water
40 | Electrodes: Titanium
Constant voltage: 48 V (i.e., 1.5 V/cm)
Initial river water Conductivity: 1.26 (mS/cm)
30 -#-Anolyte

20

- Catholtye

4 2

10
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Elapsed time (d)
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Reservoir Conductivity (mS/cm)
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EK remediation of PAEs & ACE-contaminated sediment for 14 d

Anolyte (Dianbao River water based): Daily injection of 0.3878 g SHM and 0.3229 g H,0,
Catholyte: Dianbao River water

Electrodes: Titanium

Electrode polarity reversed on Day 8

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

Initial river water Conductivity: 1.26 (mS/cm) -#- Anolyte (before)
- Catholtye (before)
-~ Anolyte (after)
FCatholtye (after)

Elapsed time (d)
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Reservoir Conductivity (mS/¢cm)

40
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| Constant voltage: 48 V (i.e., 1.5 V/em)

L -¢-Anolyte
4 Catholtye

EK remediation of PAEs & ACE-contaminated sediment for 14 d

Anolyte (Dianbao River water based): Daily injection of 0.0776 ¢ SHM and 0.0646 g H,0,
Catholyte: Dianbao River water

Electrodes: Titanium

Initial river water Conductivity: 1.26 (mS/cm)

Elapsed time (d)
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Reservoir Conductivity (mS/cm)

EK remediation of PAEs & ACE-contaminated sediment for 14 d

Anolyte (Dianbao River water based): Daily injection of 0.0776 g SHM and 0.0646 g H,0,
Catholyte: Dianbao River water

Hole-injection: Daily injection of 0.3102 g SHM and 0.2583 g H,0,

I Electrodes: Titanium

Electrode polarity reversed on Day 8
Constant voltage: 48 V (i.e., 1.5 V/iem)
Initial river water Conductivity: 1.26 (mS/cm)

Electrode polarity reversal

-#- Anolyte (before)
& Catholtye (before)
- Anolyte (after)
-0O-Catholtye (after)

Elapsed time (d)

B 5 w4 B PAES 2 ACE 5 44 FikR R ¥ 5 lmiksk mn —
£~ 1 ’f@.’fﬁ R %’ T B2 'L‘
50 EK remediation of PAEs & ACE-contaminated sediment for 28 d
Anolyte (Dianbao River water based): Daily injection of 0.0776 g SHM and 0.0646 g H,0,
Catholyte: Dianbao River water
g Hole-injection: Daily injection of 0.3102 g SHM and 0.2583 g H,0,
) 40 F Electrodes: Titanium
UE} Electrode polarity reversed on Day 15
o Constant voltage: 48 V (i.e., 1.5 V/em)
z Initial river water Conductivity: 1.26 (mS/cm)
= 30 r
=
2
=
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o 20 r
=
e .
T Electrode polarity reversal
% 10 -#- Anolyte (before)
- - Catholtye (before)
-~ Anolyte (after)

TR 6 R #
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I Catholtye (after)
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