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Abstract

The objective of this project is to develop
proper chemical analysis methodologies which are
feasible to characterize and identify gasoline
contaminated sites from environmental forensics
prospect. In detail, the following tasks were
included: (1) to obtain generic features and chemical
composition of gasoline from Chinese Petroleum
Company (CPC) and Formosa (FOR), (2) to
establish tiered analytical approach, (3) to develop
the fingerprinting and data interpretation techniques
including protocol of identifying gasoline spill, (4)
to evaluate effects of weathering on hydrocarbon
fingerprinting, recognition of distribution patterns of
petroleum hydrocarbons, fuel type screening and
differentiation, and (5) to establish source-specific
marker compounds, determination of diagnostic
ratios of specific fuel constituents, application of
various statistical and numerical analysis tools, and
application of other analytical techniques.

Various homologous series of hydrocarbons
including volatile and semivolatile range of gasoline
hydrocarbons were examined. Each one of these
groups of hydrocarbons has a different tolerance to
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environmental  alternation by
dissolution, and biodegradation.

evaporation,

For weathering effect studies, change of
chemical constituent and biodegradation effect of
gasoline contaminated soils are important factors to
be considered, especially when there is a prolonged
period of weathering processes. Methyl tert butl
ether (MTBE), benzene, toluene, ethylbenzene,
xylenes, n-propylbenzene, 1,2,3-trimethylbenzene,
1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene,
1,3-diethylbenzene, 1,2,4,5-tetramethylbenzene and
1,2,3,5-tetramethylbenzene were recognized as
indicator compounds in gasoline.  Weathering
effect onto 14 compounds along with total petroleum
hydrocarbon (TPH), carbon preference index (CPI),
gasoline weathering index (GWI),
benzene+toluene/ethylbenzene+xylenes (B+T/E+X)
and methylnaphthalene ratio (MNR) were evaluated.

The study intends to evaluate weathering
effects on hydrocarbon fingerprinting and to develop
proper chemical analysis methodologies to
characterize and identify gasoline contaminated sites
from environmental forensics prospect.
Composition difference of gasoline products was
observed in two major companies. Naphthalene,
C;-naphthalene, C,-naphthalene, and Cs-naphthalene
were detected in all grades of CPC products.
However, only Cy-naphthalene and C;-naphthalene
were found in FOR products. With 180 days of
weathering effect, such difference was observed. It
may be used to discriminate between different
samples of gasoline. When CPC gasoline (octane
research number 98) exposed to 150 days of
weathering effect, it was contributed by partial
depletion of C,-naphthalene. Thus, the impact of
weathering effect need to be taken into account for
to improve the accuracy of forensic identification.

The potential parameters were evaluated to
identify 17 gasoline contaminated soil samples from
contaminated sites. Severe weathering effect will
make distinguish between two suppliers very
difficult. However, for samples contaminated by
gasoline and diesel, verification can be performed
with parameters generated from diesel fuel
contamination. These are the cases observed in this
study.

Keywords: Chemical fingerprinting; Gasoline
contaminated sites; Source identification
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Abstract

This project is a multi-collaborated work to
evaluate soil dioxins contamination before the pilot
study. According to the basis of previously
establishing Ad-(6X)DR bioassay (DRE-H4IIE cells)
by our research team, the National Health Research
Institutes develops dual luciferase detection system
for detecting dioxin like compounds, namely
Ad-(dual)DR bioassay, and the team members in
National Pingtung University of Science and
Technology test the dual system for application in
detection of soil dioxins contamination and modify
this system for the future dioxins survey studies. We
hope our collaboration elevate the stability and
sensitivity of dioxins measurements in Ad-(dual)DR
bioassay to accesses a fast-screen, efficient, low-cost,
and local biotechnique for AhR reporter gene assay.
The current result show that the optimum
multiplicity of infection (MOI) for Ad-(dual)DR
bioassay is 2. The best period of the 2,3,7,8-TCDD
standard curve for the Ad-(dual)DR bioassay is
between 4 and 120 pM (relative standard deviation
(RSD) =4-22%. The values of EC50 in Ad-(dual)DR
bioassay with MOI of 2 are ranged from 54.3 to 55.8
pM. Twenty five Certified Reference Materials
(CRM) samples are examined by Ad-(dual)DR
bioassay and their measurements have 1.25-1.61
folds higher than those are measured by
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HRGC/HRMS (466 pg-WHO1998-TEQ/g d.w.).
The mean value measured by Ad-(dual)DR bioassay
was 2.59 times higher than that by HRGC/HRMS in
soil samples. The good correlation (R2= 0.957,
p<0.001) was found between Ad-(dual)DR bioassay
and HRGC/HRMS without false negative results.
Our ratio of Ad-(dual)DR bioassay V.s.
HRGC/HRMS was similar to those of XDS-CALUX
v.s. HRGC/HRMS in the previous studies
(Ratio=1.5-2.6). Although the small amounts of the
recombinant adenovirus were used in the present
study, the performance of the TCDD standard curves
was robust and stable in the higher dioxin
contaminated soil samples. The stability of low
dioxin concentrations in soil samples was varied. It
is suitable for application and development of
Ad-(dual)DR bioassay in soil surveillance based on
the current dioxins standard (1000 ng TEQ/kg d.w.)
for the dioxin contaminated soils.

Keywords: Report Gene Assay; Dioxin ; Dual
Luciferase
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o WA T REMRG EMHARRR E R
2 gies ko0 R RE S SRS R
Rk AP F R P A RRELR IS
AR EER o SPHFRERDIEEFTLAT 0 {
> @ an®iz Ad-(dual)DR bioassay ** 2 35 4
= R RR R

. mf
Jmo

ISR R

AE I 48 L 11:‘*4[‘ T 7{\1;117“—%—:_1— » %38
B R S AL AR HR RO B IR R Rl
PR RFEL AT RERBREALRRE G
DRE-(dual)H4IIE cells> & 22 HRGC/HRMS it £ A
Frot g F 0 G kel Ui Bk THYR
2 Ad-(dual)DR biocassay ¥ 2 7 # & e * 4 ,‘{g
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Ad-(dual-DR) bioassay ,x %4 @] 10 # % CRM %
Bk AR 10 # S R R B0 = 4 g
Ao

R EE2Z I REES 2T REF F2ZL
B 2 [ex i R > 2 NIEA S103.61C - 57 & sk
5B g e 428 /5 Pp F 4(CAPE) (CAPE
Technologies)(South Portland, ME, USA).:& {7 # *
ﬁ&ﬁﬁ“’lﬁﬁW%ﬁ%ﬂ?%%ﬁﬁﬁﬁ
MU OF R 24 ) P 2 1 NUER RIS AR
ook B g At o 1 CAPE g i (s E
it AR > 2 Gi PEOT PR BB EF BRI F R
X iTdc s 0 %8 Dimethyl sulfoxide (DMSO) % i
¥ 3 > £ 12 Ad-(dual)DR bioassay it {7 g £ % g i1
PREREREIELE B2 TR -

AZ B %Y 52 A e (DRE-(dual)HAIE
cells) ¥ &4 8 & 4 it % = 1 w2 (DRE-(6X)H4IIE
cells)scg R fE TR - A RFRwiefEI 96
g en ’“ﬁwﬁifr BAwmeth24 P BE kR
2,3,7,8-TCDD (SUPELCO, St. Louis, MO, USA)#
BB FRHEE 24 iR L EREFR
B KARRIEIIL EFEFEL RIS TS
FRFERRE > UTEEFRAIA -

LA AL
4.1 Ad-(dual)DR bioassay i i 1& % 5| &

Ad-(6X)DR bioassay # BlacR & T 7 ST R
EIFECZAPPEEHEERL RS R Rk
Bt Mop A MOIF A fE TR F 27 i > 2
LHF 4 E % F(MOI=10)#F 2lac g ~ Brgenly
%o BB MOI st b £ 5 kg4 vt 4 o
A F S BB OHMIE S ¥ 5S35 apk R
S e RIEL NERR S G 0 R4 R AR
rERFEABRF DA ES LR R
(Ad-(dual)DR bioassay) > 41 * renilla luciferase /=
MR g TREFF oW FRAETRRFE AL
& A=Ay ¢ * Ad-(dual)DR bioassay Bl 7 I
i+ MOl ik G &w o dicdy o 2 SR 5 &
154 #7 F 54 MOl 5](MOI=1 2 MOI=2) %
% ko MOI 52 2P%-2378-TCDD % 5k B &
12+~40~120- 400 pM p# > % Ad-(dual)DR bioassay
wHERBLEFEARLIS%ERF = £ % RSD
B % 4-22% > EC50 k& 4 % % 54.3 pM £ 55.8
pM ; MOI % 1 pF > H 237,8-TCDD - # 5w j&
oAt o Wceased BERTIER S 1240
120 ~ 400 pM prid £ B 7 kR 15% % 7 - £ R
USEPA 4425 #2 s & NIEA S901.60B #LEPQL TR
%% 5 RSD < 20%% RSD < 15% > #7384~

RSD & % i % 03 % (13 - 34%) » EC50 &k & » &
% 95.9pM £ 68.8 pM -

#7H 3 2. Ad-(dual)DR bioassay H Azt A ik
HAS A BBFREF 2% = & k% Ad(6X)DR
bicassay - ¥ & Ad-(dual)DR bioassay &
2378-TCOD % kR 5 1-2~4pMpF > H w
fea 3 L AP LEEFIERLIS% T k£ 5 EC50
= A%tk % o v Ad/dual-DR(6X) bioassay . :
renilla luciferase gene & i ¢ » & MOI=2 i i~ »
B f’t% Bl % Fp RSD & ig* Ad-DR(6X)
bioassay -

4.2 Ad-(dual)DR bioassay % #: & F # ¥ 5l

PRI RY A B R B2 R
MOI(MOI=1 ¥ MOI=2)ip|:# CRM Tk & T 1% 8
Rt & fﬁlf-‘fl%—%- MOI 5 2 p% > 15 i# =t CRM # &
RSD & 4 ** 6 - 29% » Ad-(dual)DR bioassay 4 7
JER % 481 ~727 ng BEQ/kg d.w.s 22 CRM & |44
£k A (466 ng WHO1998-TEQ/Kg d.w.)4p +* e » H
Tt g s 1256 & :}];*5% MOI 5 1pF > 10 2=
CRM # % RSD &5 5 - 27% - Ad-(dual)DR
bioassay 4 47}k & % 588 ~ 902 ng BEQ/kg d.w. - £
HRGC/HRMS T35 g 5 161 & o d Fif 25 2
= F7 3 #cdy B ot 0 Ad-(dual)DR bioassay 7 #
MOI=1 & MOI=2 4§ i 27 » H A 45 ficdh 3o
HRGC/HRMS 't E4piT o 57 & F il o F % S 8%
% » ~= Ad- (dual) DR bioassay # iF|#cy 4 ]
% 481 - 902 ng BEQ/kg d.w. » v+ %+ p % 4 3 @
B354 ¢ 41448 1000 ng TEQ/kg d.w.35 A 42
BEAFAEE P EE R AL BIAER
A o R 2 GV RABIBEEATRF L AL
@R R F A 4T CRM 5 A Bicdf o472 ¢
P2 % = % Ad-(6X)DR bioassay # 7 #cdy“7 i *
2 MOl % 0.3 285 P 2esri * 2 A2 (L
@R 3 k2 F % 4 #&(MOI=10) -
Huh7-DRE-Luc bioassay 5 # =t CRM % & &
HRGC/HRMS T izt @ 5 542 & ; Ad-(6X)DR
bioassay 13 ¢ =t CRM # A T35t 5 5 5.02 & »
Ad-(dual)DR bioassay 25 =t CRM T3t g 4
141 & - d 3% ¥ &> Ad-(dual)DR bioassay # ip|
BB AT HESCRM)IE R D4 R R
Huh7-DRE-Luc bioassay 2 Ad-(6X)DR
bioassay(MOI=0.3) -

4.3 Ad-(dual)DR bioassay £ % 2 & &Rk A F ik
R
ARG R A0 B 2 KRR A
(Soil and sediment, SS)> %-p ¢ 2,3,7,8-TCDD & #
8 CRM B A TR STH 2 37 % 4
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#H(MOI=2):t {7 iy & 47 o e A et ¥ 5 0 19
%=t SS & & it & & 472 (HRGC/HRMS)p| & &
fFrtge s 40 Bk SS R ABREF EL AR
& ke E B e XDS-CALUX® (Xenobiotic Detection
Systems)i& (7 gy ¥t o £ 3 5 19 =t SS &~
Ad-(dual)DR bioassay #35£ HRGC/HRMS | &
v £ 0 19 % = SS # & Ad-(dual)DR bioassay #c
¥5 5 3.56 ~ 259 ng BEQ/kg d.w.> # RSD &35t
30% > 3 3 kA RSD &% > 20% - & A&
HRGC/HRMS p| & k & 4% -] & Ad-(dual)DR
bioassay t* B % f ApRE 2 AB% @ F R AR BT
50 ng TEQ/kg d.w. » # £2 Ad-(dual)DR bioassay -~
i 152 % 5 kA kR 5 10~50ng TEQ/Kkg
d.w. > 2 Ad-(dual)DR bioassay L= & 5 2.01
;% AKkAES 0~ 10 ng TEQKkg dw. -

Ad-(dual)DR bioassay T 2t & 5 3.26 « i3 & if
% 2. F] 5 » Ad-(dual)DR bioassay H A7 A w2
FSABBERE S 2 % = Ak s Ad(6X)DR
bioassay » & & ch1 (T F & 12 ~ 120 pM 2 ¥ »

FHRALRRE I ERE MNP Bl a2 Z30 i
21 FERERYIN A LT FIE - R ERMAR
19 # = 2 3 % ~ Ad-(dual)DR bioassay £
HRGC/HRMS T 35t g 5 2.59 i (1.00 ~ 6.58) > #
vo i@ >t Ad-DR bioassay6 ® #- #icdy ig (7 ik
Spriw fFAdT 5§ 85 42 M2 (R2=0.957,
p<0.001) > 4] 1 #77F o B % A BFIL (72 2R3 3 0

1834 @ 5 1000 ng TEQ/Kg dw. » & =# 3
A9 XA ML AER R AT ERE
2 =2 BARERRR2ZH A0 ~ 10 ng
TEQ/kg d.w. ~ 10 ~ 50 ng TEQ/kg d.w. ~ 50 ng
TEQKgdw,) » ¥aA iz Mz HE | fo ML
Moz FRsEe 484 4% 40 2= SSH#
* Ad-(dual)DR bioassay #4322 XDS-CALUX #c
B o 8 F 2 oA e 0 40
T SSthAWF 224k~ RSD ER* 20% 0 &

=% R A3 10k B 4~ (28.9 ng BEQ/Kg d.w.
27 30.7 ng BEQ/kg d.w.) » H Jn Fl4&p| I + it AR
B * X #73% o Du et al., (2011)# * XDS-CALUX
Wpl? R EEF TR I ELRRER

H ¥ HRGC/HRMS T =t & % 1.4 % ;Croes et al.,
(2013) # 47 84 it = # - 4% & &2 HRGC/HRMS & 1=
iE s 160 B o Atdeiplz 40 2 SSHEAH w
k& ¢ XDS-CALUX @ ¥ T35t g 5 0.974 %
(0.396 ~ 1.96) - %5+ Ad-(dual)DR bioassay # #¢
3 &M% Ewdna 4 4p i3t XDS-CALUX - =4
TEKREEF RFARY > Baefr 2 5 G e
PR 2 RS2 AATHRAZERRZERS
$ @-Linetal., (2013) & * & 2 i* Ad-DR bioassay
WP GO REEERDPELMEE )RR
"RBEIER - HEAR S 1.80 ~ 855 pg-BEQ/g

10

wW.W.; kg & Linetal., (2014)i# * = # BDS-CALUX
G BB D S 800 Ea kA BB R
KR LB ca T ERLERIERAS
b 5 61.8~22.2~249~7.80 ng-BEQ/kg d.w. » #
ZAy SSH Atk 2 k& ¥ Linetal, (2014)3 &
FEApuo

~FE g PrB 3 2. Ad-(dual)DR bioassay %
MET ARG wL S PERD > EEFHR AP L
ERBHEA RSB FHRA R FERL 30N
TEQ/kg dw.r2 ™ g > + % #icfs &4 RSD i §
15% » ¥ K # & A K NIEA S901.60B " 4 3 ¢ ¢t
B2 b GRS KBEEAREATE R
#°RSD E3 ¥ = 54 L i Ap iR R £ (RSD) = 1%
Bimi + AT IiafiE > Ad-(dual)DR bioassay
% Ot b2 md MOy B & 2 ih k3 i
Ad-(6X)DR bioassay ,x xt 50-100 & 12 F » H I A
BE BN MOER A RSD % % 83 15% > fe i
g A B B Ecdpw a4 o Ad-(dual)DR
bioassay f* # % # (£ 4% £ w4ia # 22 Ad-(6X)DR
bioassay 4p iz - Ad-(dual)DR bioassay 4 1
W4 £ ikt Ad-(6X)DR bioassay & st o w4
E@EpE R ETTESREGR L R T
% o Ad-(dual)DR bioassay #w diic 4 + = & Fp )
I B EE R 2 MR A TR D
AR e F BRI FEARARLF AR 1000 ng
TEQ/kg d.w. » Ad-(dual)DR bioassay i7if & 3& R 22
)"@’# °

4.4 Ad-(dual)DR bioassay & * 8 k k3 &

AFEy B2 % w2 Ad-(dual)DR bioassay
ERERES -CRMEZ ATHRESEEF 138
BRE R SRIF B AR RS NBRRE 2 0k
# ° Ad-(dual)DR bioassay & 7 & i 4= £
(MOI=2) » &R E TR E w4+ TF 4p it
Ad-(6X)DR bioassay - {1 #* f§ ¥ erp g it % > "5 X
BiEA AR AR LR 22 BT L7
FROTARFFAEE N AR AT F &
% { 5 Jl&$:# - Ad-(dual)DR bioassay | *
renilla luciferase gene % i F]+ sc L £ TR 2
Bz d AP EBETET  BRARALERE
~ RSD & i & i 3| 2 ®4]372 NIEA S901.60B
# o i e 5 £ % F USEPA 4425(RSD < 20%) ¢ B
T )RR 2 8 (RSD < 30%) © d >t 4
oy oerBE 2 % e wmre kg g renilla luciferase
gene H A F1 A AT R 3 F R HE =~ (dioxin
response element, DRE)> :¢ = renilla luciferase gene
S X PR RFHE F Y R firfly luciferase
gene 2 ic 4 o Ak AEIFS MU AKT Y RS
RA S EATERFT A LERET L K
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t& > #- renilla luciferase gene { #iT T P54 7]
(down-stream) > @ ' B FHE A 4 2 F % T A
%> S Ep #-t % v v Ad-(dual)DR bioassay { & #¢
BT HI AP GRS R

i-~5

1. A= g 2Rl 25 25k CRM %5 A ks
& > # Ad-(dual)DR biocassay #c ¥ ¥
HRGC/HRMS T = g & w5 1.25 &2 161
0 B A opd MOI i 7 Ad-(dual)DR
bioassay w 4 it # HEFx o

2. AEXFAG EPIE S XL FIRE ALK
& > 19 2 =4 28 HRGC/HRMS L5 @ %
259 & > 40 * =t & & XDS-CALUX & &
0.974 & -

3. Ad-(dual)DR bioassay 22 HRGC/HRMS i& # 41 {4
AT A R G 2 ML
(R2=0.957, p<0.001): 12 % F= 5 f 737 2L 1
# 500 ng TEQ/kgd.w.> 35 A g izl x|
fo T, 285 KA -

4. Ad-(dual)DR bioassay &4 i 4= & gt
Ad-(6X)DR bioassay & t'> » BE#R & 2 % %
LEERATRTAR DL BF IV RILEE
445k & 1000 ng TEQ/Kg d.w. - Ad-(dual)DR
bioassay % it & 46 &2 * o

2 ‘$J§V¢$J€
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2.5 Y =0.785X
2=0.957
g 2.0 p = <0.001
=
U 1.5'
&
&
T 1.04
=
[=11]
S 0.5
0.0 T T ]
0 1 2 3

Log;¢ AD-(dual) DR bioassay
Bl 1 AD-(dual) DR bioassay £ HRGC/HRMS #44:%

it

% 1 Ad/dual-DR(6X) bioassay i#|3# 2,3,7,8-TCDD /% i

T2 5 iy
2,3,7.8-TCDD#E 3 & if B (pM)(MOI=2)
1 2 4 12 40 120 | 400 | ECs(pM)
Casel | 0% [0.99% | 2.96% | 13.08 | 38.2 | 125 | 383 )
(RSD) | (37%) | (15%) | (20%) | (4%) | (21%) | (22%) | (12%) 3
Case2 | 0.093* | 0.54% | 2.17% | 11.4 | 458 | 103 | 470 )
(RSD) | (38%) | (35%) | (1%) | (18%) | (8%) | (13%) | (9%) £
2,3,7.8-TCDD#2 3 5 i (pM)( MOI=1)
1 2 4 12 40 120 | 400 | ECsq(pM)
Case3 | 0.248% | 0.16% | 1.16% | 14.0% | 51.9% | 95% | 446
95.9
(RSD) | (84%) | (22%) | (16%) | (13%) | (24%) | (22%) | (22%)
Case4 |0.216% [ 0.30% | 2.11% | 13.6 | 42.7 | 110 | 426
(RSD) | (46% | (26%) | (38%) | (34%) | (28%) | (27%) | (24%) o

*23,78-TCDD SR KA HEEERAELISHER AN

22 FAEPFES R me R SRR CRM RS A

Ak RSD(%)" | Ratio” P 4
Huh7-DRE-Luc bioassay(n=5) 8.00 5.42 H$EE A+ 2009
Ad-(6X)DR bioassay(n=13)° 5.46 5.02 MEA 2011
Ad-(dual)DR bioassay(n=25) 17.4 1.41 AR

TP ke AR 4R £ R
"R £ A s B b A3 20 8 HRGC/HRMS #0834 1h 48
© Ad-(6X)DR bioassay £ B 2 %% # MOI=0.3

11
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4% 3 Ad-(dual)DR bioassay ## HRGC/HRMS * ## «~ 44 4 Ad-(dual)DR bioassay #2 XDS-CALUX ‘&

g #1(n=19) (n=40)
AR 43 | RSD | Ad-(dual)DR bioassay | HRGC/HRMS:] {& Ratio® AL | RSD Ad-(dual) DR XDS-CALUXHE Ratio®
(%) | (ng BEQ/kg d.w.) (ng TEQ/kg d.w.) (%) i (ng BEQ/kg d.w.)
S8-1 1 140 132 1.06 (ng BEQ/kg d.w.)
§8-2 9 259 132 1.97 S8-40 17 326 289 1.13
583 6 533 163 s $8-41 26 114 289 0.396
§8-4 11 56.1 20,1 1.93 S8-42 12 335 38.1 0.880
$8-5 18 485 20,1 1.67 SS-43 16 58.5 38.1 1.53
$5-6 15 31.1 264 118 S$8-44 7 46.2 66.6 0.693
$8-7 ) 404 26.4 1.53 55-45 7 528 66.6 0.792
§8-8 16 36.7 13.1 280 S§5-46 6 342 374 0914
$5-9 21 499 13.1 381 S55-47 2 423 374 1.13
S$5-10 1 21.8 9.92 2.19 S5-48 13 43.1 56.3 0.765
§8-11 4 24.3 992 245 S$8-49 3 53.7 56.3 0.954
$8-12 10 8.86 8.90 1.00 $8-50 13 29.7 40.5 0.734
S$8-13 14 28.1 8.90 3.16 S§8-51 11 45.0 405 .11
$5-14 4 49.5 8.68 571 §8-52 7 20.5 51.5 0.398
$8-15 9 48.9 7.44 6.58 §8-53 6 24.8 515 0.481
S5-16 10 11.3 6.82 1.65 S§58-54 23 23.7 30.7 0.770
§8-17 2 11.0 5.01 2.19 §8-55 14 26.0 30.7 0.845
SS-18 23 204 392 5.20 $5-56 17 533 34.9 1.53
$8-19 8 3.56 1.74 205 S8-57 17 54.4 349 1.56
Range - 3.56-259 174132 1.00 - 6.58 S5-38 5 71.2 44.6 1.60
95% CI - 28.9-83.0 13.1-414 1.94-3.31 §8-59 9 87.6 44.6 1.96
Average - 49.6 273 2.59 Range - 11.4-154 28.9-135 0.396 - 1.96
" Ad-(dual)DR bioassay/HRGC/HRMS it {4 95% ClI - 52.7-727 57.3-74.6 0.876 - 1.09
Average - 62.6 65.9 0.975

* Ad-(dual bi -
% 4 Ad-(dual)DR bioassay ¥ XDS-CALUX * #ie Ad-(dual)DR bioassay/XDS-CALUX L {i

(n=40)
#HA4%% | RSD | Ad-(dual)DR biocassay | XDS-CALUX;# {& Ratio”
(%) (ng BEQ/kg d.w.) (ng BEQ/kg d.w.)

§58-20 5 56.8 67.4 0.842
88-21 6 97.5 67.4 1.45
§8-22 4 83.1 120 0.692
§S-23 7 151 120 1.26
S8-24 5 104 135 0.773
S8-25 3 154 135 1.14
S§8-26 7 78.3 76.8 1.02
§8-27 4 94.4 76.8 1.23
§8-28 6 52.9 79.9 0.663
§8-29 7 56.5 79.9 0.708
S8-30 7 939 81.8 1.15
§S-31 8 88.8 81.8 1.09
§8-32 7 737 77.6 0.950
S5-33 15 75.0 77.6 0.967
88-34 5 69.9 69.4 1.01
88-35 7 72.8 69.4 1.05
S8-36 5 51.4 94.3 0.545
S8-37 11 83.1 94.3 0.881
55-38 4 52.7 86.5 0.609
§8-39 10 69.4 86.5 0.803

* Ad-(dual)DR bioassay/XDS-CALUX L {&

12
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The application of dual-vacuum packer-type free product recovery
system at a site contaminated with oil leakage

¥ fe# ' Ting-Nien Wu 3% & * Wen-Hsien Tsai 1k 4 * Cian-Yi Lin

ool B~ BRI AR Department of Environmental Engineering,, Kun Shan University
“Email:( wutn@mail.ksu.edu.tw)

- P IRR

SR - LAk RS R R
Fao REFELSTERORERFEVEN A
:r;’@w*wmﬁt Sk (LIF) b st 38 i B v
BEAR AT #B(NAPL)/G%‘@/”\#E}% B
i (Free product)# &+ &[S ezt 3 505050 4p 45 &
B PR BEFREEFFR AT ICITE b F
AR A B g~ o Bfe £ LIF k sid i
AR L M e T BT %‘rrd\« I°ﬁ?ﬁ*%£-/§'—
W ofT R Ak o~ IR US| E BL G R 2R
hﬁﬂ?%& AFFED L BREE 2 ATR

? g ek Su(Free product recovery system) : it
W3 B R E W 4P w T % %u(dual-vacuum packer
type recovery system) > i & ¥ i $FEL TR0 T Y 3
¥ (Fixed Space) P 4 & (74 & & 513k B > & & 3i¥®
FEPNPESAI T B0 R R I
LR i—%&%_%ﬁﬁﬁiﬁ
H B RAZ T 0 E RN TR BEE
ROUFEN w AT TR A A 2 Bk aIR R 0 R
ERFHRBENREFE L RBLPEG R R
MBS AFHETES PR RITENY -
Bl AFETEFEZ TN rMsc,, S H R
H5mBs mts.-i%PéE&/EJFé fek BLIT R A R
s B oA > BUKIR B At Bk TS Ao
W2V AP T RIEGE R A AR
HIEEE N0 we iy B B E Nl

;=

B 7R Tk s o

Metsm : FR V8 ~ MK~ &3 ~ Tk

Abstract

In this study, one site contaminated with
petrochemical products was selected for test. Laser
induced fluorescence (LIF) system was employed to
detect the transport paths of free products and to
investigate the distribution of contaminant plume. In
order to implement emergency action, the recovery
system was established on the transport paths of free
products for the control of plume spreading. After

operating the free-product recovery system for
several months, LIF system was employed again to
delineate the distribution of contaminant plume. The
introduced free-product recovery system was
developed by the research team, which is called
dual-vacuum packer-type recovery (DVPTR) system.
This novel DVPTR system is established at fixed
space in the well to allow the maximum recovery of
free products and minimum suction of water, which
contain a lipophilic packer to increase the efficiency
of oil and water separation. This novel DVPTR
system was operated in such a way that the waste of
energy use and the treatment of wastewater were
minimalized due to the reduction of groundwater
suction. This showcase is expected to fulfill the
objectives of energy saving and remediation
efficiency improvement, and this novel DVPTR
system is definitively an alternative of free-product
recovery during implementing emergency action.

The DVPTR system was installed in field to
conduct a pilot test of fuel recovery for more than 5
months. The monitoring results showed that the
developed novel DVPTR system is superior to other
traditional vacuum-type fuel recovery systems on
energy efficiency, fuel recovery, wastewater
reduction, operation expense.

Keywords: petrochemical, leakage, free product,
recovery
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BRI DI ESF R LWL A EAR
lm% BhREE > WAERRY CHEE2 G
VLR R AL RS A 4
2k A*E%“TAJ\%mFﬂa‘QE B}%_
BrxpgiyrepgT A MEgd o rit54%
(petrochemlcal pollution)iT % & & 61 ¥ v 224k ¢
AT BRSAT R R A TR AR
}im& BARG o BV E A E- LR
(hydrophobic)# i » % && £ * ¥ 2 5-F™ A
(Leakage)k imig » 3= £ T end B TRR B
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PRLBRAS TR - B PES 2kpiR
(Non Aqueous Phase Liquid, NAPL) ¢~ /5 4 4= i #]
A AL FIREFI e THE “éfgfs’%é{’
At LM, SR g £ (residual)*h 0 Ei5 2 F)
B Ae fom FEHE D B TR G T 0 g
Bk o fag A2 # p o4 4p (free product) o

BRI ESFF L NEFLY EFNEY B
AL IEZ W BARRE LN AL KR
AR L S AR CESEE L R
B EFHRARERE  FARREFT LA TR
Ho KA REY G EHE RO 2EA
AL TR R PRI S onRE S Y
RN E R R AR R g) SRR Ut 1
R T ) E Ak DI

AT E LR SRS N SRR L
Balo b EER R ERREFEN D
TE > Bt B M A 5 B2 1R kLA
MR R P TR A T 208 10 4p (NAPL) S
2 B A #3454 (Free product)#% & B S FE
O ORITEM S BRI R PR AT
MARFATITER LS A M (B 1) E
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Abstract

The contaminated site proposed in this study is
located at Jiuru Township, Pingtung County.
According to previous investigations, the major

g 4 = #3 « Department of Biotechnology, National Kaohsiung Normal University
ky32829@gmail.com

contaminants in soils were found to be zinc,
chromium, copper, nickel and total petroleum
hydrocarbon (TPH). The objective of this research
project is to conduct remediation in the contaminated
site. Five treatment plots were designated in the
highly contaminated area, in which three were
designed for bio-phytoremediation (BP1, BP2, and
BP3) and two for phytoremediation practice (PR1
and PR2). One control plot was used for comparison
purposes. Since the initiation of this study in 2012,
earthworm (E. fetida) and petroleum-degrading
bacteria (Pseudomonas sp. NKNUO01) have been
utilized for bioremediation, while Poplars (Populus
bonatii Levl.) and Sun Hemp (Crotalaria juncea L.)
in the phytoremediation practice. This year, selective
native plants, Macaranga (Macaranga tanarius),
Papermulberry (Broussonetia papyrifera) and Indian
Sesbania (Sesbania cannabiana), have also been
planted to evaluate their remedial capabilities.
Results of soil analysis showed that the removal rate
of TPH within the three bio-phytoremediation plots
ranged from 1995~9495 and from 439%6~979% in
the two phytoremediation plots. However, heavy
metal concentrations were not significantly reduced
and thus most soils were still highly contaminated.
Plant growth and physiological investigations
indicated that all plants were vigorous and adaptable
to the pollutants. For the purpose of further
explorations, the biomass and heavy-metal contents
of the studied plants were analyzed to evaluate the
removal efficiency of heavy metals. The results
indicated that the four metals were absorbed and
removed by all studied plants in the order of Zn (283
g) >Cu (2.03g) >Ni (1.78g) >Cr (1.23g) .
Finally, the heavy-metal removal ability of three
native woody plants was found to be Poplar >

Macaranga > Papermulberry.

19



214 |mEARER
ML FrraER | 1THITRARSTASONARSMLERR NN E

Keywords: heavy metals; TPH; bioremediation;
phytoremediation

- ~Hd B Pen

ip;%iaw

LR

L EL4 4o G 1,800
CAHREF LG AR o d R
ARFE AR N RPN E RS RS
‘3"1/{@3’ 'F'-}'IF-”" /’544355 = -%1’54‘*”,:» 1\;}/&'
BE T E (TPH) ~ &8 ~ 45~ 4F ~ 4 o 2452 3§
Bip T kiE %«ﬁfzr/zl%ﬁakv/?"\iuﬁgzé s FRm
d AN B EILE SR BRI B -
XAREFAE R 5T RFERLFSL
DHFREE L IHBE AL BN
f£ 4 4 7 ;2 (Phytoremediation) £z 4 # 44 7 %
(bioremediation)fi ¥ 2 o ¢ 3¢5 A 2 S
£ &6 % B 124~ (hyperaccumulator) v 1§ £ = 1 it
g 4 % P~ {% * (Phytoextraction) v 4z % f;\ Z 4
B DA BREMA LS A o BHEIRT
75 A a2 p (Carman et al., 1998; Etim, 2012;
Pulford and Watson, 2003; Sebastiani et al., 2004) -
p% » 7w 4% 48 4 42 2 1F* (Phytostabilization)
AL L2 'ﬁfﬁﬂm" W5 G Tk
et ’A”E*%ﬁﬁﬁﬁﬂﬁ T
B Pt WREMNI R TS - 19'?1"9]}/\
AP i L fEE (Ffs Pseudomonas
sp. NKNUOQ1) ##iridsl (izirisl > Eisenia fetida)
7 TPH 2 " f2 (L F-% > 2009; Parrish et al.
2006) o Hp iy a5 A R E B R 20 5 o

ERR LR S

L A S B
A PR TR LA R T R
AR R (I ﬁ%4¢ﬂ§ﬁﬁﬁ&ﬁ\@?
PE T E o EE P g ;(1)p$‘5€§ EREEE-
mERRAS RN D A B EIR R
f@‘éé‘%?r » H ¢ - ®a P?'B%1E‘.f‘r4*ﬂ1}7v}‘54’$"%§
2437 % (BP1~BP3) > = ‘l?‘a*im‘_ﬂ_i 3}:5@7\&
T H(PRI~PR2): ¥ 5 &5 4 HH2%E - B Y
BB % (CK) o 2k {& 'I';ﬁﬂxgtg—r,;%]\ N u'f'v* 3G nq»;;ha.fﬁ;
ﬁ%’l‘fm Lk AR S “’L’A:\ﬁ*"jwl‘iv 4 5k

B REE R P EfRE o (QLFRT R
f’r D3t BP g dal g B oY 2 R F 0 R TPH -

ﬂ:&

& = § Sl gl 4 5 5.4 kg(4) 20,000
8) T ABHL TR IR AG L E R 20
L e ﬁg&y Qe 4 v ks F 1 5 -

vi‘f%%?v R ER T > B 0 R FEE 25
A iikfé7 ’ rpé‘%& Ziﬁ.mf;:"’ i\‘%ﬁ_% H‘:'ﬁi
¥ 45H5CK%25% BP1% BP2 & 12 4% »

BP3~PR1 % PR2= %~ 4 % 109 2 184 -
AE P30 PREREZ 0 F F A B K 3~5
Boo 2T X BRI BIEREN 395 Kok h
150 $ - (4)2 H g2
At HEREIREFTPHEE 2B 224 4
AT R L ok o TPH 2 #ip) > % 52 ik %
&2 2 4282 3 (NIEA S703.61B) » /53 | 5 B~ 14
MEFARRITETHRAITL o 2 E £ A TR
P& NIEA S361.63B &7 » 7r 12 3 R it 5w
(ki FEHER) 22 FRF R
kFRP LR 2EEHFE0) HHFLE
DEBEHEELSIT AT RATEFZATHA
BAAEP 2 2 ERE% P HREENEFLE LR
PR AT R AR a2 2T
&EﬁJﬁ%J%L$§’Eiﬁﬂﬂﬂ“mi
BB i 4 £ BRERAE 0 B AR B3Ny s pEAT
AR THEPE DB ERERBELEE 4
PBEGHY AR REEEE T 2
E 24 ka g sk L kit 80 F (F/Fn) il
To R ETEW F2PlE LA RLIBED 35
R FRRBI R A~2 FE o 2 KRB LT
BB L m;}% F sk & iw e pl ek i (LI1-6400,
LI-COR, USA) » & i ¥ % il T ek B 5 £ &
1500 pumol photon m?s™ » # 45 0 CO, kA 324 &
400 pl LY a44iR B 60~80% » & ;8 +2 4] & 28°C -
TR A i RS kS KT E g
FE % & ¥k &R (Mini-PAM, Walz, Germany)ip] %_
2o B I AJEEAR BONR TS AR Y B B E
% (dark leaf clip, DLC-8)#-¥ % g ¥ » i& (7o 1§ Ji&
30 ~ 418 o £ 2 Mini-PAM gl T 3 5 B i ok
fE‘J;(Fo);‘ﬁ"’"fEi’ELE'_(Fm)’ d LL—_’;'L—% \Mﬁ‘ FP—E
Btz FIFqE(H ¥ F=FyFo) o (6) 42 7 »c & 3™
$7 0 EAT S EHA TR ER AR A S
1T TPH 2 & £ 2 o7 2 o

3Tyl L E T O

T~ Bk RHEw

'/2;;}75’»—} W2 R P j‘)iﬂ—i—tif”g\'%
PERE SR T A (v iedsl 7 2 R
B TPH L% vock » N2 E £ LB

BRI E 3 WA AT
(-) 72525 it
1+ 2 i Rt

ARSI AT LA R P AET Y
ﬁ4#7kk‘wﬁﬁf%%#’“@i§ﬂﬁ
A2 ER om S A RZIERBEEEY 1

PxdAd2#an g2 E 2L oM
o dem AR B o AT



214 tA®

LHANTATRER | 103 RIPNE FREORABEENDARRANIANE

f,.;

Hh o T AP RE L LRER o F T
FAMERFLAFN G RE S ERR

Mivatsses

v Fle 2 EAA S B ﬁ\ﬁ}i““"%*{f—?
ErI) 3‘ Tf —I‘l’”)}%‘]’rﬁ s 1i 252~318 =>4 v ® ‘_fﬁ
TR F i E R GRS pERR AR
E%ﬁ&sz&}ﬁﬁ4?€;ﬁ# Sk iR
Li?ﬂ'ﬁﬁ:‘*%ﬁrﬁ ‘Ir-r \gv'égz"*x#l;’x:é:g_
B (TA TR

B LML A TR AR SR 142
Aood A FAT Lo G L IR R
% 71~98 24 AR R 5 11~19 24 o
EARr s Ha R e w5 A
111~326% 2 {42 600~1841%» * d * v st
AERA BEF A A ST A5 o e
ST BT F ¥ AJLE 0 i ff A i & BPL &2 BP3
FHARE o ATHEMRAASHS BRES L2 L
FZ AR 2 F2 ’T#J%J”L £ oo fa R LT H
PRl Lk 2R FRAGRE G F
= ?4;3656%25’%.23—’- °

;:’:&r%ﬁm'x*w;; ¥ Faﬁﬁdfiﬂ*“%&
3o 4 ¢ Hchhdr A BHEAHE L 35 ;'zCK
S N AR L i ey
—-mﬁfg"’iomﬂx_&)i7+kr§ﬁ ‘é‘.li”),*”b,J‘ﬂ‘s’;‘
-0l ) ARV R EY - B2 PP
5~8 " > FEBIPRE > A AERZ LD GF
BAEF2Z MR EED B G b d FRIENTR

21 sffdTRBLE
] CK\BPl\BPZ\Bps\PRl\PRz
:(gq
cm
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*E %% | 2277 | 1119 | 326% | 170° | 255° | 264°

R RJLF A R E 3—“»—3 » ERF AL R (p<0.05)
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= [ 54 ] 2 [ 19 | 13 ] 40 | 24
w | 55 [ 41 | 52 | 41 [ 47 | 46
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A ARILF A REY A Y LEHF L P (p<0.05)
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mean+SE” 90+18 3.0£1.0
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&k & (5% & (umol CO, m?s™)
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cK | BP1|BP2 | BP3 | PRI | PR

®
1 172 |133] 185|159 9.0 | 205
2 100 | 156 | 128 | 120 93 | 215
3 164 | 187 |10.7 | 155 | 88 | 22.0
4 149 |138]19.7 | 158 | 9.6 | 208
meanzsg| 16.9% |15.4¢ [ 15.4% 1482 [ 0.2+ [21.2¢
09" | 1.2° | 2.2° | 0.9° | 0.0° | 0.3

WAt
1 21.8 | 123 ] 249|243 96 | 250
2 219 | 169|183 | 252|107 | 248
3 242 | 129200267 | 164 | 244
4 246 | 157 | 16.6 | 23.6 | 10.6 | 24.9
1+ [14.5+(20.0+ +|11.8+(24.8+
v 2 1457 0

v 1
1 211 | 165146 | 258 | 142 | 184
2 188 | 16.0 | 15.0 | 24.6 | 145 | 19.7
3 207 | 169 | 15.0 [ 19.9 | 10.3 | 182
4 219 | 187|224 | 212|112 | 194
oanssE| 200% |17.05[168%(22.95[12.6x 18,95
0.7% | 0.6° | 1.9° | 1.4° | 1.19 | 0.4

*F ALY AR ETFAE o EHF LR (p<0.05)
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CK | BPL|BP2|BP3|PRL|PR2

=
1 | 0833 [0.819]0.8170.832]0.814]0.808
2 | 0.846 |0.827|0.836|0.826]0.7890.829
3 | 0799 [0.817]0.839]0.827]0.799|0.701
4 | 0807 |0.833]0.826(0.815]0.821|0.818
meant | 0.82+ |0.82+|0.83+|0.82+|0.81 | 0.81+
SE | 0.01* | 0.00° | 0.00%| 0.00° | 0.01%| 0.02°

rn
1 | 0812 |0.821]0.8050.758|0.806|0.791
2 | 0791 |0.799]0.825|0.828]0.784 | 0.774
3 | 0818 [0.799]0.820|0.814]0.794 | 0.824
4 | 0823 |0.813]0.816|0.823]0.807|0.794
meant | 0.81% |0.81+|0.82+|0.81%0.80+ | 0.80+
SE | 0.01* |0.01%|0.00%| 0.02* | 0.01%| 0.01®
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2 0.823 |0.790|0.835|0.823|0.819|0.764
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SE 0.01* | 0.01% | 0.00% | 0.00 | 0.02* | 0.02°
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ERERTHLF - FRI AR > Z B2
PRTHRLZTPHERTFFFRRTG 3 M3 0P
%%ﬂ’ﬁimimﬁma#’ﬁﬁﬁkﬁﬂﬁ
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AR mg/kg %
BP1.130 | 69074 | 1510 | 18361 | 8473 5847 91
BP1-1-60 | 60939 | 2618 | 19936 | 3660 10213 83
BP1-1-100 | 42009 | 30280 | 11493 | 25600 | 44551 +6
BP1-1-120 23685 | 20804 | 27773 +4
BP1-2-30 | 46026 212 458 4071 11412 75
BP1-2.60 | 23952 26 5868 4284 5988 75
BP1-2-100 | 51159 | 18680 322 5693 7680 84
BP1-2-120 567 9098 8874 89
BP2-1-30 | 10673 480 4178 4896 3012 7
BP2.1.60 | 3512 16 674 1637 2832 19
BP2-1-100 <15 78 ND ND 525 £
BP2-1-120 — —— ND ND 1139 924
BP2-2.30 | 10380 | 31594 | 442 8501 10608 +2
BP2-2-60 764 ND 384 9961 5494 +61
BP2-2-100 | 14878 | 3579 101 5220 9861 33
BP2-2.120 180 2846 2458 90
BP3130 | 76524 | 82542 | 73560 | 8920 15143 80
BP3-160 | 151021 | 118805 | 7109 | 14412 | 44363 70
BP3-1100 | 169375 | 88566 | 2337 | 10958 | 12187 92
BP3-1-120 274 11856 | 24196 | +104
BP3-2.30 | 16779 | 1535 2861 | 10447 8173 51
BP3 260 | 11193 6584 | 15644 | 10000 6481 42
BP3-2-100 | 7421 2302 | 15458 | 11648 | 12328 | +66
BP3-2-120 316 442 342 358 %
PR1130 | 28260 | 7183 7192 | 18073 | 13310 53
PRI-1-60 | 9756 | 11904 | 161739 | 4556 24083 | +147
PR12-30 | 17291 | 4628 3231 3849 10651 | +14
PRI-2-60 | 51721 525 37578 | s019 16060 69
PR2-1.30 | 42520 | 1178 963 38042 | 10354 76
PR2-1-60 | 73661 | 9600 |[265395| 15827 | 12887 83
PR2-1-100 | 34555 442 12043 | 9206 19721 43
PR21.120 | - 3218 2667 2468 23
PR2-2-30 | 65827 | 45699 | 6816 5069 11192 83
PR2-2-60 | 23476 | 11602 | 8482 3052 525 98
PR2.2.100 | 73661 | 3921 205 3186 15045 80
PR2-2-120 656 3637 5010 | +664
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% Cu>Ni>Cr 2_ % » pt 3 % &2 Kabafa-pendias
(2010)F= 3“7 e B ~ R AR E S P2 % S R
B 5 Cd>Zn>Hg>Cu>Pb>As>Ni>Cr - & o
7 g7 Dean(2006) 74y » 4 3 & Bk ti s #P~2 #
# )3 (Transfer factor)d +~ @ -] & Mn>Zn>Cd
>Cu>Pb 4pf o 232 RjEtEY 2 7 £ kg
7 0 CK Sp\%a’&f'%‘ﬂﬁxl“\ R S S W
FE-ROLRZBAIMPLZEITIFEVR
%m’éﬁiéiﬁs’%%ﬁm*i&ﬁ%ﬁ
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%7 F%ﬂ%a’i"”if’% 2
N Cr ‘ ‘ Zn
H = mg/kg
2
BP1 35.0 81.0 61.0 2975
BP2 5.00 25.0 21.0 3211
BP3 8.00 35.0 31.0 3268
PR1 3.00 13.0 12.0 2293
PR2 1.00 12.0 10.0 2157
CK 5.00 8.00 21.0 97.0
B b0
BP1 3.00 8.00 10.0 209
BP2 3.00 6.00 11.0 281
BP3 2.00 7.00 10.0 278
PR1 1.00 9.00 6.00 161
PR2 3.00 10.0 8.00 186
CK 3.00 20.0 7.00 90.0
%28 rrfi2E2EiE
e Cr Cu ‘ Ni ‘ Zn
H i mag/kg
v 1y
BP1 4.23 7.02 7.06 1632
BP2 4.84 7.33 4.97 1170
BP3 7.99 7.66 9.53 1678
PR1 7.39 8.17 5.81 1236
PR2 7.39 7.01 5.39 1054
CK 8.62 7.50 4.56 401
=
BP1 4.29 1.86 3.39 154
BP2 4.14 3.68 2.15 128
BP3 N.D. N.D. 5.73 390
PR1 2.75 2.37 3.50 134
PR2 2.31 4.17 5.20 274
CK 1.79 2.54 N.D. 205
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A
BP1 2.16 7.31 6.82 464
BP2 2.85 0.867 1.03 361
BP3 2.16 1.37 2.61 390
PR1 1.99 4.35 8.33 333
PR2 1.94 5.54 4.63 285
CK 2.70 3.37 N.D. 72.0
g R e 1.52 0.264 | 0.604 | 0.060
$ L TR B L (9
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AERMEE B2 AR T RF A L Zn(283
g) >Cu (2039) >Ni (1.78g) >Cr (1.23g)
20 PR EA AERNTRATESHEL D
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Abstract

In Taiwan, remediation of sites contaminated
by dense non-aqueous phase liquids (DNAPLS),
especially chlorinated organic compounds, is a
significantly priority in the environmental field
because of their widespread wuse in many
applications. Therefore, the main objectives of the
present study were to prepare surface-modified
zero-valent iron nanoparticles (ZVIN) by coating
polyethyleneimine (PEI) nanofilms and in-situ
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DNAPLs-contaminated groundwater remediation.
Characterization of ZVIN or PEI/ZVIN reacted with
DNAPLs-polluted  groundwater  were  also
investigated by field emission-scanning electron
microscopy (FE-SEM), X-ray powder diffractometer
(XRD), transmission electron microscopy (TEM),
electron spectroscopy for chemical analysis (ESCA)
and resistivity image profiling (RIP). In addition,
field tests of this study were also carried out to
provide information concerning the removal
efficiencies and feasibilities in the chemical
reductive  treatment processes for DNAPLs
contaminated sites, and determined if further
developments would be warranted.

By FE-SEM and TEM analyses, spherical
ZVIN with a diameter of 20-50 nm were measured.
ZVIN having a strong characteristic peak of PEI at
20 = 34.36 was investigated by XRD patterns. The
specific surface area of ZVIN measured by BET
isotherms is 34.7 m?g. From ESCA spectra, the
proportion of Fe/O is 1.33 on ZVIN surface
including the main species of FeO, Fe;O, and
FeSO,. In addition, ZVIN coated with PEI
(PEI/ZVIN) in the form of spherical particles with a
diameter of 50-80 nm were also measured by
FE-SEM and TEM microphotos. PEI/ZVIN has a
strong characteristic peak of Fe(0) at 20 = 44.83
identified by XRD patterns and surface area of 53.4
m?/g measured by BET isotherms was also
investigated. From ESCA spectra, the proportion of
Fe/O is 0.39 on PEI/ZVIN surface including the
main species of FesO, and FeSO, By using
resistivity image profiling (RIP), the conductivity
data of modified ZVINs solution and sampling
groundwater were similar. It indicated that lower
conductivity of FeO species was found. Obviously,
the data of in-situ remediation indicated that
concentrations of DNAPLSs after using well-injection
method were notably reduced. In addition, RPI can
elucidate complex subsurface DNAPLSs structures by
dense sampling of resistivity variation at shallow
depth. The combinative technology of floating
surface-modified ZVINs and RPI technique would
be economically and environmentally attractive.
Furthermore, the simulation calculation, basic
engineering design, and economic estimation of this
in-situ remediation technique were also performed to
develop a domestic in-situ remediation technology
in the near future. This article provides guidance for
manuscript writing for conference.

Keywords: DNAPLs, Surface Modification,
ZVINs
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Mercury in Contaminated Soil (the 2" stage)
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Abstract

Contaminated soils with extremely high
PCDD/F and mercury concentrations, which are
249,000 ng-TEQ/kg and 1,860 mg/kg, respectively,
and mercury-containing sludge (2,220 mg/kg) are
selected for treatment by CPS. PCDD/Fs and
mercury are efficiently removed with increasing
operating temperature of CPS and retention time of
contaminated soil. At 750°C and 60 minutes
retention time, destruction efficiencies of PCDD/Fs
and PCP are higher than 98% and removal efficiency
of mercury is higher than 99%. During the long-term
test with 12 days, good performance of CPS is
effectively  maintained and the  residual
concentrations of PCDD/Fs and mercury in
remediated soil are lower than the promulgated
limits of Taiwan (PCDD/Fs: 1,000 ng-TEQ/Kg;
Mercury: 20 mg/kg).

For air pollution control devices, baghouse
(BH), quench tower (QT), multi-layer adsorption
system (MAS) and wet scrubber (WS) are adopted
for controlling air pollutants discharged from CPS.
BH can efficiently remove particulate matter and
maintain <3 mg/Nm? of particle concentration in the
exhaust after BH. 90% mercury is recovered by QT
and elemental mercury significantly aggregates in
the condensate of the QT. Three layers of
bead-shaped activated carbons (BACs) are adopted
in this study and replacement rate of 2 cm-BAC/day
is suggested for effective emission control. BH, QT
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and MAS efficiently remove PCDD/Fs and mercury
to meet the emission limits (0.1 ng I-TEQ/Nm? for
PCDD/Fs and 50 g g/Nm?® for mercury). However,
SO; is significantly found in the exhaust of CPS
with the remediation of mercury-containing
sediment. WS with NaOH or Na2CO; as absorbent
can efficiently remove more than 96% SO, in the
exhaust of the MAS.

For continuous operation of MAS, a system for
BACs’ regeneration is designed and constructed with
moving bed system. At oxygen-free condition (N, as
carrier gas), increasing retention time is useful to
enhance destruction efficiencies of PCDD/Fs and
PCP adsorbed on BACs (>98%) and removal
efficiency of mercury adsorbed on BACs (>99%).
Although vaporized mercury is discharged from the
regeneration stream of BACs, exhaust of
regeneration system is introduced into the flue gas
before quench tower. Vaporized mercury can be
efficiently recovered. Finally, CPS applied in this
study can efficiently remove PCDD/Fs, PCP and
mercury from contaminated soil and APCDs can
also efficiently control the pollutant emission.
Furthermore, secondary pollutants including BACs
waste and condensate from quench tower are not
discharged from CPS+APCDs. Experimental results
indicate that the CPS+APCDs developed in this
study is a powerful and environment-friendly
remediation technology for removing PCDD/Fs and
mercury from contaminated soil and sediment.

Keywords: PCDD/Fs,
Pyrolysis, Recovery.

Mercury, PCP, Sludge,
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Abstract

This project is to screen and isolate the
hydrocarbonoclastic bacteria that might be suitable
for bioremediation purposes to remove toluene or
diesel oil from soil in presence of zinc and copper.
To achieve this goal, batch cultivation of bacteria
and 16S rDNA is employed to identify the target
bacteria.  Several sub-study such as the
characteristics of isolated bacteria, degradation
performance of petroleum-hydrocarbon, biosorption
of heavy metals and its inhibition of bacterial
metabolism, the effects of different nutrients on
co-metabolism and also a lab scale of
microorganism enrichment reactor system is
conducted to evaluate and enhance the treatment of
surfactant washing liquid containing
petroleum-hydrocarbon.
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Keywords: Salt-tolerant oil-degrading bacteria;
Microorganism enhancement technology;
Petroleum-hydrocarbon; Heavy metal;
Bioremediation
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Abstract

The soil and groundwater contaminated with
explosives in  military bases are common
environmental concerns. These  explosive
compounds are clarified as nitro aromatic
compounds (NACSs), in which structure nitrite ion
(NO,) owns a +lII oxidation state of N atom and
tends to gain electrons. Nitrobenzene (NB) is the
simplest compound of NACs. Vitamin C (a.k.a.
ascorbic acid, AA) is a two-electron reductant.
Therefore, AA reductive degradation of NB was
evaluated and the effects of pH, NB, AND AA
concentrations were examined. Also, degradation
products and pathway were assessed.

The degradation of NB by AA is strongly pH
dependent. The removal of NB can be effectively
degraded at pH >12. Nitrosobenzene, azobenzene,
azoxybenzene and aniline were detected as major
intermediates and NB degradation pathway was thus
proposed. Furthermore, the reaction kinetics were
determined and revealed the reaction rate equation: r
= (0.89 + 0.11) x 10" mM"@®® RINB]? = 1% *
009TAA]P = 089001 |y the water-soil slurry system,
pH was adjusted to alkaline (pH >11) condition by
adding Ca0, Ca(OH), or 1 M NaOH. However, even
though pH was well maintained at alkaline
conditions (pH>11) within 120 h, only the system of
1 M NaOH with 100 mM AA solution exhibited the
ability to degrade NB. The removal of NB can be
increased from 40% to 80% by adjusting the ratio of
solution/soil from 100/100 to 200/100 ml/g. When
using mechanical or ultrasonic soil mixing, the
removal of NB can reach 80-90%. This innovative
alkaline AA reductive reaction exhibits the potential
in degrading explosives contaminated soils.

Keywords:  Ascorbic acid,  Nitroaromatic
hydrocarbon, In situ chemical reduction, Soil and
groundwater contamination
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1 Rz eﬁ& FARY ~EE e "f
ﬁi%ﬂ H ¥ U Z (explosives) & & 7 T
'?ﬁ’mmﬁ%ﬁi§£¥1$ﬁ%m’ﬁi
G A RELAEEREEE FI L
F ;;%%Ei (Feom i VFES LR
BB T EAR o %ﬁ#??%%ﬁé%é
¥ 14 & 4= (Nitro aromatic compounds, NACs) »
Bt A FAACNO)L B 2 A A 2§
N+ E+1F i > 7 2@ F(0)EFER
2 F & o 2 ¢ A A F (nitrobenzene, NB) 5 NACs
CARAHEEL G RRERES T F
7% Group 2B > & i A RRBFF 8 Bk
BME R ORS 2 B EFRARRR
(Dense Non-Aqueous Phase Liquids, DNAPLS) - #
Gl FRBENEGTAFFTLIE DREIF
R 2IELAFE TREZTERE AL
P24k

FHAEE B TRFAFHEILENY R
it B3R & i# (In situ chemical reduction, ISCR) &_
SRR T R R SN LN

‘ﬂi ?? W

RAE B 47T R A B F A RE 2 &R F
FoaREFASEL LIRS ARET 2 ,Jp,grog
¥ BT 3 ISCR 2 F B R A 5 % l%.iﬁ«

(Zero-valent iron, ZVI) ~ £ & i ¥ (Hydrosulfide) ~
448 7 (Goethite) % [2] - Lin and Liang (2013)[3]z
FakiEE T a4 2 C (i @,
Ascorbic acid, AA)¥ 7 »x:E & % f2w & i B
(carbon tetrachloride, CT)i5 %4 - AA & = F+
oA pH RE T fRM U RS R
o d pH <t pke = 11790 ¢ NG B A5
= % &4+ (Dianionic acid, CgHsOs™) » @ 3
CoHeO6” 3% & sk ik ¢ A (Ascorbyl radical,
CoHeOp o )X &1 - BT+ > 8- ﬁ#ﬁ#ﬁ%"’ﬁi
2 F C(CeHeOp) » £ I - BTF ¥ d
CoHeOs" T #2113 BT F » ¥ 5 3 CeHeOp
PiEg 2B Rat cNBFHR!
NO, shig g & 5 %51 § & chiFft » LU SN S
KR BRC)F CRZZEFFPHIALY 0 bl
B R(RF BT PV RIRS
mogHRE EfRod N NB 2T &G WEESFY
L3 A RELFIARBEROENE F s AT A
LHFAART RREITEERRT - 445 AA R
R fE NB 27 (713 113G o RS8N F R
OB N R L 3 0 B E YR KRR
T2 A BNIET AL Bt REL1 2T
L Bl4cB 1 Aror e

rl W o m
7 /5w |\ T
X : l__-_l L e ‘u:-l.”

o R

AR A CAJZ-KARZ R kR ks
? 2 NB- iz ® #3547 I 3 (T05 % 44 NB "% j2 2
B L @R TEA AR R
TR ER o FRINALLOR] 2 TF 0 F A g
el 2 CRBR%ENB F % £
AR A e TR R BRI RS G
7 pHERHE ~AA LR Z NBikR - R~ 42
Va2 Bl A GCIMS & 47 Rk 5L 3
#ﬁwwﬁﬁ§4 o PR -RAR K TR T 2 %

CRFEHRRAPRE R 2k R R
%d BB - B RAF PH 2 ez 7
Pl SRR RRIT R R BTG RS %
B et R 1227 71 R
FReTiR H 235 P A g IE Pk TS A o

% I dgNB

i #
P b
(controllad pH 2, 11,12, 13
and upcontrolled)
b BIE42 hpHIE G £ 0 —
i i
ANR T NEBRAMTLG
(0,01, 0.05, 0,08, 0.1. 0.2 M) (000, 1, 10 md)
{ T
T OBENGAA - NBREER— o
'
| EA TR o
iy (1007100, 160/200) '?ﬂ"!',? r;T,*’I?n‘:":;"
(ml) Sy st
Tih I

!

RS f—:kE-’ﬂH-f#|

B2 222 CEh'%fENB2ZFHIE
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4-1. # I pH $-k4p & L2 58

Fo%F 44343 F pH (6 (unctrl) ~ 9~ 11 ~
12 2 13)2 AA 3 ﬁi’.i,’]?ﬁ"’ » NB i R "% f32_ 1
20 B & U E AT 2 AA 2 NB A4t
P
PH » NB 2 % f3rch 4 » » 7 BT AA €5
NB ' 27 %2 A f2 o

# R F)4R 5 pH ~ 6 (unctrl)z 52T > AA
miz3 xR R NBs v i £7] AA S F
frg’gAA‘Téc;;’-,ﬂ,pus pH“é‘-EZ’*“Tk‘PH
ZUEEET 5 AA A B A F A58 CeHgOg 1

- W EHEE BT S F .ﬁt,,z::ﬁﬁ“éﬁ*NB"
ka » 2 pH9-13 2 5 T » NB *# f242. & % pH
BAvam HAvo g 3R pHIEEH & 9% 11(> pKa, aa
(4.25)) » AA ¥ jagdi - B H" > 254 CeH,06 » H
ﬂsbg-ﬂ‘ﬁ "’5% MEFomvE NB iv% > @
NB:E % fEom 4 3 pHE 4 12 2 13(>pKa2
aa (11.79)) » AA ¢ £ j2agd H » 253 CeHeOp™
Fe-HEITF rﬁ'v_‘“‘ B iR NB o @
Lin and Liang[3]% 4% q‘*“? Fe4=4>pH (2, 7, 12,

13)2 5T » AA $te § LB RE R B
HA G S5 08 BRIk AA T § 2l

)}%‘(Ké{ﬁ*m%]bﬁﬁ\’r} LL—jfr”""*éE]"}p}:;T’AA
54 pGE2 BRA Y -

d i P sk B Ea A pH 423 5 AA
BREENB 2 A4k oid FAXP L@ pH AT
RERAABRJAE P EE G cEENB 2
FodeiE 18 4o pH B 4 (12 2 3 13) NB 2 %% f23#
FWEpcded oom pH 13 2 AA &2 F4r 3
s pH 12 935 & 5 Fpt o S F s%E* pH 12
2 T o fF3e g NB 2 AAER ¥ AAER
72 NB 2z 3258 -

21 7k pHERT > NB & AA 2 445 f#id 3

oH NB AA
ro (MM/h)
unctrl. (Bnitiany = 2finan) - -
9+0.2 0.0015 0.02
11+0.2 0.0016 0.25
12+0.2 0.0082 0.54
13+0.2 0.0099 1.85

42 %43 CEAAFRRE Kip 22 BF

da a2 pH F&? 27 pH 12 5 it 2
NB kaﬁ;f’%—ﬁ”r—‘]ﬂ’ f;; ﬁga%}XE 'H’)*’\ pH 12 [|+ ],

TR AT F NB A AAER $ AA

BRI NB 2 BB e d PR R A
Fled S o E A ek il SHEATA 20 o

%Kﬁ:r"a’? NB % 1 mM f > 3+ F 5 120 /] pEp »

PEVERIINB AT R AAZRTERT
rs*?rsfk)i NB ‘em]» Flpt s 70 FH % NB
EREIMM 3472 FERZ AAYAAR RS
% NB 2 8 %8

R o3 H ek B2 AA 2 E5% Y o NB 2 %
fRARR AT AA RR R sem B4 > @ AA 20 L4
B7iig NB %3z aMs 2 pas 3 C
Jk & (50, 100, 200 mM) %+ AA & 7 ' f2 NB 2. NB
A he R AR R S AR EA 2 P BT o d BE T
fooF AAZ R R 5 100 2 200mM FF > £ i 120

JPETS 0 NB 2 % f2oc % % ik (dp s 50 mM
AA) > T NB 2 4= 45% &5 Jioid S 4p i1 > 2 ]

200 MM AA 2444 2 F Jid 5P B %] 100
mMAAems B RTHRE AAZ A ANER B

be - NB 2 % j2i# ¥ ,,eﬂﬂ;bgjﬁ;‘,ﬁ;j.
AA > T3t > AA B R 12 NB 2 AA i kB 5
100mM » # 7 4 »ziB % f2 1mM NB -

22 FRERZEE AASRREENB 2 % jri &

Experiment AAINB NB AA
(mM/mM) ro (mM/h)
1 100/0.1 0.0025 0.3777
2 100/1 0.0082 0.5436
________ 3 ____.....100/0 00711 20180
4 50/1 0.0033 0.4705
5 100/1 0.0082 0.5436
6 200/1 0.0091 0.9888

ﬁxw s o PI% NB 2 AA ?”'&r/%}ihﬁ'jél
NB "2z F st 4 F3%%25% 4247 ¥ o NB 2 AA
LF il AR S
li-(a+b) h-l [NB]a:1.35 +0.09

= (0.89+0.11)x10™
[AA] b=0.89 + 0.01

43 HAYERLE RRE

MG R Y 11 HPLC/UV 4~ 47 NB 2 AA
REPER S 2 kR AR > ¥t pH 12 2 13 2 iE i
T AAR R R NB 2 A4 o BT A 17
B iz § NB 2 AA 2 L o> = B ipl 3]+
it » NB BlAatr2 jd'd o md APy B R2
S iz NBs Fph e i NB 2 B RS f2gl A v
o 2 Agrawal % Trenyek [4]4F34 % %488 & *% 2
NB 2 # %> 2% fag A4 ANARR o FJt > & -
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#HriAp ke 2 iE 41 AN R & Tod K47 R
Teo A TRER S 44 &P R AN 2L
Bor AA B R NB 2427 5 Bl AL AN 2
ER RN IR Yl o TR L S N
* i 100%(4c M@ 3 #751) 0 ® 3t E i 120 /Jﬁ%; ’
B W60% H¥a RFl: AAERRZN
WAL “jﬁ A4 @AY AN > 3 F /1:%,, A
"T—P_’E‘b”ﬁ—,—\f*l NB & & 472 4 = o F]pt » 52
F k- H 1L GC/IMS ~17NB 2 2+ it 2 4 2 7
;i:’ﬁv » T 453t NB 2. "% f32 & f@iﬁi‘_o d GC/MS %
2 A 478058 5 # 49 #9558 (Scan mode)iF it T o
/,Hfrf,% “pH 13 2% > F 48 - Fts > AA
B R s 2 NB 2 553 % - 3 GCIMS 2 47 B 3% 4
Bl 4 #771 o

1.2+ i
% |
1.0 ol e s
\ s
0.8 4 Tl g | -
= eI = e
E‘_ 0.6 4 —_— oo B NS 1N
: - H Time {br)
g —— AN \
S 044 ——nsn
- — —AZO
02 ——Azoxy
2 e
E___—__...—ni::
0.0 —_— =

0 20 40 i) 20 1043 120
Time (hr)
B3 AA:BRR'#f2NB 247 (pH13) > NB 2 & 2
PR 2 R R R

1 GC/MS z ﬁ};}—‘—s}y_«\'r > o i@%ﬁ:_:j_ }é-l’ﬁ'@;%
(Total ion chromatogram, TIC)# == AA & j "% 2
NB 2 #it@lAdd e 7z F%<AN)~ TAAF
(NSB) ~ i % ¥(AZO)% 3 i % & ¥ (AZOXY)
B pe B GCIMS 2 Fa AL - Hop e i >
90% - Fptie—- Hd A47F2. NB %2 glA i (7
NB ¥ it "3 f3:2 /52 4 ilp » H g 2k T he@ 5 47

Ll /»\%‘r x4z NB #5a BR3¢ LEs
G\;NSB ﬁﬁdéj EE'F_L ‘H}TQT‘VJE")’ ,K§

&= ‘{z%f‘ 12(N-phenyl hrdroxylamme)v AR
P T AR - HEFRT I EfES AN
Agrawal and Tratnyek [4] ~ Mantha et al. [5]# Dong
etal. [6]% 12 F % 45 R '% 12 NB - H ' j2ig fo &
AEF2ZEfRR SR RHEFA Y P AW PF]
AZO 2 AZOXY -

ek NB EFRF S+ R RigEdH > NSB 18 > 7«
i 545 & (Condensation) /s 2 2 3 i &% ¥ ¥ >
A2z 3t FEINRTF OFTLERSIBE
B F FLE-HEFNTEF O FTRELBRAC

w31

=

A B rz(Hydrazobenzene) » # 7 £ 7 5|3 + B R =

AN -
] AN GC/MS spectrum of AZOXY
| mtermediate products upon
m:ui N5B NB degradation at 48 h.
I
i | .'.\ID

|

- N ol Tk wm | um | Wm | WE
B4 $%PHRBED 5AF 48 ] Pz GCIMS 4 15 Bl #
B 5 #lmki > AAR RS 12 NB 2 NB ¥ i % f2ik

/{J-—

4-4. %3 4 CHBRS A AT
B

LR ER S S

d 41 §2FREET 00 FERE TR
i it (pH>12)T - AA iR E F gz R R 'E i3 NB

20 A o FR o gt IR F B L #F B (static) ¢ st
gt iR 12 0 L4 4 (Ca0) ~ BE K
(Ca(OH),)% & % i~ 4 (NaOH) & 7 J& pH > #3

HAABREENB T L 2 BE - B 6 ThA
PR pH 25T g‘;fl:écAA;g;,fU
FRokICAARREIENBIS L L 2 2 4Rk
MEEFRF R R RS % B 3 100 MM AA
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CaO0 ~ Ca(OH),
Bl o 3N E REER 6 ) l’cﬁ?P\ )

= 100/100 ml/g) 7 I e 10 ¢
0.21 M NaOH # % pH B2 ‘e
V-4 4pP NB '}z
£ 40-60% > e d T isF B2 E fRARS AR 4R
”{’gr’féﬁ)@ﬂO]F%w’NB—i“f < l?‘ﬁ—-l
60-70% > F]pt ,235@@—95&5;)@]\4 i
200/100 ml/g » 4F3F-k 2 v 1 F i ke AR o
% Bt 0 &3k 2 v (200/100 mi/g) > *t F f(?; 6 -
%w%vﬁNsév%ﬂmﬁ4460m%’l
¥F B 120 %w’gu%NBéfzﬁ
® 1 80-98% > F|t > R AA B R E F R REfZ
A NB a4 2 F R ju\J\J'L’L;% IQE_’@
FlE - 0 FRBRARTZSRE2ZF 1o R
Mo EPELE T ._(;g,,?]: 4 AA 2. RO-k~0.21M
NaOH ¢ 100 MM AA % %) 2 e NB kR T+ &
PERF 3 4o g b > ¥ H AR 2 KO 120 ) pF
2 48 NB 2 “f F (% 60%) ¢ 22 2 1 -k 414 (100/100
mlfg)2- ] & 5 4p iz % o F] o Jip| AR R
20 NB 2 ARIE B ¥ i B85 R g 18 iR b 45
Gk o o@ 2 AA K RTEfZ o

BRI R Rk sk g e d g dqp e
NBzi5% feizd AAmF 21 Eh'%f2NB
AR a4 N F s 120 ) PR > BF LY
2 b R A iR 0 % L i2- % 2 HPLC/UV
A FrkAp® NB 2 AAGRR > &g d 4734 NB 2 4
1A kAP Y 2 BT gREE AA R REfRE KR
NB ic # o d /v\ﬁi.f‘%%;%_? TR 6 ¢ AEPE R iR
M b2 2 4p NB JRR » X 2H40 3 F 4R B AL
B AA FREfR S m A J\,puzi&ﬁa fs 3% jbrig 45
IokAp 2 REpHBFEL AARRT &5 B R
2k ok 4p NB ip 4 o

B6 *72k pHAESXTHAAR

NERERT 2 ApER R

R ' 1375k 4p NB

50

*~F % ¥ #01 CaO ~ Ca(OH), 2 NaOH = &
%ﬁﬁﬁAAm%MM®%%%%W1MNWH
REF A pH G d\ﬁ’%"m'“"“’i"%ﬁ“d
B2 F ok 34 (200/100 ml/g)#-2 4p NB 45 %
kip e o A4 AA 22 NB #%ﬁ%iﬁ‘ié g TR R
%ﬂﬁ@oﬂ&?&’ri%ﬁﬁ ER IS
TP T CAA L 5 R REFRA K4 NB 2 i
M TR R “(41‘»‘ #A k2 )54 NB 4p
&4 k2 NB i“$+z§ > Fpt oo 02 AA R R R
f2/k -k NB 5 -

f—?_i'% ;\ o
45 i R L1 E B TG

d 4-4 &7 &> 304§ (static) i T 12 NaOH
FRAEFRPH = 35 AA L 5 fid md® ik kap

NB zit+ > £V HiBE§#FF Bk 3
NB 2 %3 > B C P H PR G R R R4
NB 2 e %|(-k 4 ++(100/200 ml/g) ~ AA/NaOH (100

mM/1 M)) » i&— % 2 3B 4 (mechanical) 2 42
F ki B 2 F (ultrasonic) B & 5 R T H
WERELZ2Z Y o BHES AN F RER
120 - pEp o & pg 12 ) pE AR F (HE 500 rpm)
4’%;}"‘\‘%&&1 B E F.P}%—ﬁ;_f 30 & 4B R4 2 BT E
Ay e  nEHRPpLREIZ 2P
e A e 7 Ao o

B 7 ¢ ¥4 %2 (only RO~only 1 M NaOH - only
AA)» T 3r A okqpd NB Ap e i 7 LE 3| &2
B Adcd ¢ oty NB Apig o Flot o H b4 RO
k& 1 M NaOH 3 /% & 7 g%%:i’% NB "5 fz » @ H
Z&J/J 4v 100 mM AA 3 7% B %7 A EFAB-H R
&qj&ﬁ’dzéLpaﬂﬁJdﬁNB~»t4°%
bl bk z ledrdliez 5% faipld >t NB ok
7% f% & (2100 mg/L @25°C) HoRZ M Tt 5 5
S J\/p/}ibi'ﬁﬁl FhASd pEA I kAP
v 2% g% NB 2 Nz_uzﬁkﬁ'*"‘" FE O RE
g7 2 100mM AA/L M NaOH ‘&5 » % -k
4+ (100/100 ~ 200/100 ml/g) ¥+ AA B J *% iz ik -k
A0 NB 2 g2 58> NBi“f-ﬁy‘Q Bl % 57%% 20% -
BRI EFF B4R T i € 44 NB
AR T ok4peY T B Ak NB 2 %ff‘»‘i%‘ ° 7]
P F EREH RS 200/100 ml/g 1T A F RE T
EE s - u4p A E (100 MM AA/L M
NaOH)™ » v i ¥ ~ EFHESRL T A RYT
ZARRCE s R E 1R RILIR kAR NB 2 4 ok
FoBSk o ZARPBIRELIZFEZINY
i § o “,f F-kip NB (2 $$‘>80%) » TR
A RF 2 ew o NB 2 Kf Fvak ek 2 3 90% 0 41
BIED B URFRBRT O ERIEF N E
H@ﬁ%%’ﬁ%é%$ﬁ%§ﬁﬂ°

kS
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water'sodl witer/soil
120+ (mlg) (mlg)
™ o0aon T T 200100 i
100 ; [ water
T EZE sail
- e
g 80 f
= !
5 {
= F
B 04
= ¥
= ¥
5 |
g 40177
= ¥
= ¢ 1 =
< 204} A VA
f o 1
F I e | D I____|
¥ L e
i 2R | _ D
) pg. D-‘\ R siatic rmechamical fulvasense
Wt il k‘;} l:‘:'-}.
o R 100 mM AA'] M NaOH
i o &3
& @

B7 2FEHEPBIRLEIZIAAARRSE R K
ta NB»t-kfpz 4 4p2 FE %

I~RBw

AT D FHREERET O NREERT O NB
FREARRNE pH B4 2B o §50R pH 3] >
PKa, aa (4.25) » AA F 2 di— B H' > 253
CeH/Op > 2B Rt o @ 3% pH 4 &>
PKao aa (11.79) » AA & E j2 g i1 H » a5 &
CoHeOs™ > it~ H B - B BTFAj 4 m4
2 % C(CoHeOp) » 7 § »ciB B % 3 NB o gt 7h >
- Hd @b ot Ring AA BR% 2 NB
IREETFES S EE IR ET R 2 NB
ZVRBAY STAAFT BRI F 5B Y
Free ¥ b BiSd RORIPERL R TR
1Z2ET T M PV g

L
[
T2 R AP ERS £ BB RS

~

R LY S S AR LR SId 2t
MTER PR P EME > LA EMEY 1
HRER o

I g&;'&»ﬁ
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Remediation of trichloroethylene (TCE)-contaminated groundwater

by using a long-acting oxidant coupled with anaerobic bioremediation
reagents : a comprehensive evaluation on the effectiveness and impacts

of the treatment train
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SR LAL 1

AT FEL B P s o B LB
REAPRTEEPERBRBF T AL =F 2
FARLB T ok APRE - BZF 0T AH
B2 2R B TOREEH IR G RE &R AT
Sl % BT 0 LI-BWER B TN L AP
W5 2B kR Z & ¢ 4 (50 mg/L) > 0.5%2 ARk
BT 4 AN F L »f,—,é}_.iuf o 1) = ,%@i
E R ﬁzﬁ A pE > F o FlIEALEL B

3;/}’ HoRRFLP2ZRT kR 2% F&ﬁ%‘
e > Wikt F2frdlims BF o A S q
Ffp kA 0 OS%F K ICRE L LT A
Eco-Clean z % 4c » ¥ 4vig TCE 2z k3% R s
F oRERMBEAGWZ F A TR
Eco-Clean ¥t TCE 2. k% B %z - &3 4 FHH
PRI EERT o R G RE G R2ME A
LA F T SRR AT 0 b 0.5% B A
1% Eco-Clean i 2™ » fie & HiGriph B4 e *
Z_ ﬁf/r’"Jﬁ ’ —}’/\'q‘]!b-ﬁ\/i 12 57 5 Lb?"'é"f g
gy iR RE v—rﬁrﬁf RAE > ¥ 3 2% "f TCE
2HARERAY - FLBRRET 0 AL TRZ
ff,';:.fl 13 > BE—- 7 (72 /f%/r'—5 ;4o ]‘E.]éfﬁ—lﬁrﬁ,

VIR BRI R T ERTE ) 03 I AP BE 1T Sl
Mg i 2§ 2 %~ Fissld  ERpP - RY
LFRTEH ﬂ”“w#?

Abstract

In this study, a treatment train composed of
chemical oxidation and anaerobic bioremediation
was applied to remediate trichloroethylene
(TCE)-contaminated  groundwater.  Soil  and
groundwater collected from a TCE-contaminated

52

site were used for batch and column experiments.
The treatment train used in this study consisted of
persulfate oxidation, anaerobic bioremediation
reagents, and persulfate release materials. Results of
batch experiments show high concentrations of TCE
(50 mg/L) could be removed rapidly by 1 to 5%
persulfate addition during 1 day of reaction. The
addition of 0.5% persulfate could also oxidize TCE
completely during a 4-day reaction. Ferrous
ion-activated persulfate may cause the residual of
TCE due to the rapid consumption of persulfate by
ferrous ions. Significant inhibition of soil bacteria
was observed with the addition of persulfate higher
than 2%. Results of microcosm study reveal
dechlorinating bacteria were present at the site. The
addition of 0.5% the commercial anaerobic
bioremediation reagent, Eco-Clean, could enhance
the dechlorination of TCE effectively. No significant
effects on TCE removal were observed with the
presence of high concentrations of sulfate (5%). The
results show the proposed treatment train would be
feasible for groundwater remediation. However,
field pilot study needs to be conducted to further
evaluate the effectiveness of the treatment train on
field applications.

Keywords: Trichloroethylene (TCE); Treatment
Train; Persulfate; Anaerobic Bioremediation
Reagent; Oxidant Release Material
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(rebound) % » ;2 i & FIo P R o d AR
BORFAFATEFEEABRBR ST
RO 2 FEISHT  SZ FREG SR R
¥ 3 »cd g TCE FEALERY L DR L o
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2. TR EVRY AR T EM I TCE 2
SR

. TR

B E*'?fi
RE 2 RH

RE AP 7EHERZ TCE
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AT EFHRIEEZ P TR IME R
TCE 542 3Fh o 4 34 7 FFHE
Eco-Clean 2. Jx¥ 2 # 4 7 &4 o

32 A3

AR TCEZ RIAY RR? 1§ AP R AT R
[ X 5 3 S 14 i 72 (gas chormatograph flame
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Fatr o £ 2% R 2 2% NIEA S321.63B
% NIEA M104.01C - # 37 Fi% #icte B = 2 %3
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34 HXR%EFHRAK
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L A
41 R RAFEF
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6] FFz F BPERF N > & 1 2% NaoS,0g/Fe”
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Mo AFHRTCEA 4 ER Y5 5mg/lL-B 4 57
f¢= Eco-Clean /iklizT e T TCE 2 "%f3%2% - 9 5%
R R PR kB Eco-Clean z_ 7% 4v » /2 ¥
4 esfie TCE 2§ 2 4% 2 - & % 100 =
Eﬁ‘r’O 05~1+2 % 5% Eco-Clean ez TCE

¥ fEs g e W) 5 50~ 97 ~ 100 ~ 100 2 100%0’1‘
4r 0.5% Eco- Clean T g s 2 TCE 2 '% fiz»



2014 i3

FIX ™

LHANTATRER | 103 RIPNE FREORABEENDARRANIANE
F 5 @ 1%+ Eco-Clean ﬂr dez mwl s BV RE

¥ 7% T k5 4§ 41428 (0.05 mg/L) - TCE *
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0.24 mL/min > T 22 3 484 5 178 mL > T 2%
TR L 4.056 /) pFo ’?‘fl\ Bzl s 20.28
e F IV H Eco Clean 2_ JE B %% =X i %k 2
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IREFBEIRIZPATR  FeRE LS
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%1" op ARk I EARE ]
2 TCEERFEAE LT X 50 mg/lL > 4 B 40 »~
R ’”’st—%a% [ E TR e R
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ZUIE A W R RIS L
2 {6 > {3~ Eco- Clean & FR¥ 2 #4721
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'\i‘?i [ - LR I B A séﬁ S AR
/E/_Smg/LTCE ’}'3—%(%§; I r)'qil ’Eﬁ"l‘ 7 'H
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> 0.5%z iEFpa®is » DK TCEJER S
PV g "2 i< 1 % 5mg/L (%] 6 (a))° ¥ 1L 2~
S3iREAPFHT R M 2 1%Eco-Clean 2 5
mg/LTCE’~g+: 173 % 2 TCE/‘*';F:%:Z&
?*7319 B RALBMYILZ ER A B KT
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i ] 'LA*?'#%*FY’%&(@(d)) A "FJF Aoz
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5§+12\3 ﬁzﬁénfﬁ:;; 96% - 1 ‘o d "‘ﬁﬁ 4+
5 %44 k5 100%’?,1&1 2 Aok &
TCE 2 H %% f‘*v?f 20 I—(EJG(G)) BT
e Bk BLA AR o

d3F L EARE AR T R
E‘F"ﬁ«‘}iffﬁﬁ‘f’”*i *i'“fﬂﬁ'ml“ii
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c By "‘ﬁ‘}"’f’m'“’j Wi T2 Ry B R

FOE o LA ERE 4 PR T RAAILE > KT
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z FIMB R L F Y ORP E 12 2 dEFnft Bk

LA ER PR IZEMEBIIVER NG
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mo/L> g 452 Ik @R B R & 500 mg/L.

B 1 FlEAR 272~ > ORP ¥ ¥ 4 300
mV oo e e R e Ak R "E i3 200
mV > Flptie o F 42 2 F 413 15 FIRE i b
% % Eco-Clean » ## ORP i&;#r"% i< 3 -200~ -300
mv-224 35 J>>TCERRWz 25 tRRigiE -
B4 TR B AF e o2 ORP X 4 600
mV > g4 5 R ¥ 5 Eco-Clean itz # ¥ - ¥ i
FrEa®ER © "5 KT 500 mg/L> ¢ ¥ ORP v jic*
Moo ¥ adF A 100-200 mV O oo F R sk A
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B FREEFAATETRE TR H S
TpE R ORI E 22 E

¥ 412 22 % 1 3 % Eco-Clean {5 > DOC &
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£ 4,000 mg/L - F B EE BT 0 BRI AL
EEPER A RS BT A R AU Eco Clean
ATk 2 B R WA TCE 2 k¥ B AR
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Bl 3 CREREASFZF R TR
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4.9 F &4 PCR (reverse transcription -
PCR,RT-PCR)

% Jftdp &1 > & diholococcoides § i 4 #- TCE
:ﬁ),%"ﬁté?i VC % ¢ T«Fﬂl (8) o,’[f:é\‘é};%’\:"—'z‘r[gj s
diholococcoides 16S RNA # ] # g2  FAfE 1 & "%
f%;3 4 4 % VC-diholococcoides vcrA £ 7] 5 F 2
BfEL & 25 44 5 VCo dnlA AT H B2 F
ik “§ ﬁ’ﬁ 3 %4 5 L1-DCE - i *= Eco-Clean
@ 0.5%2z ‘e %] & 40 = 2 p¥ iz > Dehalococcoides k&
#Z ; 3423 gene copies/g > § P &?7‘ BRI F
2% o W #-TCE = 2% & © i 40 Eco-Clean
0.5% + Sodium sulfate 0.5%z_ & %] > i jp] d1 2 verA
2z ELU]E‘ % 1105 gene copies/g > Sodium sulfate
05%7 Ewl B 40 % 2 pF > fp A2 verA 2 LT
£ = 498 gene copies/g > tpET F ] 4v Eco-clean
ERRCRT| ”“f.é_]?]’& e};pg j%%co"'ﬁheh]7?
(b) it FITCE Z "% f2picsd 4 ERR2Z 3 F 0 3 - T
gl__r‘sz,ﬁr'ﬁ(? »Ir I.L:féél?] o3 4#;,,,%\_%?
2SR REHER ARG AE R 2R
J}f-‘]"? # TCExZ )2 2%z o

410 FlR2Z A7 %%

DGGE T A B2 &% 4Bl 7 “77 » tLFﬁ?];%f'%iL
FI* Quantity One # Bl 4 47 4 # #- % ‘2 %] 2 F4p
e HeY %d bar GBI FFEF 4
() z bar & Z Iy 2 EATIRLG 2 AP @ 2 d bar
PIE BT 23 le 2 et b 0 2 i g IR 2
-&%‘?PF,—- BE- A T d B E R P
EHEZ G R ’T 4v Eco-Clean % grpkdh 2 25| »
Wb et P AR S R4S EAPRP LR AT
TR F i i #F > i RT-PCR “J’%&;T
T 455;“ 7 “fciﬁf]’ TH A ’#a;/?lﬂm% A

(d)

S

2EcoOean 0.5%550)
1 Eco-Clem 2N110)
4 EcoCem 0 $hetodims
satane 0 5%(55D)

§ Sodirs Sulie 09%
6 Eco-Llean 0 5%(400)
T EcoCean 2400,
B §-Eco-Clem 0 5%+ Sodum
B vatfate 0 $%(800)

Sl & S Sutie
0.5%(400)

()
B 6 ¢ +7 5% TCE k& % Bl(a) Column 1; (b)
Column 2; (c) Column 3; (d) Column 4; (e)
Column 5

B 7 #0855 ] Fin A 4 W
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PP o 2%% 5%z AR 0 Hilkd P2 drdliE
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B

ﬁiﬁ—? BRI B A kY pH AT
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i WE R TR EAIERE 2R
& & %i}éfiiﬁﬁﬁ;% R S TP ¥ E -3

5.2 4 44T

BRAMBEAZ 3 AP TCEZRE p R4 P
R m P AR $°WL’%i;ﬁrmﬁ@¥
s &4 2 F a7 RE WTCE p@ﬁ T2
R4 4% 2 - Eco-Clean 3 Bt e 42 2 & ’IFL
¥ pcd 7 41 * Eco-Clean ,iﬁxw\,@ » duvig
TCE 2 3 Bz > #7° i cis-DCE 5 s %%
ZEMEBAY c B G hRV e iR R
A4 TCE 2 k¥ "7 P g~ (F
oo FRfgilz 3 Ao % B4 Eco-Clean ¥ TCE
2 RF BRIy AFEE o ¥ & TCE ' 2

Bl A 4 kAR 2w 0.5-1% % 5 Eco-Clean 3=
et v T2 kR
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PG I WE SR PE
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Abstract

This study used a novel photocatalytic
technology to treat trichloroethylene (TCE) in
groundwater. The effect of photocatalysis of
groundwater containing TCE under different
operating conditions and its treatment efficiency
were investigated. Plastic optical fibers coated with
two commercialized photocatalysts on their surface
were used in this study. The treatment of TEC in
aqueous phase was conducted as the pre-test of the

treatment of modeling groundwater in a soil column.
The experimental results showed that the
photocatalytic efficiency decreased as the number
of coating of catalyst increased. Higher light
intensity and treatment time resulted in higher
photocatalytic efficiency. Furthermore, a great
amount of hydroxyl radicals (¢OH) was generated at
alkaline pH conditions due to the higher
concentration of OH™ existed in water samples. The
para-chlorobenzoic acid (pCBA) was used to
experimentally ~ determine  hydroxyl  radical
exposure per UV fluence (Ronuv) from the
photocatalytic reaction. The results showed that
pH10 is the optimal pH to generate hydroxyl
radicals. The energy gap of two catalysts and their
specific  absorption  wavelength  were also
determined. The L-H photocatalytic reaction kinetic
model (Langmuir-Hinshelwood model) was applied
and discussed.

Soil columns containing test media (quartz
sands and NPUST soil) were used in fiber optic
catalysis to simulate the treatment of groundwater
contaminated by TCE. Experimental data
demonstrated that the NPUST soil containing
organic matter decreased the photocatalytic
efficiency. The enhancement of light intensity
promoted the value of Ron vy, Which indicated that
the formation of hydroxyl radicals was stimulated.
Three sampling ports of the soli column at different
depths were used to evaluate the effective length of
optical fibers. The results showed that the efficiency
of photocatalysis decreased as the optical fiber far
away from the light source. Finally, the
concentration of chloride ions generated after
photocatalysis and the TOC removal efficiency
were investigated. The results showed that
photocatalysis through optical fibers can effectively
decrease the concentration of TCE, and optical
fibers coated with TiO, catalysts showed better
photocatalytic efficiency than ZnO catalysts.

Key word: photocatalysis; optical fiber;
trichloroethylene; groundwater; titanium oxide
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Abstract

The chlorinated solvent (PCE, TCE,
1.2.2-TAC, and CT) has ignitable, explosive,
low-melting, and high pressure characteristics, and
are often used for cleansing solvent in industries. In
the past, we did not realize the issue how we can
prevent our dwelling environments near soils or
groundwater from contamination, thus leading to
the accidental leakage of the chlorinated solvent
into the groundwater. Bioremediation is a friendly,
cost-effective, and safe technique which is
commonly used for remediation in contaminated
sites. Bioaugmentation is to add exogenous
microorganisms with the potential to degrade
polluted chemicals. In this study, we hope to detect
the presence of one dehalococcus species with the
ability for degrading the chlorinated solvent, and
then harvest it for application of bioaugmentation.

In the mid-term report, our research field trial
is located in 4 = % X & @ {7 £ decreased to the
undetected level the monitoring well, we indicated
that the degradation of the chlorinated solvent
occurs. To assure the success of bioremediation in
our field trial, we need to confirm the presence of
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Dehalococoides for future application. In this study,
we will first apply the metagenome and gPCR to
detect the change of bacterial community before
and after bioremediation, and prove the role of
Dehalococoides in field trial contaminated with the
chlorinated solvent. We herein emphasize that the
advantages of metagenome over other molecular
techniques are to prove more information about the
population of each bacterial genus and even in
species within the soils or water, and also to be a
fast, and high accurate technique. With this
bioremediation proposal, we hope that our
biomediation strategies can prove the standard
model for the degradation of the chlorinated solvent
in field trial.

Keywords: Bioremediation, chloroethene,

Metagenome,
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Abstract

In this study, a wind-driven bioventing pilot

for the high-concentration (about 20,000 mg/kg)
diesel contaminated soil was established in the
laboratory.  According to the analysis, the soil
adopted belongs to the sandy loam, which is
suitable for the contamination remediation by using
the bioventing equipment. During the experiment,
a bubble respirometer complete with the bioslurry
method was used to monitor the microbial activity
in soil, in order to explore the relationship between
the effectiveness of the diesel contaminated soil
remediation with the bioventing method and the
microbial activity. All venting groups presented
the degradation tendency after three kinds of
microorganisms having the diesel degradation
ability and appropriate amount of nutrient sources
were added in the pilot. The remaining ratio of
diesel concentration (C/CQ) of Bacillus subtilis and
Pseudomonas putida was about 0.65 after 3 days of
experiment and that of Achromobacter xylosoxidans
was only about 0.80.  After 30 days of experiment,
the mixed of the three kinds of microorganisms
resulted in the significant reduction of the
contaminant concentration and the remaining ratio
of contaminant concentration able to reach 0.30,
which is the optimal degradation tendency
compared with the rest of individual microorganism.
The monitoring of microorganisms respiration were
carried out with a bubble respirometer on each
microorganism during the diesel degradation. An
activity curve was plotted by summarizing and
mapping the oxygen uptake rates during the first 24
hours of each batch of experiments. Using the
curve variance, the microbial activity tendency can
be assessed. The respiration tests showed that
after the addition of the nutrient sources in the
bioventing pilot, the microbial activity of Bacillus

subtilis and Pseudomonas putida increased
continuously for two weeks; the activity of
Achromobacter xylosoxidans increased

continuously for three weeks; and the activity of the
three kinds of microorganisms mixing only
decreased gradually after four weeks of continuous
increase. Comparison of the oxygen uptake rate
activity curve and the diesel degradation tendency
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showed that both can present a certain degree of
correlation in the curves, and it is shown that the
oxygen uptake rate activity curve can be used as the
effectiveness assessment method in the process of

diesel  contaminant  degradation by the
microorganisms.

Keywords: Passive bioventing, Diesel
contaminated soil, Diesel degraded

microorganisms, Bubble respirometer, Bioslurry
method
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Abstract

The continuously development of industries
over the decades in Taiwan has brought about many
soil and underground water pollutions. The pipeline
of the huge oil tank in gas stations and
petrochemical factories are installed underground.

76

The problems of the pipeline such as erosion caused
by aging and poor maintenance will cause oil
leakage and the chance will increased with the year
of usage. It greatly affects the soil and underground
water as well as being a threat to the living safety of
the residents nearby. Fenton-like reaction is a soil
and underground chemical oxidation remediation
technology derived from Fenton reaction. This
remediation technology is achieved by using iron
oxides to catalyze H,O, and produce free hydroxyl
radicals to destroy the organic pollutants in the soil
or underground water, in order to lower the pollutant
toxicity and mineralize them to H,O and CO,.
Fenton-like reaction has many great advantages
including low-cost, accessible and non-toxic, which
give it a great potential to be developed.

The preliminary result showed that the
releasing efficiency of system OH free radicals can
be discussed with pCBA pseudo-first-order model.
Further study applies Type A iron-oxide composite
material to column test, to simulate permeable
reactive barriers to remove ground water organic
pollutant. It is showed from grinding filling column
and block filling column tests that, the longer the
column length, the higher the pollutant degradation
concentration. The effect remains unchanged even
with 5 sampling runs. In the test with grinding filling
column, the highest removal rate of BETX is 94%,
and the highest removal rate of MTBE is 53%. In the
test with block filling column, the highest removal
rate of BETX is 46%, and the highest removal rate
of MTBE is 70%. The column length is 30 cm only,
inferring from the tendency of pollutant degradation,
lengthen the length of the column should increase
the removal rate of the pollutant; and develop the
reactive material which has the potential to be used
as Fenton-like permeable reactive barriers

Keywords: Fenton-like, green materials, PRB,
sustained releasing form
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A study on soil and groundwater pollution remediation and
redevelopment of the surrounding
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Abstract

Does soil and groundwater  pollution
remediation and redevelopment will raise the

surrounding real estate prices? We analysis this issue
through hedonic price method and contingent
valuation method. So far, we found the HPM method
will be restricted from the trading case which we can
get so it is difficult to estimate the impact. Therefore,
we will estimate the price that people are willing to
pay for soil and groundwater pollution remediation

or redevelopment. We found that the average WTP
of remediation is 11.58 ten thousand dollars, and the
average WTP of remediation combined with
redevelopment is 13.97 ten thousand dollars. It show
remediation combined with redevelopment had a
more significant impact for prices. Finally, we
propose some suggestions of the institutions and
laws amendments.

Keywords: Soil and Groundwater; Hedonic Price

Method;  Willingness to Pay; Pollution
Remediation
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Establish the assessment database and the re-development mechanism
of the brownfields in Taiwan.
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Abstract

After reviewing the legal definition of

‘brownfield’ of other countries and the context of
contaminated land in Taiwan, the research team
suggested the legal definition of brownfield for
Taiwan should be ‘High pollution potential sites,
pollution control sites, and pollution remediation
sites. Also, the research team designed the roadmap
(with the assessment database) embedded into the
legal framework of the current urban/suburban plans
and environmental impact assessment process for
the reutilization of brownfield.

In this research, the 25 year period was
designed for cleanup, construction, and reutilization.
The research team selected several key factors to

90

evaluate the reutilization of brownfields on
environmental, economic, and social aspects.

In the future, with the expanding database, the
research team could develop a brownfield map that
covers a larger geographical region for the policy
makers to plan the reutilization of brownfield.

Keywords: Brownfield; Contaminated land;
management; assessment database
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Abstract

This project consists of two parts, namely
continuous column experiments and scale-up
module experiments. The control factors include
pollutants (oxidative contaminants and heavy
metals), hydraulic factor (porosity, soil composition
and flow rate) and soil types. In the continuous
column experiment, customized PVC column was
used (length of 100 cm and inside diameter of 5 cm).

In the scale-up module experiment, customized
column was used (length of 100 cm and inside
diameter of 100 cm). In the oxidative contaminants
experiment the formic acid is used as probe pollutant,
the amount of aluminum-iron bimetal is 450 g, and
flow rate is 22 mL/min, and operating time is up to
32 days. The volume of treatment water
accumulated to 506.88 L. The formic acid removal
efficiency is 50% until now, and the capacity is 48.9
o/kg. The performance of the material has not been
invalidated. In the scale-up module experiment, the
chromium (IV) is used as probe pollutant. , the
amount of aluminum-iron bimetal is 80 kg, flow rate
is 145 mL/min, and operating time is up to 32 days.
The volume of treatment water accumulated to
6681.6 L. The chromium (IV) removal efficiency is
100% until now. The performance of the material
has not been invalidated.

Keywords: Aluminum-iron bimetal, Aluminum,
Oxidative contaminant, Heavy metal, Permeable
reactive barrier
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Abstract

This project aims to enlarge the coverage to
any necessary removal expenses and remediation
costs induced by pollution will be covered by
insurance to ensure the implementation of
restoration for environmental pollution. Referring
to the soil pollution insurance covered by foreign
insurance policies, this study chooses Taiwan’s
listed companies in gas and electricity industry,
chemical industry, steel industry, semiconductor
industry and optoelectronics industry, to perform an
investigation by questionnaire. The empirical
results indicate that each risk perception does not
demonstrate a difference among industries. Next,
both sudden and accidental pollution and gradual
pollution will affect the risk perception of potential
polluters. However, potential polluters worry about
the damage caused by sudden and accidental
pollution events more than the damage caused by
gradual pollution events. In addition, interviewees
worry more about the damage caused by employee
carelessness and waste pollution, but generally
neglect the pollution characteristics of its own
industry and the possible polluted damage occurred
during the transportation procedure.

Value is the core of transactions. When
purchasing goods and service, consumers will
have a subjective value, which is then turned into

the monetary form as the willingness to pay. In
fact, insurance companies use the rate base to
accurately calculate the insurance premium when
designing the environmental pollution insurance
program. However, whether the calculated
premium is below the willingness to pay of
consumers will directly affect their purchase
intention, which then determines the success of the
environmental pollution insurance. Therefore, this
study plans to explore the relationship between the
subjective perception of risk for polluters and the
willingness to pay. The results will provide
valuable inference for the authority and insurance
companies.

Keywords : environmental pollution insurance,
willingness to pay, premium.
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Abstract

According to recent regulations, sediment
properties of major rivers should be conducted at
least once during wet season and dry season to
establish the sediment quality data base and update
the baseline for each major river. Current standard
practice of sediment sampling may be limited in
terms of spatial representativeness and working
efficiency. Geophysical methods are often suggested
to complement sampling for investigation of
sediment coverage, thickness, and even pollution
potential in large scale. However, current

geophysical practice has limited investigation depth
and lacks quantification approach. The difference in
physical and electrical properties of sediment affects
electrical current flow and electromagnetic wave
propagation in sediment, providing the basis for the
application of geophysical methods in sediment
investigation. Therefore, there is a need to better
understand the electrical properties of sediments to
improve interpretation of geophysical methods. The
objective of this study is to develop a field
measurement penetrometer that is easy to assemble
and operate for measuring sediment thickness and
profiling electrical properties. The measurement will
take advantages of time domain reflectometry (TDR)
technique to simultaneously provide apparent
dielectric constant and electrical conductivity
estimation by time domain analysis. Wide-band
dielectric spectroscopy method will also be
developed based on TDR  measurement.
Penetrometer measurements developed in this study
will serve the basis for quantitative interpretation of
electrical geophysical method and facilitate fast
investigation of sediment coverage, thickness, and
pollution potential.

Keywords: Electrical Conductivity, Electrical

Permittivity, Geophysics survey
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Abstract

The study strategy of this proposed study is to
design and build a mdium-sized ecosystem
(mesocosm) providing aquaculture with the entire
food chain in the aquatic ecosystem, in which to
assess the bioaccumulation of toxic persistent
organic contaminants (POPs) from sediments. The
basic framework of the research program is to put
different trophic levels of the aquatic food chain in

the same tank. Each trophic level of the
experimented species will be exposed to the same
sediment pollution levels (polycyclic aromatic
hydrocarbons; PAHS), environmental factors, and
diet that they would have been exposed to in the
wild, in order to minimize variations in the analysis
of accumulation and biomagnification of the PAHSs.
Also, we initially establish the ECOPATH model of
the food web in this mesocosm system for further
development of ECOTRACER model to assess the
bioaccumulation and biomagnification of many
other toxic persistent contaminants.

Keywords: sediment, Artemia salina, Oryzias
latipes, Istigobius ornatus, PAHS, mesocosm,
ECOPATH.
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Abstract

In this study phenanthrene (PA) was used as the
model compound representing polycyclic aromatic
hydrocarbons (PAHSs) in sediment. Effects of various
sediment textures, sediment organic contents (SOC)
and aging periods of contamination on PA
bioavailability were investigated. Solid phase
microextraction  (SPME) coupled to gas
chromatography was employed to estimate the PA
bioavailability  in  sediments.  Results  of
biodegradation tests indicated that biodegradation
rates increased from 0.23 (sandy loam) to 0.52 (silty
loam) ug g h™ for the indigenous and 0.25 (sandy
loam) to 0.66 (silty loam) xg g™h™ for the seeded. In
contrast, biodegradation rates decreased from 0.23
(1.3% SOC) to 0.08 (7.6% SOC) ug g™*h™ for the
indigenous while that remained similarly for the
seeded. The amounts of biodegraded PA also
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decreased to 35% (the indigenous) and 41% (the
seeded), indicating that distributions of PA in
sediments at biodegradation end points were affected
by the SOC. Sequestration of PA as measured by
sonication extraction was evidently occurred within
4 months in aged sediment samples. The SPME
measurements correlated very well with the amount
of PA degraded by indigenous (correlation
coefficient, R* = 0.98) and seeded (R? = 0.95)
microorganisms,  respectively, in the tested
sediments with the various properties.

Keywords:  Solid Phase  Microextraction;
Bioavailability; Phenanthrene; aging

= ~ Introduction

Phenanthrene (PA) belongs to polycyclic
aromatic hydrocarbons (PAHSs) that are ubiquitous
environmental contaminants arising from a variety
of sources including fossil fuel combustion, oil spills
and some industrial processes. PA and other high
molecular mass PAHs are suggested to be either
probable or possible human  carcinogens
(Mahadevan et al., 2005) and have been identified as
priority pollutants by the US, the EC as well as
Taiwan.

Subsurface PAH contamination occurs because
of their adsorption to sediments and soils (Cuypers,
2001). Bioremediation has been employed to reduce
the concentrations of PAHs in the contaminated
sediments and soils. Bioremediation can be defined
as the biotransformation by microorganisms that
changes forms of or degrades contaminants,
resulting in the formation of less or non-toxic
components. Most microorganisms require high
water activity for active metabolism (Maier et al.,
2000). Thus, bioremediation would be effective
when contaminants are available in water-soluble
forms and are susceptible to biodegradation. The

contaminants that rapidly disappear during
bioremediation are characterized with good
bioavailability —and biodegradability.  Several

definitions of bioavailability have been used in
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different scientific fields. We follow the definition
given by Cuypers (2001), “bioavailability is the
ability of a contaminant to desorb to the aqueous
phase, with the time frame of an experiment, under
infinite dilution conditions.”

In practice, many chemical methods have been
developed to assess bioavailability of organic
contaminants in sediments and soils. Exhaustive
extractions of contaminants by strong acids,
chelating agents, and solvents are commonly used.
Basically, these extraction methods are not
time-consuming, but still limitations may exist

owing to their adverse effects of
destruction/alteration/swelling  on  sediment/soil
structure. Therefore, very often, contaminant

bioavailability is overestimated because the
exhaustively extracted amounts are considerably
higher than that can be biodegraded by
microorganisms, i.e., the bioavailable fraction.

Recently many alternative non-exhaustive
(mild) extraction techniques have emerged (Kelsey
et al., 1997; Mayer et al., 2000; Parkerton et al.,
2000; Reid et al., 2000; Cornelissen et al., 2001,
Cuypers et al.,, 2002; Hendriks, 2003). These
non-exhaustive techniques seek to establish the
partitioning of contaminants with respect to their
availability.  Thus, non-exhaustive  extraction
techniques would allow more appropriate
assessment for contaminant transfer along a
biodegradation pathway. Among these
non-exhaustive  techniques is solid phase
microextraction (SPME). SPME was introduced by
Arthur and Pawliszyn (1990) and has become
attractive in the analysis of volatile and semi-volatile
contaminants. SPME fibers are made of a fine silica
fiber backbone that is coated with a thin film of
organic  polymer (e.g.,, polydimethylsiloxane
(PDMS), polyacrylate (PA)) to adsorb target
compounds from aqueous solutions or the headspace
over condensed phases. Recently, complex
hydrocarbon mixtures of toluene, o-xylene, and 4
polycyclic aromatics were tested using SPME to
predict toxicity to rainbow trout (Parkerton et al.,
2000). Their result indicated that the fractions
extracted from aqueous samples by SPME correlated
to the amounts triggered acute toxicity. In addition,
the optimal conditions of SPME for extracting
commercial diesel fuel from soil has been reported
(Cam and Gagni, 2001), where the use of 100-um
PDMS was recommended.

While the use of non-exhaustive techniques
may be more appropriate than exhaustive extraction
for contaminated sediments/soils, they may still
insufficiently mimic the processes inherent to

bioavailability. A proper method to mimic
bioavailability must be shown to correlate with
uptake or degradation by microorganisms. It has
been proposed that contaminant mass transfer, from
solid phase to pore water, governs microbial
bioavailability (Reid et al., 2000), in particular, the
size of the rapidly desorbable fraction (Cornelissen
et al., 1998). Hence, the objectives of the present
study were to further validate SPME for its ability to
correlate with bioavailability to microorganisms
capable of degrading PA in sediment pore water.
Different sediment textures, sediment organic
contents (SOC) and aging periods were investigated
for their effects on the PA
bioremediation/bioavailability.

= ~ Materials and Methods

Several sediments with different properties in
textures, SOC and aging were evaluated with respect
to total PA, extracted PA from pore water by SPME
and residual PA remaining following bioremediation
assays. The amounts extracted by SPME were
eventually correlated with the amounts degraded by
indigenous and seeded microorganisms, respectively.
Theoretical considerations as well as mathematical
calculations have been described in the thesis written
by Hendriks (2003). Both SPME and bioremediation
experiments were conducted at 20 °C.

The original sediment was collected from an
irrigation ditch in Chang Hua County, Taiwan. This
sediment was air-dried for 3 d (water content < 3%,
w/w) and passed through a 0.42-mm mesh sieve to
remove vascular materials. The sieved sediment,
hereafter referred to as the “original sediment,” was
characterized as sandy loam with an organic carbon
content (SOC) of 1.3% (w/w) and pH=7.7.

To investigate the effects of the sediment
properties on PA bioremediation /bioavailability, the
sediment texture and the SOC were amended by
adding designed amounts of a silt/clay mixture and
bagasse compost to the original sediment,
respectively. The silt/clay mixture was made by
sieving the original sediment with a 0.075-mm mesh
sieve. A loam sediment was then obtained by adding
the silt/clay mixture to the original with a ratio of 1
to 4 based on dry weight, and a silty loam sediment
2 to 3. The bagasse compost was sieved with a
0.42-mm mesh sieve and added to the original
sediment, resulting in the sediments having SOC of
5.2 and 7.6%. All differently prepared sediments
were then sterilized by 25 kGy y-irradiation for 30
min. using a ®Co source (China Biotech, Taichung,
Taiwan) and stored in dark at 4 °C before use. The
sterilization was done to isolate and quantify the
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effects of sediment properties and aging on PA
bioavailability in the absence of microbial
degradation. For aging experiments, some of the
sterile, original sediment was spiked with PA
(described below) and air-tight sealed and stored for
4, 8, 12, and16 months.

A stock solution of PA (Aldrich, purity > 98),
5,000 mg L™, was made by dissolving 0.2 g PA in
40-mL acetone. The sterilized sediments were spiked
aseptically with the PA stock solution to a final
concentration of 100 xg PA g* sediment. The
PA-spiked sediments were agitated on an
end-over-end shaker for 24 h to ensure thorough
mixing, then they were vacuumed to let PA transfer
into the sediments, and placed in a fume hood, and
acetone was allowed to evaporate. Duplicate or
triplicate samples of the sediments were measured
for SPME and biodegradation by seeded and
indigenous microorganisms.

The “direct SPME” method was adapted from
that described by Hendriks (2003). Portable field
samplers with SPME fibers of 10 mm length with a
100-um PDMS coating were purchased from
Supelco (cat. no. 504823; Bellefonte, CA). The
volume of the fiber coating was 0.612 xL (Supelco).
After 36 h of the sediment spiking, the fiber was
inserted into the sediment bottle through a syringe
needle that pierced the septum. The needle was
immediately withdrawn and the fiber remained in
the serum bottle for a 0.5 h period in contact with
the aqueous phase. The extraction was terminated by
retracting the fiber through the septum.

Within 5 seconds after completion of the
sampling the fibers were introduced into an injector
of a gas chromatography (GC, Agilent 6890N) for
thermal desorption. The fibers entered the injector
through a needle that pierced the injector septum and
stayed in the injector for 3-min. desorption. The GC
was equipped with a flame ionization detector (FID)
and a capillary column (DB-5, 30 mx0.32 mm
IDx1.0 um film thickness, J&W Scientific) was used
with pure nitrogen as carrier gas at 50 psi. The
temperatures of the injector and the detector were
270 and 300 °C, respectively. The oven temperature
program started at 120 °C, and increased to 300 °C
at a rate of 20 °C/min, and held for 4 min. Retention
times of 1-methyl-Nap (as internal standard) and PA
were 2.56 and 8.89 min., respectively, and the
method detection limit (MDL) was 1 ug L™ (S/N>3).

The bioavailable fractions of PA in all aged,
fresh, and texture-/SOC-amended and unamended
sediment  samples  were  determined by
biodegradation tests wusing batch-wise assays
conducted over a period of approx. 350 h. Either
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indigenous or seeded (PA-acclimated)
microorganisms adjusted to 3x10° CFU g* sediment
were added to all the sediment samples. The
indigenous were obtained from the original sediment
following the method reported elsewhere (Nikiema
et al., 2005), whilst the seeded were taken from a
chemostat fed with PA. The latter were identified,
consisting Pseudomonas rhodesiae, Rhodococcus
rubber, and Serratia marcescens that are known
degraders of aromatic compounds (unpublished
data). The non-added served as the control.
Extraction of PA residues in bioassay samples was
done by sonication (sonicator 3000, Misonix)
following the method NIEA 167.00C provided by
Taiwan EPA (2002).

= ~ Results & Discussion

1. Effects of Sediment Properties on PA
Degradation

The sediments differed in textures, SOC and
aging time were compared for their effects on PA
degradation by the indigenous or the seeded
(PA-acclimated) cultures. Fig. 1 and 2 respectively
represent the PA degradation in the sediments with
different textures and SOC. Without significant lag
periods, PA was more rapidly degraded in the seeded
sediment, indicating the importance of acclimation.
This was also the case for the sediments with more
silt/clay (Fig. 1). Overall biodegradation rates of PA
increased from 0.23 (sandy loam) to 0.52 (silty loam)
ug gt h for the indigenous and 0.25 (sandy loam) to
0.66 (silty loam) ug g™ h™ for the seeded. Zhang and
Young (1997) reported that PA degradation was
faster in sediments containing more fines. Since the
initial concentrations of microorganisms were the
same, the faster degradation rate observed in this
study can only be attributed to the higher specific
surface area of the finer particulate (Mott, 1990)
instead of the higher microbial concentration
prevailed in it (Hall et al., 2005).

For the indigenous sediment, PA degradation
was slower when the SOC was higher (Fig. 2), the
biodegradation rate decreased from 0.23 (1.3% SOC)
to 0.08 (7.6% SOC) ug g* h'. This finding
suggests that more PA could have portioned into the
sediment with higher SOC. In contrast, the
biodegradation rates remained similarly for the
seeded, possibly due to microbial effects like
bio-surfactant excretion (Jordan et al., 1999) that
lessened the partition by increasing PA solubility and
thus enhancing bioavailability.

The total amounts of the biodegraded PA were
not significantly different in the sediments with
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different textures for both the indigenous and the
seeded (Fig. 1). With respect to SOC effects,
however, the total amounts of the biodegraded PA in
the sediment with SOC of 7.6% decreased to 35%
(the indigenous) and 41% (the seeded) of the
original (SOC 1.3%), indicating that distributions of
PA in the sediments at biodegradation end points
were strongly affected by the SOC. The big
differences in the initial concentrations (Fig. 2)
further suggested that PA could have portioned into
bagasse compost.

Fig. 3 illustrates the final distributions of PA in
the seeded sediments with different textures and
SOC. Again, we can clearly see that the SOC, rather
than the sediment texture, had more adverse effects
on the bioavailability to microbial degradation. The
huge portion (59.3%) of the non-extractable PA in
the sediment with an SOC of 7.6% indicates that PA
was stably retained in the sediment. In line with this,
although higher SOC results in lower bioavailability,
leading to poor bioremediation efficacy, addition of
natural organic sorbent like bagasse compost to
contaminated soils may be advantageous in reducing
risks of soil contamination (Tang et al., 2007, 2008).

Regarding the aging effects, Fig. 4 shows that
the sequestration of PA as measured by sonication
extraction was evidently occurred within 4 months
in aged sediment samples. However, the amounts
extracted by sonication at 4, 8, 12 and 16 months of
aging were not statistically different. It has to be
noted that the SOC in the aging experiment was
merely 1.3%. It is therefore reasonable to anticipate
that severe sequestration could occur in the
sediments with higher SOC (Cornelissen et al.,
1998a; Nam et al., 1998; Chung and Alexander,
2002).

2. Estimation of PA Bioavailability by SPME

We have mentioned above that bioavailability
of PA decreased with increasing of SOC and aging.
No matter if the decrease of bioavailability would be
beneficial to risk reduction or disadvantageous to
bioremediation, it is worthwhile to estimate the
bioavailability prior to commencing remedial
activities or not.

Fig. 5 shows that the SPME measurements
correlated very well with the amount of PA degraded
by indigenous (correlation coefficient, R*= 0.98) and
seeded (R*=0.95) microorganisms, respectively, in
sediments with the different properties. Lei et al.,
(2004) employed XAD-2 for the estimation of PAH
bioavailability to benthic organisms and found an R?
of 0.87. In an earlier research (Reid et al., 2000),
HPCD was applied for the similar purposes where

an R? of 0.96 was achieved. To the best of our
knowledge, however, SPME is a more convenient
method with lower cost compared to XAD-2 and
HPCD, respectively. The excellent results obtained
in the present study demonstrate that the rapid
method, @ SPME, can replace traditional,
time-consuming biodegradation tests for predicting
bioremediation efficacy and evaluating risks.

I ~ Conclusions

Variations of biodegradation and bioavailability
were observed for the different sediments with
seeded and indigenous microorganisms, respectively.
Results of biodegradation tests indicated that
biodegradation rate increased by the higher specific
surface area of the finer sediment. Besides, the total
amounts of the biodegraded PA was decreased when
increasing the SOC and aging period. This finding
suggests that more PA could have portioned into the
SOC. The present article demonstrates that not only
can SPME-measured bioavailability be used to
predict the efficacy of bioremediation, but also as a
good parameter in  risk assessment  of
PA-contaminated sites.
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Fig. 1 Effects of sediment textures on the

biodegradation of PA by (A) the indigenous and
(B) the seeded microorganisms. (Sandy loam =
the original).
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Sources of Oily Pollutants in Harbor Sediments
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Abstract

In the past decades, several Sediment Quality
Guidelines (SQGs) were popular adopted in the US
and Canada to protect aquatic organisms. Basic
concepts of “SQGs” are applying certain kinds of
toxicology tests to evaluate the adverse effects to
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certain kinds of aquatic organisms. Before year
2011, Taiwan did not have the related sediment
regulations.  However, a more comprehensive
laws and regulations are certainly needed for those
high polluted area of Taiwan.  Thus, basic
researches are necessary to investigate and improve
the polluted situations and being adopted into new
regulations in the near future. Unlike the western
coast of Taiwan, harbors that are located in the
eastern part are normally less polluted environment.
Thus, establishing of biomarkers’ environmental
forensics technology is necessary for the future
generation. Therefore, our research objectives are
focus on the investigating the biomarkers and
establish a proper environmental forensics
technology for the two major harbors in this area.
Two fishing harbors in the eastern coast were
investigated and  environmental  forensics
technologies were applied. The biomarker
compounds in the related oil products and in the
sediments were studied. The studied biomarker
compounds are bicyclic sesquiterpanes (BSS),
terpanes, steranes and the listed major 16 PAHSs by
the USEPA. A serious of environmental forensics
procedures were conducted and the possible
biomarkers in the samples were identified and
guantified.  The results of normalization and
application of diagnostic ratios show that there are
close statistic relations among studied lubricant oils
and sediment samples and confirm the sources of
pollution.

Aromatic
Biomarkers,

Keywords: Sediment, Polycyclic
Hydrocarbons (PAHS),
environmental forensics
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Abstract

River sediments play an imperative role in
ecosystems, such as self-cleaning capacity,
planktonic habitat, and benthic organismal habitat.
Once contaminated by recalcitrant organic pollutants,
the contaminant may enter human body or other
organisms through food chains resulting adverse
health effects and detriment of ecosystems. Taking
Er-Ren River as an example, according to the
literatures, its seddiment is heavily polluted
phthalates (PAs). Among them, the concentration of
di-(2-ethylhexyl) phthalate (DEHP) is above the
regulated standard. However, a cost-effective in-situ
remediation technology does not exist yet. In the lab,
the half-lives of the four regulated PAs under aerobic
conditions are less than 1 month but much longer
under anaerobic conditions, which is the prevailing
condition in river sediments. For example, the
half-life of DEHP in sediment is as long as 347 days.
Since sediment is the ultimate accumulation
environmental media of PAs, successful remediation
of PAs in sediments will substantially cut down the
mass of PAs in our surroundings and contribute
greatly to the health of human. This study is aimed
to remove PAs in river sediment by implementing a
pilot study at the Er-Ren River in the southern
Taiwan. To meet the demand of rapid detection and
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guantification of DEHP in river sediment,
surface-enhanced Raman scattering (SERS) is
employed. The results indicate that the current PA
concentrations in Er-Ren River sediment exceeds the
historical values indicating the river may be polluted
more heavily in recent years. Result on pilot study
showed that engineering intervention may be better
than natural recovery and emulsion-recovery
operation yielded the best result. If DEHP is the
predominant contaminant and weathered,
engineering intervention should be assessed before
implementation. Method of detection limit of SERS
can reach down to 6.67 mg/L in solvent extract of
DEHP which could be interpreted as 0.67 mg/kg in
sediment.  This result indicated that SERS is
probably feasible on rapid detection of DEHP in
river sediments. It is recommended that PA
concentrations in Er-Ren river sediment should be
monitored and the health risk should be assessed in
the near future.

Keywords: Sediment; Pilot study; Phthalates;
Raman scattering; Nanogold; Nanosilver
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Study the characteristics of As in sediments with different size fraction
from hot spring area of Huang Gang Creek, Beitou
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Abstract

The hot spring at Geothermal Valley was took
place 180,000 years ago and the discharge of more
than 0.44 million tons hot spring per year
containing highly mineral substance has led to the
rich lead and arsenic sediments via crystallizing and
adsorbing in Huang Gang Creek up to present.
Performing a sequential extraction procedure (SEP)
can target all potential primary chemical forms of
arsenic in the sediment solid phase, provide the
useful information to explain the distribution
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patterns, mobile status and release mechanism in
the polluted sediments by arsenic. The objective of
this study is to indicate the characteristics of arsenic
by using the SEP and further investigate the arsenic
mobile status and release mechanism via scanning
electron microscope (SEM) and X-ray diffraction
(XRD) in the different particles-size sediments of
Huang Gang Creek (HGC). The results show that
the well-crystallized hydrous oxides of Fe and Al
phase (31 %), the amorphous and poorly-crystalline
hydrous oxides of Fe and Al phase (32 %), and the
specifically-sorbed phase (26 %) were in the
ascendant; the residual phase was in the minority.
In the meanwhile, finer grained sediment samples
tend to have higher concentrations of As.
According to the spectrums of XRD from HGC
sediments, the phenomenon of the mineral
spectrums of beudantite didn’t obviously exist to
indicate the unstable patterns presence due to the
non-specifically sorbed in the most of
contained-arsenic sediments. This phenomenon was
also in accordance with the results of SEP in the
sediments. In other words, the arsenic distribution
patterns could release or change along with the
movement in the sediments of HGC.

Keywords: Sediment; Arsenic;
Extraction; X-ray diffraction
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Abstract

The project investigates the acoustic surveying
tools, including the chirp subbottom profiling system
and the dual-frequency side-scan sonar, to map the
distribution of river sedimentary environments. First
the side-scan sonar measures the acoustic
backscattering strength and can provide the
distribution of bottom roughness and surficial
sediment compaction for the study area. Then the
subbottom profiling system records the acoustic
echoes reflected from the different depths of
sediment. The data provide the sediment thickness
and infer the various physical properties of sediment
(mean grain size, porosity, permeability, density)
from the empirical formula. Integrating the

interpretations of both acoustic measurements gives
more robust estimate of the horizontal variations of
mean grain size and vyield better sediment
classification. To validate the results from acoustic
data sets, intense grab samples were conducted in
the study area. From the measurement conducted in
the river mouth of Keelung and Tamsui Rivers,
acoustic and physical property relationships in the
river sediments are established using those intense
acoustic and sample data sets.

Keywords: chirp sonar; reflection coefficient;
sediment grain size; sediment type
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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, 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, test results are given
as follows: (1) injection of nano-schwertmannite
slurry and H,0O, (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
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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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FoOURfasf Pyrex 3t B RS LH
B - BE 2 R BEZ0A 0 BT R Rl
M25rm o2 B2 RiEF EEREL L 3B asr 4
BiEFREELT AL 2124 ~ B2 65 24
1 (75“7%/] %697 =7 2n)o }%/ﬁ'ﬁf,@s_t.?*l’:&
B~ R T Ry B g K (0.6
um vjE) TS EfR > B A ST iR E APEE 32 &
Ao EF 2 FEMFTLE LS A2 EE06 4
ER A S R SR AN R L 7
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T~ BEENEG
41 L FEFLAREAR

EAPgLEFEE 2 iTEERET (L4
2) EOFEERR Y T 3HAMF - 7 phfigsE
6 FEMNF - TR AB 2 2 BELE L
PoHd R 1 ABLEEFR £ FLnPE
TR TR AR RS 0 B DEHP A 7k & (2,458
Horkg) £ 3 F@,ﬂﬂ«;‘r:}ﬁﬂv AAEEE IR * Y
HyEE | T E (1.97 mg/kg) 2 125 EEEIN A Gt 4

FlE = iE (19.7 mglkg) 4 PR
DEHP T35k & (1,098 ug/kg) 5 mglkg kR

(ppm ER) % > ¥ DINP 2 liﬂ,}%}i FHRiT
mo/kg k& % s (L350 R 944 ng/kg) o F1 & i
AR A FFBE L LR ERF R RSN
PREERFAS G SRS R ARY
ﬁiﬁﬁ;ﬁiﬁﬁukﬁ%%ﬁ%S%ﬁﬁ%
o B (2003)% >+ FiEAE ¢ 4k DEHP
KRG T18Tmglkg 27 ERBHRNER (¥
'kpaﬁﬁ’-lqiﬁ) 29241'-’d Lbﬁfrt'ﬁ‘i&-&rs
‘??1}’:7"]’%& S —,v’ﬁ V432 N o He 5 B
B 2 BRE S T R A YR A KO
PR ST RE AT UE o

22 B FERR BY
R 2 E g
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AYERLD BB

T
A ARA TAA AR ATAW SAA

SE.TRAR

FE . TRAARZE®
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K #p
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o B s daokEp 2 & FIE KLY DnBP ~ DEHP
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% 4.69-8.63 nf,) Hig&RFLE DR
FRh2ZAFAE F L FIELEALER
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23 LFIEARRY Y- VR KT Y B
Rt 2 BHROEATERZDERES
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421 BisHRAR RRE LA KBTS

AT RB 4 R 2 KRR &R 2014 # 3
VB RHR AL FETEEA (Y 1504
ac & i AR Y DEHP 2 243 - 2 FR

E R R AR AR R 5wtk B p DEHP
TR FEM) FRE S ALHIALES
& {7 B Ap-0 ApiRfs (kR 5 500 ug/kg) mﬂj‘ 4u
(+ BEYLIALEE W ERKHTHRD 2 pokg
¢ fipiefs (ACE) A g kR e "’“ﬁff—’5 fﬁﬁﬁlg&*
EyAted) PEFAMF LY B oS R

i

.

4

>
\F‘\ﬂ “P&'t

5 (@

ok 4 55T o
4 TEAFEHRT2LRIBREAIMTAITES
WA LR
pHa 7.53
Kad® 22.8%
18 1 1.70
L8 37.5%
eRagh
«<0.002 mm 0.85%
O.002-005 mm 0.35%
0,052 mun 98 80"
LA & E (Sand)
imase 2.18%

MR G R

DnBPS @ 275 w'kg

DEHP & # 629 piky
DINP & % 403 ke
ACES @ 487 pp'ky

M I(INMN0IAFEINOCAER O A TE T R
(2) B AACER A A 500 pp'kg
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422 3K B SFE AT A

AT LR B A B EE F o

B+ &p ﬂtﬁ (ESEM; Quanta 200, FElI,
USA) (LB 3)% &N T 5 giks (TEM; Cm-200
Twin, Philips, Netherlands) (LB 4)-X ki 451w
% +7 % (EDS; Genesis xm 4i, Edax, USA) (X & 7)
2 55 X kystik (XRD; D8, Bruker, USA)
(REET)EFAP RS XA L HE A E A4 2
Qﬁ%%%ﬁ’ipi€$i§$&$é%&
o HEEBEHMaE £ 5 100-200 nm > B E
Iﬁ%“' F‘%;{Ufﬂ £ %% 200-500 nm %2 5495 20
nM> ® XA FEiladdEg 7 o ¥ob o T
75555 FegOg(OH)«(SOy)y (x=8-2y 2 1<
y<175) *F % 5 i&- Hrit &2 30 %
R L Rt B8 2 £, Wang et al. (2013)
1 Fe 2 SEBHoendnipiE o & fﬁz’ X ki
FHH AP RBIH A E Fe 2 S 2320 5
8229:17.71  iem et B L X% S 7 L &
7- & FegOg(OH)456(SOs)172 ©

M3 H&32F L £2 ESEM ¥ iR

B 4 ,Lgbq\,’s‘}@ﬁ&r\#‘rﬁ % 2. TEM 2 i §

423 T84 KL 0 MBS

AT RE S LI ERER 0L 5 f’“r
7T ’;E"‘ ' F LuRR (Z9 F%) BRHT
st T H (L5 Viem) G s RE oo@ ﬁ’xqu%ﬁl
5 %’%% iipfi—z‘. % 2-6 .E’_;é‘w%? RIS FIH 20K 0%
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WL F/EFCEFORERETES I (A
“%gﬁﬁﬁ%ﬁhﬁ) $2uREEEFR N
f’%’fﬁﬁ/& LEDE NP “%E‘ng it ’;5?’]” ’ —,ﬂ ¢
nano-SHM 2 H,0, 7 4 5§ 4 3
wistRE > P FPEA S OH-
AR LA .

>ﬂm¢y¢%m

5 R

L
=]

T4 2 H et nano-SHM/H,0, 5 1 425 6 s B0 35k X

d % 2&3%2 % 4&5 EFsEE vy
B THREMBEEG P AR FIEAE 2 dh4E Tid
Nenfe it 2 gk VIR 2 BA S L EEA D
eim i (s 2 gt ) 2 pH E2F & 34
BF@%W1ﬂT%iﬂM’W%ﬂA» Y

& g’f‘&éﬁ;/‘%ﬁ"’ LfEs k@ A A4 OH -
%és’? A ¥k %32 %5 pRHEKLEIERE
Wid 2§ CRBRT a2 d 256 mV
& 387 MV (di 43 gk 3 5 HE R 1Y i 2. 445 mV) %
4206 MV #4276 MV (& 3w B AR i 2
272mV Ap i) o d % 2&4 ® % % 3&5 wirEi
L T —TTng LBl 5 240 T3 » ik
WE2REFRE 4B > PHRBEDTE
Fr2 3 pondo IR RIS 2 AN pH A
g g I

d %5 &6 EFREKEFWRFIL TiEEE
Gk RE FIpLEE 2 e sk erid & kR pH
BEROPRRG > LB BB R
(ﬁﬁé;J£ﬁﬁﬁ);pH@ﬁ%BGBEv@ﬁW
SR TR LR o~ 2 i VT %N
AR AfE> ka2t A2 OH % F i .
Foao gECHBEBRERY 25 PERT AN
"2 4 200 mV & & 217 mV (2 &3 5 e i
‘2ﬂmvwW)L%K?ﬁ¥2&3m£%4&5

RV REEAER oD P HERREE TV
EFL s o T&’fﬁﬁ_ﬁ#ﬁ i ka—?’fﬁ’}’g/] (ﬁ‘r”-‘ﬁ' EES
i R) 2 pH E T3P e R € F
T4 R F RPEFuE (d 14puki28p)
f e (4 34 PHEGZD6P)dF 6 EFER
BERAR S AT AT 15 EATEE
T2 R F B 4B AT o 15 2 efF
T2 M TRTHSE%F RFTUEEL ]
28 p > # DnBP -~ DEHP ~ DiNP 2 ACE 2z T 154
n//fg%::;j\,{ziﬂﬁ ER A R EN 2 B
(DnBP: 96.64% ; DEHP: 73.29% ; DiNP: 54.09% ;
% ACE: 100%) > %]t > 2 % 6 22 A K p* ¥ {7
ﬁé&&°

AP R ER ’%””TTP'%? LR € i3 = B s
SRR L2 B BRI L 11 SEM
BRRRE AL BT Bk s 6y
BI5Z2 R 6okm il FBAre JI* T84 25 2%
:t%-ﬂﬁs; l”ﬁfl]@%?ﬁ“)%/ﬁ ICTHEF O A EaE L
2 —i“f)f»’* B ST RE A BERF RIS A
FIpRicx B0 RF2Z ESEM i %1231 %5
RN IR T Y R EZ T R
o (50-2000 pm) % Ao e 6 kS w2 Mg
Rt P RER) 2 AR > mikt 1 (50-2000 pm)
Bl P @R Lok (2-50um)s 2 ¢ 5 &
A fE e rd 545 um T ¥ R 513 ume ¥ o¢h s
3424 5000 @ % 2 ESEM % i (LBl 6) &7 -
*F@ﬂﬁ’ﬁ@¥ﬁﬁﬂ§m$%&ﬁa%
1‘# § X TIATH kl“%ﬂﬂf%“'lu%}\ﬂ'%ﬁ’lé
%ﬁ*“ﬁﬁ gl

n‘ﬂ-

(@) (b)

= ?ﬁﬁéﬁ I;

B 5 Nano-SHM/H,0, % i* f2 5 2 & T & 4
w5 (b) %6

2 &k ESEM % B (50 X) © (a) %%
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W16 Nano-SHM/H,0, § 1t 425 5 & T 8 4 % 185 14
2 K% ESEM ¥ B (5,000 X) © (a):&5 % : (b)
¥ 6m

423 H{icH &

AFLELRRY BT U s A
—i*f*ﬁcﬁ,‘ﬁ&;ﬁ;\ BR 2% 6 RERS S b RGN
Fivd Aenip B o w2 X Pt (Kaga Electric,
KEC-1) il% ¢ # 4 Fi‘%ﬁﬁi'“riﬁ' SRS
0.12KWh » i 5 4% 4 272 § § 4 (2013 10
V1p@s) ¢ AR R YEr (330 A
WERE) EE 0 2 2L 0 T3aF # 3.39 2/kWh
FEOTRNE 04 2 Fin%%ﬁﬁz]:%cﬁi (1
(P A% % % 35%) #E 5 9.04g> ™ 200 ~/kg
FEOAR I LEFTHNL18L A pEE
gni Fhss iy 2HE S 108600 £ FiEMR

2 WKL LA ~ 2 RERPLAN B L B ART R

7;*;‘;’ » & w] 682 ~/kg ~ 1372 =~ /kg % 3.39 = /kKWh
FECHAE AL FR Y95 34089
Ao HB AL 34207 A o EURKF BB

Bz kRER 1L18kg3HE o TidgL ¢ g ;
289,667 IR FlE kB A A e A

* ik 99.5%11 + > E 01 %aga‘w‘; S |
WE L E kAR o IREERA T AW L 4.98
~/kg ~53.9 /kg % 49 ~/kg Ela‘# fFd A7 55 s
% 5681 A/ H %% qpgaat
FHAMAR (R4 6) FAATERRNS L
B AT EERA BRI Y o

26 FBIAASFIME AR LR

LFERLY ET R 3 AT -7 EA
KO AEARE - T B A 2 2RBER A
g0 BP ML PR A AR A AR D
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BT A

mg/kg %% (ppm JkR) 2 DEHP A% & » H &
BER (2,458 uglkg) E T RE r-p?’fa‘p Wz &8

?xzﬁah@ﬂﬂﬁ/m FRTE2 125 85 o

R RRA o N
FI* 2 A s SEFE FEF L L5 RAR
@?,‘fh /zp$5§ ‘L%’?IFL (l) H 5 4o a,i% (1.5

2 4% 0(2) %%;T;Té? i f??l]*‘v?l‘%fé%%;‘&‘* A E ]
d Rz s ellimy " kAL OH .
% 1WA ek A2 2 f @) Tietml:
ﬁﬁy?*%ﬁr%gﬁ%%ﬁ WF =P R
WA BRI P RGP0 R FIRAE 2
BT H LT 2 a1 I R 2 A (4) RTAEF T
Frr 5 &4 T r BRI RE REF BT 4B
A T RF AT AS 2L oS AR
PSR AR pH A TR G T30 (5) w R F
B4 FORPER 0§ et RS G chd % > (6) #7
FF A G R AR {1
B4 ET ‘dﬁ“f‘ﬁf?% L] Bk R AR B B
o ifﬁév%%mm Adr 2 dagang o Wb A g
R A ITEET o BN FIEREP
DnBP ~ DEHP ~ DINP 2 ACE z T 323 4 & A& v
7 i 96.64% ~ 73.29% ~ 54.09%% 100% > ¥ # &
o R R R ’Hg]” 5,681 /v » g H @

b ﬁ,r/r-.l = l‘{«% Flpgt > B f‘;_/’?‘f‘ T % b 7&‘
/r'},'@'* thaﬂh ©

2k 2

o

AR ORE Atk B B 103 & A 1 g
B TORBAKCAER BT SRR S
FOEFATE S Ft R B

40

[1]. Bigham JM, Carlson L and Murad E (1994)
Mineral Mga, 58:641-648.

[2]. Bigham JM, Schwertmann U, Carlson L and
Murad E (1990) Geochim Cosmochim Acta, 54:
2743-2758.

[3]. Nyer EK, Fam S, Kidd DF, Palmcr PL,
Bocttcheer G, Crossman TL and Suthersan SS
(1996) in In-situ Treatment, Florida: CRC
Press, 310-314.

[4]. Song Z, Wang N, Zhu L, Huang A, Zhao X
and Tang H (2012) Chem Eng J, 198-199:
379-387.

[5]. US EPA  (2005)
Washington DC.

EPA-542-R-05-006,



2914 |HRBEE

ZERATHAYRER [ 1OTHIARMTXSRELESNDER R SREWE

[6].

[7]1.
[8].

[9].

[10].
[11].

[12].

Uhl 111 NJ (2005), MS Thesis, Department of
Civil and Engineering, University of Louisville,
KY, USA.

Wang WM, Song J and Han X (2013) J
Hazard Mater, 262: 412-4109.

Watts RJ, Udell MD, Rauch PA and Leung SW
(1990) Hazard Waste Hazard Mater,
7:335-345.

Wijesekara S, Navarro RR, Zhan-Bo H and
Matsumura M  (2007) Soil  Sediment
Contam,16:569-584.

Zhou W, Anitescu G, Rice PA and Tavlarides
LL (2004) Environ Prog, 23:222-231.

FEE - FRRE T (1999) # 7 A
Bk %18% > % 1% > % 5064 F -
B (2003) > AL E e o W2 A LA
FAFRgifEapg ko BEAR -

161


http://onlinelibrary.wiley.com/doi/10.1002/ep.v23:3/issuetoc

[ A ] KR

214

tRANMFrTEER

L)
1TEHIRRSTASON ARGFADERRARIANE

117 w2 R R R

Using bacterial biosensors to rapidly detect pollutants in the sediment
and groundwater
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SR LAL T

FPp P FARE > Ra KLY &4
feimgare B H2 B2 0P & &L mm

W o s B %Ewﬂﬁﬁﬁﬁ Poig b p]
R rﬁz&*fiéﬁg goNY o AT PG
- k7% - w2 Rl E (biosensors) > *

u%ﬁﬁﬂ%ﬁﬂiﬁﬁ%°

ARy i 2 AR+ A %) (report
gene) £ £H % - wmF2 S RBIE 0 * LR
FrE bR A2 TR AP R 2472
AT e 7% ¥k F-d (green fluorescent protein,
gfp) ~ lacZ ~ 2 quCDABE Lk AT R 2
'“lijf;'},’g;f? P TR AR E S ﬁif@.‘l’
7FET’$ﬂﬁﬁﬁ T E & AL E T
ﬁﬁ mm4#&ﬂﬁzﬁﬁ%%@¥w?u}

gﬁz?]é‘? oL F o F ARSI T o A 2
TR RE ﬁﬁ**ﬁh*“?ﬁﬁmﬂa@

’ﬁ‘ o

AE BRI R mEL PR R
3 ’*%/\'E‘,/?I FRRKEEE TS £ 2
2.4 $ 3 szl (bioavailability) » #- 33t #-5 430
ﬁr%m%Lr’ﬁH&&%iw%Etéii
FoRR B E R R A mFA R PR

W RBEAM T AT RRIOTFRY B R
FLF P AP FEFF 2 0FA2 R
RIBH R AIM F AP R SRRIE 7 &
Ao ATV EF i%féf#;f‘mﬁii’n}@i@]% ’
et PRSI AE AR NEERR S

5o

Mat : mFs FRRE - it
Tk~ R

<
,‘ %»u

@RS RR B

Abstract

Certain rivers in Taiwan are heavily polluted.
However, the toxicity and ecological impact of
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pollutants in the sediment are difficult to accurately
assess. Therefore, there is an urgent need to develop
sensitive and inexpensive methods for rapidly
detecting pollutants in the environments. The
purpose of this study was to develop a set of specific
bacterial biosensors to rapidly detect heavy metals in
the environment.

Heavy metal-specific bacterial biosensors
carrying different reporter gene (gfp, lacZ, and
luxCDABE) have been successfully developed to
measure concentrations of specific As, Hg and Cd.
Moreover, The bacterial biosensors developed in this
study could detect specific heavy metals in an
environment with multiple contaminants. The
developed bacterial biosensors not only culture
easily but also can rapidly detect heavy metals.
Moreover, results of cost analysis showed that the
cost was lower in bacterial biosensors than
chemistry-based analytical technique. Results from
this project showed that luxCDABE-based and
gfp-based biosensors were more-sensitive and stable
to detect As, Hg, and Cd. In addition, the bacterial
biosensors could be cultured easily and rapidly
providing an cost-effective approach.

In summary, our results demonstrated that the
bacterial biosensors are useful and applicable in
determining the bioavailability of heavy metals in
contaminated sediment and groundwater samples.
This information is important for more accurate risk
assessment in which the EPA and related agencies
can employ effective and inexpensive environmental
monitoring approaches to assess heavy metals
contamination levels as well as serve as warning
system against future heavy metals pollution.

Keywords: Bacterial biosensors, Rapid detection,
Sediments, Groundwater, Pollutants
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PR ARR AT L o WM P A e 22 T LIE
C RN R R K € BB
B AR SR MER TV A4 F ManE -
%i’vﬁ'l‘%/i‘ﬁ/z*?uﬁ&\ﬁ;\;i*ﬂ%ﬁ%i*}
B AHRRDERE G R p0n TSR
PLEBLEW e MLFE £ TR T E
'lir’ r.“j_:f\[‘i/ﬁ-ilfx:l /i&‘;"iﬁ@'i l(frv’)
BB 1R R - T e T
L’4*K?”%ﬁl4m#§ ® O Ve g
DR E 0 2 SRR A B RS
B TREb G E g & df o

P TR S cnfkR] S R A R g g
PR o T PR s deip 4 & 47 (LC) ~ F

10 % 47 (GC) ~ & e 48 & T # R+ 4 5 k¥
(ICP-AES) % » ig it = j* § ATk & HFi & 040 §
BoRKAHF N RILFE g2 RS S
M*w%%ioﬁ4ﬁwﬁm’0§ﬁ\éﬁ~
FRETERS AP A BV EFRRS G
PHAF2ZEFERE RA LG 2 AF %gw

%%ﬁ%\ﬁ%i%iﬂ‘ﬁéﬁ%@ﬁﬁih
B8 0 3EA A FHET A R TR R G 2

B% PR N e s L 1 I GUL v B PeiE & op) TR
MRS A= 2 X ERBEFL BRI

"lra,o

Tk o w%ﬁﬁ@ﬁﬂ”?%iﬁﬁi#&
BIEH LB PIRBF A ¢ 7 BRE VRS
AFE HE 2 1% iz (non specmc);{ PR R R 1
RIEAHE RS 2 & - M (specific) 2 3 g B B
% (Daunert et al., 2000; Hansen and Sgrensen,
2001) e A Bk P e M EFE DT R 4
% BTEX 2 gfp 5 3f 2 3 %12 4 4 & B ®(Liao and
Ou, 2005; Liao et al., 2006; Li et al., 2008) 12 % 12
luxCDABE % 4F 2 # F]2. BTEX 4 4 & 8 B (Li et
al., 2008) - @ > APMATY F LIRS FE
Bt N RBHR S AFRE DR T > BB
FrtRAE s RREF 2 FE (E-HF ke
w%ﬁ%ﬂ%?4%aw$£;{¢ﬁMtﬁo

Flp oo AP AR Tﬁ-“" EREGE - Y
},g,/EIW,,...fL’?Qf’“} #EFRIRB Y hE 2K

FRBRCE 2 W1 L RARBEFTLE
LIRS S

R (K -

Ry a2 FERE

f* &~ 4 $ H s Staphylococcus aureus
Fth2 A pI258 ¢ B4 45~ & 2 38 £ A F) e (arsR,
cadC, merR)4 %|¥ vector pPBROBE-NT’ 2 gfp &

%] ~ vector pUCD645 2. luxCDABE # %)% & » &
WERIFLER F2 A RFLARL LR
4 (recombinant plasmid) - £ #-& ‘e {5 2 48 4 )
(transformation)  E. coli DH5a ® -

AFRERIBHMELF BM G

BEAPRER BRI ODeo 9 5 0.6 #-pF
ui’/”;‘iﬂ:_L 964_,£19’4\1)‘7P?'/}§)§ 4’%
(AS* > Cd* > HP") & 37C T £ 12 % » f]* A k%
B2 F LR A BB EEH ODgyp £ RFU
(relative fluorescence units) & RLU (relative
luminescence units) » it £ H > FHET 2 R £ £
Bk B STH 2 B 5 & (specific fluorescence
intensity - SFI = RFU/ODygy, ; specific fluorescence
intensity » SLI = RLU/ODygq) *» £ 22 34 (K Téc
T &) TRz SFI/SLI ot s 3235 413
(induction ratio » IR = SFIi/SFly = SLI/SLI,) » # #
SFI/SLL; 5 * & £ & Bk B #r¥ &2 SFI/SLI >
SFly/SLIy % #\;‘,’J: o E & BTk 2 SFISLI -

SPRPBRT N SRLERTRER
Fiw ki TR E ERIZEHFERL &

%W“ﬁAiﬁiﬁ?‘ﬁoa@fi#&mg

RIE 5L &2 sk 0 TR TR

4v As* 500 pg/L (6.67 uM) ~ Hg?* 20 pg/L (0.1uM)
uac&%m@Lm%pM)f%4%Emwﬁﬁ
% ODgy 9 % 06 s IKF@&P"]‘{"”"E’ e 101

e x 063 : NCT+P% o 4 H Ak
B B Jw!c)iﬂ/u\ Rl £ H ODgy ¥ RLU »
DI LS S TRy & S ﬁ»lb% ~t e kR E
ERTENFEVEERM BB ESR S 25
g i dehE EHER T EFRE RO H o

T B EHE
FHRPIBHELF EBM &

ARk R = B A (NaAsO,) R & & § & F i
B % o Liao and Ou (2005)4p ! 14 gfp ¥ 2 4F 2 A& 7]
2ZAPRBIE B AFEC 910 pM o> frit
HH ¢ PR+ 2. lJUXCDABE A R4 4p e o
I % > IJUXCDABE # F13% 4 2. 4 Je R p| Box 4 4 8
R L fré‘»'é‘?* A AR AL R (ofp
22 lJuxCDABE)z_ ## 7 % % 4p I+ (Li et al., 2008)( %]
edn Imziﬂmﬁ’fd§+w6$%%%
b~ Fd L2 BE 667 pM > 537 ofp &
IuXCDABE A F]2. % % o ¥ » 6.67 uM 7 2 Tk i%
Foor RA 22k R (500 pg/L) (B 2) »

"R e ik B AE(CACL)RIE M B 2 F oM 4 o
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ed Pl aa 3 g 7 ]

frd 2 57 7 % % (Liao et al., 2006)+ #& » 14 gfp
a4 Bgr]m';#’”},i,/?gg feht PP PFE
#rz & 2 [UXCDABE A F1384 » HBEF B 4%
% 537 1(H 3) o b P¥ > luXCDABE # ]384 2. 4
PRPIEL G FHERF R fod Rk
Fips A7 4 2 (ofp 22 IUXCDABE)z # % & % 4p
f= (Lietal., 2008) -

ek R A (HQCL) B E &£ 22 F BB 2 o
£ 0.025 pM 7 st enBbpF A (p < 0.05) 0 A
0.025 UM % F % % o7 2 4k 2 iR ok R 8 (5
pg/L) e 25 uM Z B s F ¥t - @ SuM 2 - &
Wi N FEF W A FT o P E D e S
Mo o BAEAEE 4 0.025 M 3 2.5 uM B &
MY kB RFE TS GAKER L A (D)

SPRABET N IHBEE RS R RA

f* & ~ & 2. [uxCDABE ~ gfp & %14 # & Bl
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