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Abstract

It is difficult to block wastewater illegal discharge
behavior owing to the high cost of continuous
monitoring, and therefore illegal situation always
difficult to fully control. In this study, the heavy
metal monitoring package made of ion-exchange
resin as a substrate was developed. It is an effective
monitor device with low cost and rapidly analytic
surveillance would be a way to suppress illegal
emissions under the limited resource. The goals of
this project were divided into the laboratory and the
field experiment on two trails direction to carry on.
The laboratory experiments to show that the cation
exchanges a flux of resin and water body contact
affect the adsorb efficiency of heavy metals. The

: iR

CEFE Y

o

G iRE k RE R

contact time with the heavy metal and cation
exchange resin in solution for 30 minutes, cation
exchange resin adsorption efficiency of heavy metals
can reached 40%. For the field experiment, launch
and recovery operations for “Resin Lapse Recording
Capsule” had been completed. Each site placed three
capsules for monitoring time covering 21 days with
interval of 7 days. After the monitoring, cationic
resin capsule recovery was 404(89.2%). Finally,
“Resin Lapse Recording Capsule” was carried out to
be one of the environmental fingerprint recognitions
and also provided the official inspector to identify
the specific areas of the illegal pollution emissions
under the limited resource condition.

Keywords: Ion Exchange Resin, Heavy Metal,
Pollution Monitoring
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# 3 F % AT & ltrax & & E(cps)p k- T £
L% Ca Ti Cr Mn Ni Cu Zn Pb
YoFB TP
CDIVI"  co1™ 273 38 368 358 1,451 2211 1,700 72
CD2v1® €02 1,996 258 1,640 2,205 3,626 10,569 19,622 2,191
CD3V1® 03" 10,478 1,016 13,540 18,384 24,036 87,022 175,081 22,017
CD4V1™ 04" 37,819 1,705 36,749 39,602 49,631 177,624 372,605 51,573
CDIV2"  (C05™ 843 52 791 954 1,901 4,249 6,867 414
CD2V2"  C06™ 6,182 779 4,186 5977 8,432 27370 64,197 6,587
CD3V2" €07 34,573 2,549 43377 55911 69,994 247,512 517,859 59,466
CD4V2"  C08™ 47,116 1,364 71,966 63,526 75,899 266,333 517,036 83,504
CD1V3"  C09™ 787 92 840 1,006 1,983 4,133 7272 344
cD2v3"  Cl10” 6,132 776 3,911 5,738 7972 26,597 67,177 6,221
CD3V3" CI17 27,186 2,168 33,452 44,809 55771 198234 414,385 47,079
CD4V3™ CI12"” 55,145 1,433 94334 67,556 78,248 267,725 570240 94,278
CD1V4"  C14” 658 83 718 807 1,947 3,776 6,209 380
cD2v4"  C15” 7,235 924 4,876 6,956 9,929 34291 67,598 7,649
CD3V4" Cl16™ 26,963 1,914 39,741 42,238 52,865 189,287 389,376 51,182
CD4V4™  C177 40,684 1,397 61,046 57,157 70,286 244,658 510227 73,226
2 1.8 =cps
2D1,D2,D3,D4 i R % kL L BER
3.V1,V2,V3,V4 5 9 % % {7 igd ¢
* R B A
**[trax SokB
24 BHS A B RS R kR 2 TtraxE R E AR F - T & (y=a*x)
B PHE~3 a R’ Itrax (cps*10°) ICP(mg kg™)
1 & 0.0122 0.9856 1.70 - 570 18-7,518
2 & 0.0160 0.9871 2.20 - 266 9.5 4,453
3 & 0.0253 0.9658 0.07 - 94 3.2-2,584
4 4% 0.4077 0.9856 0.27-55 50 — 22,933
5 & 0.0464 0.9847 0.36 — 68 6.5 —3,408
6 4 0.0212 0.9799 1.50 - 78 6.7 1,805
7 g3 0.0714 0.9763 0.37-94 3.2-2,584
8 &k 0.1491 0.9757 0.04 —2.56 3.4-384
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sk K Ca Ti Cr Mn Fe Ni Cu Zn As Pb fasE
555 |37,491| 109 |1,33236,166 | 411,800 | 8,678 | 456,640 (1,171,112 344 7,281 (3,210 I(wk##%])
A34 | 1,753 | 50,548 | 44 613 | 11,305 | 135,114 | 7,881 | 143,441 | 442,295 5 18,190 (1,029 M(wc# 7))
2,129 | 77,230 34 433 | 3,720 | 29,096 |7,083| 27,949 | 108,430 | 254 | 28,851 9 MO A3
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Development of specific, non-specific, and acid-resistant bacterial
biosensors to rapidly detect the toxic pollutants in the environmental
sediments
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Abstract

Heavy metals including As, Cd, Cu, Hg, Pb,
and Zn were highly polluted in several major rivers
in Taiwan. In addition to heavy metals, other toxic
chemicals are present in the sediment. Therefore, in
addition to analyze the presence of the specific
heavy metal, it is also important to detect the
presence of toxic chemicals in the sediment.
Recently, acidic pollution events in river were
increasingly reported. This makes more difficult to

g1 ARE k F AR

accurately assess the toxicity and ecological impact
of heavy metals and other toxic chemicals in the
sediment. Therefore, there is an urgent need to
develop highly sensitive, inexpensive, and reflecting
bioavailability methods to rapidly detect toxic
pollutants in the rivers and sediments. The present
study has established a series of specific bacterial
biosensors (for Zn and Cu) and non-specific
bacterial biosensors (for SOS response and heat
shock). In addition, the developed bacterial
biosensors were further analyzed for their sensitivity
and stability toward toxicants and environmental
samples. Moreover, an acidic bacterium Y10 was
isolated and characterized from Yangmingshan soil.
The acidic bacterium Y10 was evaluated as a
non-specific biosensor in acidic environment based
on the inhibition of the toxicants to the
iron-oxidizing ability of this bacterium, resulting in
color change in solution. In addition, this bacterium
can be used as a biosensor in acidic environment and
measured by eyes or spectrometer, which makes it
having potential for on line analysis. Furthermore,
results from this study showed that the developed
bacterial biosensors providing advantages including :
easily cultured, rapid detection for Cu, Zn, and
toxicity, providing bioavailability information for
pollutants, and less expensive than that of chemical
methods. Results from this research thus provide
valuable information to Taiwan EPA and other
agencies  for  effective  and  inexpensive
environmental monitoring approaches and strategies.

Keywords: Bacterial biosensors, Rapid detection,
Toxic pollutants
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%ﬁz BEARESEAAFREEL AR (Ao
i M RREE TR S 4P AR
Lo b4 2013 #p 7 KB AEE P v‘oi
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AABRH O RV EEY 2 GRS E o %
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& kg o 2 4 &P E (biosensor) F1H B 3 Poid R
FAMBE - RATRF ERIE PP RRERE
SRy R Boif FE - e
"%’ ? |4 (neutrophile) * % 1% ] DHSa 7 & + 2
PHELEAF LG AT R Y 2 Atk TR L
PR PIBLFA R R d X EA
AF CRER -THERFELE LG 3L
Bt WRORM S DB AR > B H
ARZFAEELINTYD B E 2 PR RER
i AR P > A 14 vf L fF (acidophiles) B
< %4 ) DHSo § (775 1 ] > & d S fpaphs
2HFRPBIE -
”Fﬁi&é?uﬁyH@m%suv4ﬁn

ﬁx" 4 £ i# 3 (Johnson, 1998) - # & £ 2 5 3&’3#3
2 #Iﬁ”fﬁ_@ LS Rl 3 W € ;’f_’r?ﬁ_ pH % 5
7% 24 % (Baker-Austin and Dopson, 2007)  JiLF bﬁ»
FEFY R VF] fe 7 0 i % 1 A (sulfur-oxidizing
bactena, SOB) Acidithiobacillus caldus % % 2+ 3 g
P % (Hassan et al., 2010, 2012, 2013)> 2 ¥ 12 & pH
QS5FEEERBE T RBLEY SRS 724
B F AT (ON) ~ § 524 % -
RebsstE g he g sy o e 21
Paisa o RPAEBAPRPIEFT AL ® A
EFS RN BR AP G ET S Flpo A R
RIENRPARBEFEYEFRRFRLIE o AF
BrFzoam e s EFN op JEFLEAFZA P
R B BRI~ 45/45% BTEX (Liao and Ou, 2005;
Liao et al., 2006; Li et al., 2008) ; pt ¢k » p 3 & %
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FHE2EF 103 ERNE - HEFHIHE
- RAPRRE TSR ALRERE o P
%’F“ﬁﬁﬁ 22 A FRBEFT S & A

%

S E e AR A PR RE
Z o HEAS

1RV EEHIFRAE

F1* o3 4 F B E. coli DH50 genomic
DNA ¢ & ~ fF I i 412 3 32 & Flfe b &
(promoter) B 7| zntA > copA * %] ¥ vector
pBROBE-NT’ 2. gfp # ] ~ vector pUCD615 2
luxCDABE £ %) & &4t 2 k£ £ > 3 2
% AR %q 2 & = F 4 (recombinant plasmid) °
£ % wits 2 T (transformation)t E. coli
DH5a # -

322 PR RIERLAF LM

RBALPFERIEFRLI ODego ) 5 0.6 #
BAET 963 4154 2 R FIER 2 F & B(Zn”
CUNE3TCTERE f|* AkkRt 2z §kk
Bt ou Bl £ 2 ODgy ¥ RFU (relative
fluorescence units)e¢ RLU (relative luminescence
units) > AL RE FET 2 R E & BER TR
2_ ¥ >3 & (specific fluorescence intensity > SFI =
RFU/ODyy ; specific fluorescence intensity > SLI =
RLU/ODgo)* # £ 451 i (R i e £ £ ) “TH 2
SFI/SLI &t g » 3+ & 4134 31t (induction ratio » IR
= SFI/SF1, = SLI,/SLIO) »#¢ SFI/SLL % * F & £
Bk R #T¥H s 2 SFUSLI> SFIy/SLLy 3 A7 *c £ £
K #r¥ 2. SFI/SLI »

I3 P AEEERET

AFTF B FATR Y RS B P L] B
B BRI ERS0.1g A B 3ml
% ez % ZA(MSM-~LB~TCM)¥ % & %2R (S":
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JR oA BEHPRERE O AHAEYTRXZ Y 14
Bk~ B F ARG 0 0.0 ml B E RS D A
R ARAE L ERrfpRiEEaOREHY B
TE-FEAS oA RE2E - FEIA
LRI R L E S R T R TV A S % o F%«
L F I AE T ¥ a2 2 2165 IRNA 2 @2
o BoH - Ry (THF (7 PCR F °PCR
2_ A 4 & * BioMan Kit (SCIENTIFIC CO., LTD,
TAIWAN)* i {5327 DNA 2/ > TR X2 A
#|i¢ * NCBIBLAST A3 v $ % a4 ) e
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EHEEF R GE D) 25T "TFHFER
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AR 27 %4k (Lietal,2008) -
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eAE 2 A R R B R o P luxCDABE
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FERTLVR

FI*dr2 gfp AFIAFRERBEIBRERL y
= 0.0002x + 1.0061 (R* = 0.9402, y = Induction
Ratio, x = pug Cu/l )> 4 2. luxCDABE # %12 ¥ R B
E3h o RERLG &y =0.004lx + 12 (R =
0.9772, y = Induction Ratio, x = pg Cu/l ) » 42 gfp
AFAFRPIEE NHRERE y=0.0001x + 1.005
(R? = 0.9429, y = Induction Ratio, x = ug Zn/l ) » 4%
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F o m#2 luxCDABE A F12 H R PIE> 5
m%mﬂfmﬁ*ﬂﬁmﬁgﬁiﬂ*éﬁ2)
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# "i’ifﬁdt <25 23938412053 <25 662.57£119.97
TE A A pg/l e

44 Rocitd PRABHBARSRFEECEL
LURRLE K £ 4
PRIBEREERSEY T3 2 AT BER
B M IR REPRE L SR RE

Firmsrgg 2 F‘*?éi?lﬂi*’ﬁ""?@%” o %
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Detecting stray current by using SP method
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Abstract

This study proposes an innovative idea by
applying the self-potential (SP) method to detect
stray currents throughout the implement of
numerical simulations and sandbox experiments.
This research also expounds the feasibility and
advantage of SP for monitoring in the field. We have
conducted the sandbox design, literature and theory
review, preliminary simulations on electrical
resistivity imaging / tomography (ERI / ERT),
together with laboratory sandbox experiments for
various conditions of contaminants. The results of
experiments illustrated, while the ERI is good for
site investigation and time-lapse comparison, the SP
method is preferred in the long-term monitoring. We
have applied the SP method for synthetic stray
currents in sandbox experiments. The results of
inversion showed the position of stray currents can
be imaged by the electrical potential distribution and
current density. ERI is the most popular approach to
survey the issue of soil and ground-water
contamination. The instrument of SP method is
similar to ERI, therefore it also has feasibility to
measure the signals of ERI and SP at the same time.
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The results of this study extend applied range of the
electrical methods in geophysical exploration for the
problem of soil and ground water pollution. It not
only determines the pollution distribution but also
detects the potential problem of stray currents
benefiting the management of potential leakage of
petroleum and natural gas.

Keywords: Self-Potential Method; Electrical
Resistivity Tomography; Stray Current
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Development of Air Content Distribution Investigation
Technology in Aquitard During Groundwater Remediation
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Abstract

On site bioremediation is one the most popular
technique applied in treatment of groundwater
contamination. Usually, aerobic and anaerobic
condition would be created to increase the efficiency
of biological treatment. Assessment of the treatment
directly from monitoring the concentration of the
sources of contamination is not efficiency and it
probably may slow down the process to adjust the
design of the remediation. Comparing to this,
measuring the distribution of air in aquitard would
be an alternative method to evaluate the performance
of the design. Dielectric constant measurement of
the multiphase material has high potential to
measure the air concentration. Accordingly, the
purpose of the project is to develop an efficient air
content distribution investigation technology in
aquitard. A system based on time domain
reflectometry (TDR) technique was developed to
measure the air content around the monitoring well
and borehole ground penetrating radar system was
applied to investigate the distribution of air content
in 2D which is based the a time-lapes model
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proposed by the project.

Keywords: TDR, Air Content Measurement,
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Low-cost Paper-Based Analytical Devices for On-site Detection of
Mercury(II) Ions
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Abstract

Herein, we successfully fabricated a novel
colorimetric paper-based sensor for detection of
mercury ions (II) by transferring the metal
nanoparticles monolayer from glass molds to inkjet
papers via the reversal nanoimprinting method.
When mercury ions are reacted with the
nanoparticles, they will induced a significant color
change.

Jr« He \4 w

Keywords: Nanoimprinting ; On-Site Detection
Platform
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The excessive number of plants constructed in
world produces serious discharged toxic heavy metal
ions, such as mercury ions, which may ultimately
accumulate in human bodies through the food chain.
Besides, there is increasing interest in applying the
unique physical and chemical properties of metal
nanoparticles (NPs) because of their novel
applications in environmental monitoring,[1, 2]
biomedical diagnosis,[3] and food safety.[4, 5] In
particular, metal NPs are attractive for their
localized surface plasmon resonance (LSPR)
properties. The strong interactions between metallic
NPs and incident light originate from excitation of
the collective oscillations of conduction electrons
within these particles.[6] The LSPR peaks of metal
NPs can be tuned through variations in their sizes,[7]
shapes,[8] structures,[9, 10] inter-particle
distance,[11] and surface chemistry[12] and of the
refractive index (RI) of the surrounding medium.[13]
Herein, we demonstrate that plasmonic metal NPs

can be employed for an important niche application
—heavy metal ion indicator, where the properties of
NP are essential for its efficacy and performance.
Paper has recently been rediscovered as a
supporting material for low-cost sensing platforms
in diagnosis application.[14-16] Because paper
substrates provide flexibility, thinness, lightweight, a
low volume, and abundant storage capability, in
addition to being much cheaper than other substrates.
For example, the price of paper is approximately 0.1
cent dm*, which is 1,000 times less expensive than
that of glass.[15] Besides, metal NPs have been
employed to improve the sensitivity, stability, and
cost-efficiency of paper-based sensors.[15, 17]
Herein, we develop a flexible LSPR-based
analytical platform for on-site detection of mercury
ions via a reverse nanoimprint technology. The
sensors display optical changes upon increasing
mercury concentration, which was attributed to that
the metal NPs lose their LSPR property, indicating
the silver elements in the NPs were able to react
with the mercury ions and then formed amalgam.
Combining  with  colorimetric  analysis and
smartphones, the metal NP arrays are designed for
chemical sensors with easy-to-use, portability,
low-cost, and excellent sensitivity. Noteworthily,
paper is a very suitable sensor substrate, which is not
only flexible, but also can be burned after used, and
it’s available in our daily lives. In this study, we
choose the inkjet paper to be our paper substrate.

ERRE T -1 R

Materials

All chemicals were used as received, without any
further purification. Silver nitrate (AgNOs;,

99.9999%), hydrogen tetrachloroaurate (HAuCly,
99.9%), polyvinylpyrrolidone (PVP; Mw = ca. 55,000),
(N1-(3-(trimethoxysilylprppyl)diethylene triamine)))
(TMS), methanol (MeOH, 99.8%), ethanol (EtOH,
99.8%), 1,4-diaminobutane (putrescine, 99%) and
N-(3-aminopropyl)-1,4-diaminobutane (spermidine,
99%) were obtained from Sigma-Aldrich. Ethylene
glycol (EG, 99.8%) was obtained from J. T. Baker.
Inkjet-paper having a thickness of 280 pm was obtained
from Printerfun Co., Ltd.

Silver nanoparticles (SNPs) preparation
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Inkjet-paper having a thickness of 280 um was obtained
from Printerfun Co., Ltd.

Silver nanoparticles (SNPs) preparation

AgNO; (0.04 g) and PVP (1 g) were dissolved in EG
(20 mL). This mixture was heated at 160 °C for 1 h
under vigorous magnetic stirring and then cooled to
room temperature. The resulting Ag colloid prepared
using the polyol method formed stable dispersion in
water without the need to add additional stabilizers.
Finally, the SNPs was stored at 4 “C.

Hollow gold nanoparticles (HGNs) preparation
HGNs were prepared through the reaction of
HAuCl, with SNPs, according to a method
published previously. The solution of the SNPs (10
mL) was diluted in deionized water (250 mL) and
then 1 mM aqueous HAuCl, (32 mL) was added
dropwise. After 1 h of stirring, the particles were
purified through gradient centrifugation, washed
twice with deionized water, redispersed in 1 mg/mL
PVP solution (10 mL), and finally stored at 4 °C.

NPs monolayer

Clean solid substrates (glass) were immersed into a
boiling solution of 0.0532% (v/v) TMS in anhydrous
EtOH for 45 min. The substrates were then rinsed
thoroughly with EtOH to remove any unbound
monomer from the surface. At this point, the
silanized substrates were stored in MeOH until
required. Prior to derivatization with colloidal NPs,
the substrates were rinsed with ultrapure water and
immersed in vials of SNPs and HGNs. The
NP-deposited substrates were then rinsed with
ultrapure water to remove any excess NPs. After
performing a final ultrapure water rinse, the samples
were dried and stored under ambient conditions until
required for further use.

Imprinting process

Using reversal nanoimprinting lithography and an
imprinter, the monolayer metal NPs were transferred
from the molds into inkjet-paper preheated for 2 min
under pressures from 20 to 40 Kg/cm® and at
temperatures from 80 to 120 °C for 5 min. After
cooling to room temperature, the samples were
released and stored under ambient conditions until
required for further use.

o~ B% RS

First, we transferred the metal NPs monolayer
from glass molds to paper substrates (inkjet paper)
via the reversal nanoimprinting method. For
example, Fig. 1b and lc show the SEM images of
hollow gold nanoparticles (HGNs) on the glass
molds and the inkjet paper. The particles can be
well-distributed onto both substrates, and form a

dense monolayer nanoparticle array. Two kinds of
metal nanoparticles are used in this study, silver
nanoparticles (SNPs) and HGNs, which have a
characteristic absorbance peak (410 nm for SNP and
790 nm for HGN) due to the surface plasmon
resonance (SPR).

Fig. 2 display that the increasing concentration
of mercury ions in the tested solutions induced a
significant reduction of the peak for both samples,
respectively. The spectroscopic changes might be
attributed to that the nanoparticles lose their SPR
property, because the silver elements in SNP and
HGN were able to react with the mercury ions and
then formed amalgam.

Then, Fig. 3 show SEM images of the SNPs
and HGNs after the addition of 3 yL mercury ion
solutions ([Hg*"]=10" and 10~ M),respectively. For
SNPs, a rough surface was found when the mercury
concentration was low (Fig. 3a); the surface changed
from rough to smooth with little size change as the
mercury concentration was increased (Fig. 3c). It
may be the reason that amalgam gradually formed
on the outer surface of particles, while the pure
silver element inside gradually vanished. Thus, we
observed the decrease of absorbance peak with a
blue shift in Fig. 2a. On the other hand, the reduction
of the absorbance peak for the HGNs was less than
the SNPs, and the peak had no obvious shift like
SNPs, as shown in Fig. 2b. The result might be
explained by that the shell of HGNs was composed
of gold and silver, where gold (E=1.00 V) might not
react with mercury ions (E=0.79 V) due to the
higher reduction potential. In this case, gold element
in the shell might inhibit the reaction between the
silver inside the shell with mercury ions. The SEM
images in Fig.s 3b and 3d show little change of
morphology and size of the HGNs after reacting
with mercury ions (10 and 10™ M). The result also
agrees wells with the optical measurement data. As a
result, we suggested that SNPs should be better for
our sensing platform due to the higher sensitivity.

Finally, we monitored the change in the
reflectance spectra of the SNPs-modified papers
with increasing mercury ion concentration, as shown
in Fig. 4a. Noteworthily, the optical images show an
apparent color-change from yellow to white with
increasing mercury concentration (0, 10°%, 107, 10°,
10°, 10™ M), which could be easily observed by
naked-eyes due to the increased reflectance at ca.
410 nm. Besides, Fig. 4b displays the
SNPs-modified papers have a great specificity to
Hg*", as compared to the other metal ions. Moreover,
we believe that the color-changes could be recorded
through a smartphone and rapidly analyzed with a
free application software (APP).
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Figure 1 (a) Schematic representation of the sensing
process of mercury ions. SEM images of HGNs on (b) the
glass substrate (nanoparticle density = 46 particles/um2)
and (c) the inkjet paper (nanoparticle density = 39
particles/ umz). (Yellow arrows: HGNs)
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Figure 2 The absorbance spectra of (a) SNPs and (b)
HGNSs solutions after adding increasing volume of a Hg”"
ions solution (10 M). The reaction time is 10 min.
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Figure 3 SEM images of (a) SNPs and (b)

HGNs
solutions after addinga3 L Hg2+ jons solution (10 M) ;
(c) SNPs and (d) HGNSs solutions after adding a 3 ©L
Hg** ions solution (10~ M). The reaction time is 10 min.
Insets: TEM images of as-prepared (a) SNPs and (b)
HGNSs. Scale bar is 10 nm.
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Figure 4 (a) Optical images and reflectance ratios of
inkjet paper-based sensors before and after reacting with
Hg’* ions (0 to 10* M). (b) Selectivity of the
plasmonic-based sensors toward Hg®" ions. The
concentration of Hg®" and other metal ions was 1 1 M.
The reaction time is 10 min.
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In summary, we successfully utilized the redox
reaction between silver and mercury to prepare the
paper-based sensors. The paper-based sensor
displayed good sensitivity and selectivity.
Noteworthily, the color changes of the paper-based
sensors can be detected by naked eyes, being
combined with smartphones. As a result, we
developed a rapid, cheap and disposal mercury
Sensor.
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A New Leak Detection System for Long-Distance Pipelines Utilizing
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Abstract

This project presents a new leak detection
system for a long-distance pipeline using soil-gas
techniques. The new leak detection system runs
underground along the nearby pipeline and consists
of intermittent porous tubes connected in series with
impermeable polyethylene tubes. Conventional
sampling techniques used in soil-gas surveying fall
into two categories: passive sampling and dynamic
grab sampling. Passive sampling uses an adsorbent
to trap contaminants that diffuse through the soil
gases. Passive adsorbent samplers are buried in the
shallow soil for a period of days to weeks. The
adsorbent is then retrieved from the soil and
transported to a laboratory where desorption and

T E SRR AREL L I R

FOB 44

chemical analyses are performed Dynamic grab
sampling requires the installation of probe or soil
boring in the vadose zone followed by the
withdrawal of soil gas with a pump. Applying
conventional soil-gas techniques to long-distance
pipelines for leak detection usually requires a large
number of soil-gas samples and analyses.

Applying the new detection system to long-distance
pipelines for leak detection can reduce the large
number of soil-gas samples and analyses that are
required when conventional soil-gas probes are
employed. The effective detection distance of the
new system is determined at least 20 m, while the
effective detection radius from the conventional
soil-gas probes is only ~5 m. Laboratory leak tests
confirm that both gasoline and diesel can be detected
at a distance of 20 m in the media of coarse sand.
In the media of fine sand, only gasoline can be
detected at a distance of 20 m. A mathematical
model is developed to predict the distribution of
airflow in the new leak detection system for each
porous tube at various distances from the extraction
end. The model is useful in designing the
distribution of airflow in a new detection system to
monitor fuel leakage from a long-distance pipeline.

Keywords: Long-distance pipeline; leak detection;
porous tubes; soil gas
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Environmental Forensics for Groundwater Pollution Using
High-throughput Microbiology Detection as Toolbox
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Abstract

Currently, environmental forensics for
groundwater pollutions is mainly relied on the
analysis of hydrology and chemistry evidence. The
microbiological evidence analysis is  also
compulsory but still in its infancy. This study applies
the cutting-edge molecular biotechnology such as
next-generation high-throughput sequencing and
hierarchical oligonucleotide primer extension to
analyze the microbial community structure and
abundance of the anaerobic dechlorinators in the

= —eﬁ,

+EwE TR
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g 45

polychlorinated ethylene contaminating sites with an
attempt to build up the relevant microbial fingerprint
and indictor microorganism database. We have
developed specific oligonucleotide primers and
combined with hierarchical oligonucleotide primer
extension (HOPE) to detect the common
dechlorinators, including Dehalococcoides —~

Dehalobacter ~ Desulfitobacterium and Geobacter.
With the optimal conditions obtained, the method
can detect the targets at the abundance as low as
0.4% with respect to total bacterial population. Also,
it can detect the three subgroups of Dehalococcoides.
On the other hand, high-throughput sequencing
(HTS) technology and big data analysis were used to
study the microbial community structure in aquifers
contaminated with chlorinated compounds. Together
with HOPE and HTS, the results obtained with the
field samples suggest the efficacy of the methods
used in this study to quantitative analysis of the
dechlorinating populations, and providing relevant
microbial diagnostic information for the improved
management of the bioremediation.

Keywords: Environmental forensics,
Chloroethene, Next generation sequencing,
Hierarchical oligonucleotide primer extension
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Enhancing performance of field-screening device on the concentration
identification of chlorinated organic compounds in subsurface
environment

CER TR FER TS
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R @ 45 R] % $i(Membrane Interface Probe,

MIP) & - B+ % R R[23EE 3 T k7 gy
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Abstract
Membrane Interface Probe (MIP) is a

semi-quantitative and field-screening device that can
detect volatile organic compounds in soil and
groundwater. The objective of this study was to
evaluate applicability and limitation of in-situ
analysis of chlorinated organic compounds by MIP
coupled with different types of detectors such as
electron capture detector (ECD), flame ionization
detector (FID) and Time-of-flight mass spectrometer

(TOF-MS).

Seven target compounds including
dichloromethane, trichloroethylene (TCE),
tetrachloroethylene  (PCE),  1,2-dichloroethane,
1,1,2-Trichloroethane, chloroform and
chlorobenzene were selected in this study.

Experimental design covered laboratory and field
study. The empirical equation generated in this study
can assist the assessment and investigation of
contaminated sites. The results indicted that

o

[

performance of MIP system mainly related to the
detection limits of detectors, hydrogeological
condition, and types of contaminants. For the semi-
quantitative measurements, it can be concluded that
a better resolution is obtained, and contaminants
presented in lower concentration level were detected
when using TOF-MS. This study indicates that there
is still a need for further measurements and
discussion between users.

interface
Time-of-flight

Keywords: Membrane
field-screening device,
spectrometer (TOF-MS)

probe,
mass
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Feasibility of Developing the Three-dimensional
Excitation-emission-matrix Fluorescence Technique to Trace the
Sources of Environmental Contaminants in the Highly Contaminated
Site
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Abstract

In the recent year, the importance of
developing a new environment forensic technique
for inspecting sources of environment pollution and
in monitoring the changes of environmental
contaminants has been the focus of many studies.
Due to high sensitivity, specificity, accuracy, rapidity,
and it only requires small volume of sample, the
three-dimensional excitation-emission-matrix
fluorescence technique for qualitative analysis of
aromatic compounds is used to confirm the
fingerprint of contamination by complicated mixture
of aromatic compounds. Therefore, this method may
be suitable in tracing the contaminant sources in
groundwater and soil. In this study, we combine the
three-dimensional excitation-emission-matrix

—F—"Hb,ﬁ’;g

fluorescence technique, ATP luciferase analysis, and
chemical analysis to evaluate the trichloroethene
(TCE) and cis-1,2-dichloroethene  (c-DCE)
contaminants’ highly
contaminated ground water site. The concentrations
of TCE in 54 groundwater samples detected in this
study were higher than the groundwater pollution
control standard, and the highest concentrations
were detected at a depth of 15m and 55m. Levels of
DOC, UV-Vis and fluorescence in 216 groundwater
samples were detected by three-dimensional
excitation-emission-matrix fluorescence technique.
Two fluorescence parameters (FLF fluorescence
level and humic acid fluorescence level) were found
to have a positive correlation with TCE and ¢c-DCE.
In the future, these two parameters may be important
in evaluating and tracing the contaminant sources in
groundwater.

distribution in a

Keywords: three-dimensional
excitation-emission-matrix fluorescence, ATP
luciferase analysis, environment forensic
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Capacitive Deionization Technology for the Removal of Arsenic from
Groundwater
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Abstract

As evidenced by this study, CDI process can
applied to effectively separate arsenic at low
concentrations (0.2 mg/L) from aqueous solutions
under an external electric field of 1.2 V. The removal
capacity of activated carbon electrodes strongly
depends on the applied voltage and initial arsenic
concentration. Arsenate (As(V)) can be directly
removed by electrosorption process at 1.2 V because
of its negative charge. The mechanism of arsenite
(As(IIT)) removal in CDI system could be involved
with the oxidation of As(IIl) to As(V), and thereby

AR e

1ARER T AT R

they can be further removed by electrosorption
process. The electro-sorption/desorption experiments
and electrode surface analysis provided evidence
that the arsenic removal can be mainly attributed to
electrosorption rather than electrodeposition in this
electrochemically assisted process. However, the
presence of sodium chloride or natural organic
matter cuases a significant derease in aresnic
removal. For remediating a natural groundwater,
70.5% removal efficiency of arsenic can be achieved,
and the treated groundwater can reach the dring
water resource standard and agricultural irrigation
water standard (< 0.05 mg/L). The results provide a
fundamental understanding of the removal
mechanisms for arsenic in an electrosorption process,
which is beneficial for the practical application of
CDI techniques for the remediation of
arsenic-contaminated groundwater.

Keywords: Capacitive deionization (CDI),
Electrosorption, Arsenic, Activated carbon
electrode
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Application of the Permeation Injection Technique to Groundwater
Bioremediation
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Abstract

In-situ bioremediation is a method which has
been often used to treat the groundwater polluted by
the chlorinated organic compounds. To inject the
substrates into groundwater, the method by gravity
flow is commonly used, so that the substrates or
nutrients are injected and they will settle and diffuse
freely.

To enhance microorganisms growth and
degradation reaction, consequently, the pollutants
can be decomposed. However, it is difficult to
recognize whether the substrates are distributed

effectively and evenly in the areas to be treated.

Therefore, in this project, a method of
permeation grouting which has been frequently used
in geotechnical engineering to improve the soil was
applied. Using this method, experiments are
conducted to evaluate the index of the permeability
and persistence of the substrates in the
column-shaped specimen, and to estimate the
suitability of different substrates in different soil
conditions.

In this year, an experimental equipment for
permeation grouting was established. Using this
equipment, a method of low pressure permeation
was applied to injected 3 different kinds of
commercial products of substrates (namely, EOS,
HRC and EcoClean) into the column-shaped
specimens of the soils with different particle size
distribution to observe the permeability and
persistence of the substrates.

Test results are as follows. For the specimens of
medium sand (D50=0.51mm), the targeted heights
of permeation grouting was reached for the 3 kinds
of substrates. As for the specimens of sand A
(D50=0.45mm), sand B (D50=0.30mm) and fine
sand (D50=0.23mm), only EcoClean could reach the
targeted heights. Because of greater viscosity and
higher concentration, HRC and EOS could not reach
the targeted heights. The results of persistence
showed that the retention rates of the substrates, in
decreasing order, were HRC, EOS and EcoClean.

In general, HRC has the best persistence,
however, for some specimens with finer soils, it can
not reach the targeted heights of permeation grouting.
It is suggested dilution ratios of the substrates,
volumes and pressures of permeation grouting be
studied and adjusted in the future to obtain the
optimum permeation grouting condition to achieve
the goal of permeation grouting.

Keywords: in-situ bioremediation,permeation

grouting, substrate, chlorinated organic
compound, groundwater contamination
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Abstract

Phytoremediation technology is the use of
plants to remove contaminants. Vegetation
Restoration is defined as the use of higher plants via
absorption,  decomposition,  transmission  or
cumulative way to remove pollutants from the
environment, or to convert it into a harmless
substance that can be applied in the presence of
solids (soil), solution substance (water) and air
organic or inorganic contaminants. But whether
Vegetation Restoration brought environmental
impact than traditional methods remediation work
less harm, it is worth to be explored. The study
found Vegetation Restoration Act in applying for a
lesser degree of ecological damage to the site now
for a sustainable way of remediation, but in
consideration of the concentration of heavy metal
pollution site presence, the more heavily
contaminated soil will affect the plant raw Growth
and enrichment of future repopulation of plants, the

SR L E R EE

ROREET Y e i

use of conventional passenger geotextile Dumping
Act would lower environmental impact, but if
contamination is low, the environmental impact of
the use of Vegetation Restoration work method
caused the low, so if simply use the Vegetation
Restoration Act regulation is not necessarily friendly
to the environment, but after the harvest biomass If
further as energy use, Vegetation Restoration
remediation technology to impact the environment
will decline, obtained by environmentally friendly
are positive, therefore, to improve environmental
quality, safeguard environmental resources, the
pursuit of sustainable development, with the
Vegetation Restoration Act was re-utilization of
biomass is still a potential remediation technologies.

Keywords: Phytoremediation; Life Cycle
Assessment; Excavation and off-site disposal
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Volatilization increase of organic compounds using air sparging
through addition of alcohol in the soil-water system
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Abstract

Air sparging (AS) and soil vapor extraction (SVE)
are frequently used to remediate contaminated soil
and groundwater by organic compounds. When the
target contaminants are low volatile organic
compounds, it will be a very long schedule to finish
the remediation. Thus, we intended to find a way
that can increase emissions of organic compounds.
The objective of this study is to added alcohol to
groundwater for the increase in volatilization of
organic compounds in the processes of AS and SVE.
The target organic compounds include aliphatic
compounds (n-hexane and n-heptane), aromatic

R WERRE

compounds (toluene and ethylbenzene) and
chlorinated organic compounds (1,1,2
-trichloroethane  and  tetrachloroethene).  The

A

n-pentanol , n-hexanol and n-heptanol with 2, 6, and
10ppm were added the solution mixing with an
target organic compound. Air with a given flow rate
50 ml/min was used to purge the solution at 25 °C
for 3h. The release of VOCs was adsorbed using a
commercial adsorption tube. The adsorptive
amounts of VOCs were discussed in various
environmental conditions. Moreover, the soils with
high or low organic matter were applied to evaluate
the transportation of organic compounds in the
soil-water system. The results indicated the added
alcohols can effectively increase the volatilization of
the VOCs. The n-heptanol can generate the highest
increase in volatilization for the all VOCs. The
volatile amounts of VOCs increase with the
increasing alcohol concentrations. The soil with the
high organic matter might reduce the volatilization
of VOC in the soil-water system. The obtained result
indicated the method can be applied in the
remediation of ground water in the further.

Keywords: Alcohol, volatilization, organic
compounds, air sparging
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Abstract

Soil and water are the most important natural
resources on earth. However, environmental
pollution of heavy metal is escalating due to
industrialization, huge population and urbanization.
Mercury has been reported as highly toxic and need
priority treat. Bioremediation is economy and
environmental friendly approaches and also
acceptable by general public. However, due to very
low solubility of mercury compounds. It’s not easy
to be used by microbes. Therefore, using chelating
agent to make mercury compound in soil transferred
from solid phase to liquid phase is an effective way

PEF B

for bioremediation.

We set up filter conditions of mercury-resistant
bacteria in contaminated sites, and identification of
bacteria strains method by 16S rDNA DGGE
combination. In the above experiment results,
among the three strains tolerance to limit of 100 ppm
mercury wherefore be able to tolerance to 60 ppm
mercury concentration in contaminated sites.

In the results of Next Generation Sequencing
analyze bacteria genome changes of treatment
mercury before and after. Heavy metal stress will
change cell membrane structure and strengthen
energy intake. Bacterial synthesize of glutathione
antioxidant genes in order to resistant to mercury
produced oxidative stress via sulfur uptake and
assimilation route. Overexpression of heat shock
protein and chaperon will recover misfolded protein.
At last, bacterium removed mercury in the
environment by mercury operon.

The current progress of the experiment, improved
strains require pHERD20T vector testing has been
completed. Furthermore, the future can be used this
vector improved native strain, that is according to
different requirement make bacterial expression
different protein.

Keywords: Soil and Groundwater; Mercury
pollution; bioremediation; Environmental
Molecular Biotechnology

Z ~Hd BPR
41 ER N ATk R Ao 0 TR
BELABAFLAREP FRE H? > AFHE LR
RS AR IR LY
FERFEET > AR LAERET LG ﬂ}}%rs i
* (Clarkson et al., 2003; Canuel et al., 2009) » & *#
-a-gég-i(;fd Ffiﬁi‘z E&E‘_-ﬁ?ﬁ?‘e s Bldep A
J\li—ffi P FI ARG AR BRI SR R
‘.»Ei’% r’v’vi‘ & 7 7 33 (USEPA, 2007) -
FTAFZE F (LR gz;ig/r'/pf
pES "#T L EUJ& 14 (Patra and Sharma, 2000)® #p % #r
F o2 Ry AARRE - ARA A HER XL 7
%3 £k B - = § T (Evangelou et al., 2007)%
T EeE p A UK RART A ERE Atk
¥ oAt g;’f@*“ly 4#7"3"3 %\Hi& ) » ?J;Eﬁ\fz%
WS & AR A 2 T EE ¥ AT R
Wi 3 ARAL ARG b R L
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¥ B RBEE R G B E AP Rk
T I A LA R IR R LS AR S
% 48 (Schuster, 1991) > A ik ikiz 7 3 e Fikeh
¥ A i T LT S )Y
o

APEATI DB AT AR R FAS
AFHFFLRE LA REEHHATL
2.3 R TR - R etk o R ek
TN ARME I 2 B REE  R Z RRER
G- AR AS G2 Ha L R FES
5 AL AR BT A2 BRI ARE
e TS A S R R EIL LA B2
Eﬁfﬁﬁ?? et AT R AEP A L SN
AP R E] > A EERP 2 E R T
X AFGAE L LR EERBET A

S RNA-seq © B B2 FF Ry
do A BT e i d R Benzo[a]pyrene i
AR S = SR B SRR
Benzo[a]pyrene # 12441 (Delft et al., 2012) {v
AR e g d Cr(VI) Adis #TA 4 4 44
(Pabuwal et al., 2013) - RNA-seq *“ i3 B34 4~
L /é"ﬁ 4T %%%E’I}ifr%ﬂ%\miﬁﬁ
FEEEF > (L2 1 %3 AFLZRHBT L
RNA-seq BB » # §d 4% 5 0 B gl — &
SR IAT e m- FE VHEREKAFF A
PR T EARY B R TFIH T e d
RNA-seq $ariik 224 g fed # o P2 5007 &
PAAFRTAL DAY o R B
“,ﬁ? FIf&M © 4v mer operon %2 A 43 Kﬁg PR EFH
= novel genes %g—ﬁﬁif%xﬁﬁoﬁpfpggﬁﬁg%ﬂ%

o ERT G oRBRA T ITL SR AR AR
ZER ST BT RAFRTFY

Z o HPEESE
3-1 FjtheniFE = 2

#3g i r SMLNB#2 %A% 15mL
o d @ 1 30°C, 100 rpm #4335 & 16 hro #-5
M3z %t 5 20 ppm Hg® ™ >SmLNB 22 % #32
% 16hr>ri4pk > 2 EH %3 A ERE T 60ppm >
BRGS0 hr PHET A%
2R A G P 954 E - F7% i 7 DGGE
Pl o

3-2 Fjtk DNA 5 5

¥-FAtRE %3t 7 60 ppm HgClL NB 3 % # 3
ODggo = ** 0.3 » B~ 1.5 mL i ** eppendorf © >
e isd “ﬁ% ¥ % A > 4 » TE buffer 100 uL € #75%%
FinpF 0 4er lysozyme > B 3t 37°C-Rig it 30 &
o FIE 15 AR F - =0 Kigts4e » 350 ul TE
buffer ~ 30 pl 10% SDS ~ 5 pl proteinase K (20
mg/ml) > Bfrisie» 56C ks % 1 hro 1 hr

{g4c » 100 ul SM NaCl ;& fe323 > 4e ~ 600 pl 7k
phenol - | B 4 % & 3w B bR T AT 6D
eppendorf > 4v > F H A (9 600 pl) =7k
chloroform/TAA (24:1);R fe {5 s B b iF % o 4o »
1 mL isopropanol # ¥ overnight &t.< 2  jFi% » 4c
» T0%IEE ik pellet A 4 i o b kA
s T (8 40 » ddH,0 w iR e

DGGE(Denaturing gradient gel electrophoresis)
# * Bio-Rad = # #t4 & ¢ " The DCodeTM
Universal Mutation Detection System o 4 1% = j* :
Reph I P ERPCE S T RN ER L P RY
WoE A 2 %4 4 24 (Muyzer et al, 1993;
BIO-RAD, 1996) « #-7 & % (80%) 1.5 mL i » 3
3 B ) 2 isopropanol R R i AR KT 30
/> 48 & #-isopropanol ] J1 » 12 30 mL 4+ B8
#<+ Model 475 Gradient Delivery system > & ¥}
(57.5%) %+ HIGH DENSITY SOLUTION » * #
(37.5%) %+ LOW DENSITY SOLUTION 7 i& i7
8% 0 10~15 #4846 F &5 0 2 hr {8 B4
B~ s ddH20 ik well 3 =0 4~ 1X TAE
buffer> £ #- PCR ## = = 2 product ;& & loading
dye {4 loading ¥| well » -2 65V 60°C i& = DGGE
14.5 hr - DGGE #} # & * SYBR green I 12 50 rpm
@ %4 1 hr> 2 LAS 3000 imaging system
(FUJIFILM) % & ff o

DGGE %4 47 #7% PCR A 4= #1i¢ * 7 PCR 3!
+ (N # * e GE imaging syst 968
forward :5’-CGC CCG GGG CGC GCC CCG GGC
GGG GCG GGG GCA CGG GGG GAA CGC GAA

GAA CCT TAC-3° 1401r reverse: 5°’-CGG TGT
GTACAA GAC CC-3°

3-3 K ERE L Ef e

435 500 um B 18 6 15 2 0.5 Mk i 12
1 050 bl ok 24 hr > & Fg 4 hr JeBok 4R i
0.45 um R HE R 15 0 A 452 k2 AER o

3-4 3 HUB R 1SR FBRAS R %

BeSg 4 e » 25 mL ik kR 24 hr s
okl e > F R AT R R R FtIT 24 hr
LA R RA T AT SRR AR o

3-5 Fj#x RNA 53~
Eﬁf% RNA ¥ B £ & * P&C Biotech # # e
' Total RNA Mini Purification Kit |- $ % = ;& » #-
ImL i g s 2 “,f_ BA&K M PBS iz &
4¢ » 200 uL DT buffer ;8 353 >4 » 300 uL RNA
Lysis buffer JlZ| 2 F ¢ R 2R I » 48
12000 g 3o = A 4 0 %1 G A 3 ATendges g ¢
der 300 pL 70%iFpE iR fo3a 3 o BiR{oiR # 1 8
AR 2 12000g B 1A 48 3 kAT o
k8 > 4~ 400 uL DW buffer &« 1 4 48 > 3 ‘ﬁ:?
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24 7/EI~+

iR 18 S B8 > 4o » 600 uL Wash buffer . 1 4
40 3 fiEiR i DR Hp il 3 08 B
WRTEL 4vr S0l 2 PR A fERERw R o

3-6 = & % LR H T Library 2.2 T4

¢ * Ovation Complete Prokaryotic RNA-Seq
DR Multiplex Systems 9-16 (NuGEN)#-H 5 #& 4%
% c¢DNA > 12 Covaris S220 £ # cDNA = %7 » %%
Fred library 2 4o H {5 * 5 % i 5Lie (7 library
SRt R H Ok R 'Vk’rr%‘r o — % % Qubit® 2.0
Fluorometer » 5 fic # dsDNA High Sensitivity Kit >
¥ - £ 5 Agilent 2100 Bioanalyzer » # * 2 DNA
1000 assay i& {7 & iR] » /sl library & F 245 {5 %
¥ & * HiSeq 2000 Sequencing System {7 2 X
100bp paired - end Sequencing T_5

TR ke st

it * CLC Genomics Workbench v8.0 i& {7 de
novo assembly & 17 > & & % de novo assembly 7
JE ¥ ¢ contigs i 7 Open Readmg Frame (ORF)3f
] > BlastN Z_#- de novo assembly 7$ 77 contigs °
W NCBI ® #04 fmenF #l o i (7 A 1t 4
SRR AFIARE L BB A A
paired reads % CLC Genomics Workbench v8.0 &
7 RNA-Seq Analysis 4 471 & > #-reads ¥ BL 3|
de novo assembled contigs > & F] & I E A% F > 738
R ¥|éhreads B € 4% 5 > &3t 8 H FPKM & & #
FAFIARE R Kl o

T~ B% AN
AT B RARES FEE

2% 60 ppm & it & (HgCl,) nutrient broth 2
%O PE NH - FE S TEED ERAE S
05 k> #B5 Al~48 2 Bl~47d 3+ £ 5 4 60
ppm # i & (HgCl,) nutrient broth 32 % » 4= % & T_
i E N FRI AL 60 ppm F it &
(HgCL) -

4-2 12 DGGE -F“J'f ERaFHR

i# * DGGE %#] fﬁf}ﬁ#ﬁ FE RSO B
5 87 %5 B1~2~ B4~7 ~ B9~20 ~ B22~25~B27 ~
B35 ~ B37~46 ¥ v & 10 F o fa(Figure 1) » F]pt
EPEH Y - FES A& RdET &k 16S rDNA
squences ~ merA gene squences 1 Z_5& ° &5 DGGE
{“'J“,f T 5 H P FRDmELA B 5 A39~Ad]-
A45~ A46 ~B37 - H ¥ A39 -~ Adl ~ Ad5 ~ Ad6 e
F 1k 16S rDNA bands iz ¥ Id]‘ﬂ i1 (Figure 1)
g LA RE > A BT i 5 F DR e

Figure 1. DGGE analysis of bacterial 16S rDNA V6-V§
squences. (a) Lanes 1-14 (from left to right): B1-14. (B3
PCR failure). (b) Lanes 1-9 (from left to right): B14, B15,
B17, B18, B20, B22-25. (B21 PCR failure). (c) Lanes
1-21 (from left to right): B26-28, B35, B37-46, blank,
B16,B19, A39, A41, A45, A46. (B26 PCR failure).

4-3 Ftk 16S rDNA sequences T/ V- ¥t Ff <
16S rDNA Z_& & % 5 d NCBI 4 zb it ${5 0
5 A39 2 A45 2 F'&ﬁ’i—.. T 0 m A4l 27 Ad6
Fth2 BT 4piT > B37 FHRE E U FiRaR
Sl afGk o A A39 &2 A45 0 16S IDNA E 7
A 0LR S 99% 5 A4l 27 Ad6 116S tDNA B 7| 4p
MRS 5 99%  FlP ¥ MFET_A39 82 A4S S AP
Ffa 0 A4l & A46 % 4p I fF#é(data not show) o F
B0 A46 ~ A4S {o B37 i T BRE > KRR Eﬁ
PAILA G (Hg™) 75 %40 it 4 o

44 AT 5 5K R

L A i—’;‘ﬁu*—’ﬁ“BW?ﬁk 412 % A
LR né AL 88.6% @ H s B A45\A46 .
Mix (= F® &) 2 Soil (2 #i® & ) AHLH F 4
) & 80.3% ~ 86.2% ~ 82.7%% 69.4% (Figure 2) °

4-5 2 ok e v 5 Rl

2 307 Na,S,05 % 24 hr {6 > 12 0.5 M )k &
Gl ",fi P& 32.99%E % 0 MR Jiﬁ*\i%}i
¥4 1 ppm T o MR HE B AZE 0.5 M rek B
42T "% (Table 1) »

4 3 1 (NH,),8,05 #k % 24 hr {8 0 12 0.5 Mk
BV 2 f + P R 39.22%E % 0 MRS R Rk
BR¥EE 2 ppm 4T o kA E R AZHE 0.5 M s
B 4e7 ' (Table 2) -
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60 —+Control # Clusters of Orthologous Groups (COGs)F #% &
—-Soil L b . , o, . 5 A
“ e i AR B mre W RE/ ARt E XG0 ¢
—Ad6 UDP-galactopyranose mutase ~ coppet/silver efflux
40 —O—A45

-e-B37

Hg** concentration (ppm)
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L
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# & 42+ 60 ppm LB broth 3 A 8+ 4 %

i

Figure 2 121 3

Table 1. Na,S,0; Jﬁtlm et #

system outer membrane CusC -
mechanosensitive ion channel protein MscS -
putative membrane fusion protein SilB ~ lytic
transglycosylase = glycosyltransferase » _F i L %]
FERERMVREARTIRE £ R we
W% H 3 M > sugar ABC transporter periplasmic
protein ~ MFS transporter fr rhizopine-binding
protein B £ pE &g rﬂgﬁeﬂ PM o EEARE > H
¥ — i g /B 3-v probable sensor protein pcoS ©
WEF B2 E & B4 obud s M (Silver, S., 1994) -

protein

Table 4. Ff& A46 4 A M S 2 RE LR A Bt w0 40

TR IRG Eek L KEGE =Sk
WA RBER EFAW 4 #R) & ('f/n) xi) &
(mgkg) (myl)  (myL) myl)  (mgl)
1 67.78 4439 0.38
0.1M 2 67.78 52.06 49.61 26.81 0.28 0.34
3 67.78 52.38 0.35
1 67.78 39.93 0.69
0.3M 2 67.78 47.96 47.87 29.38 0.58 0.64
3 67.78 55.71 0.64
Naz8203 | 6778 4842 039
0.5M 2 67.78 38.92 4542 32.99 0.5 0.51
3 67.78 4891 0.64
1 67.78 4551 0.2
0.7M 2 67.78 50.63 50.18 25.96 0.17 0.18
3 67.78 54.41 0.16
TAG IRk =ek o KRG =eR
I S 2 R T AT S Y
(mgkg) (mgl) (mgL) mgl)  (mgL)
1 67.78  44.86 2.01
0.1M 2 67.78  40.66 44.13 34.89 2.15 2.09
3 67.78  46.88 2.12
1 67.78  46.98 2.1
0.3M 2 67.78 41.37 4221 37.72 1.85 1.9
3 67.78 38.29 1.74
(NH4)2$203 1 6778 4021 175
0.5M 2 67.78  41.66 41.19 39.22 1.91 1.89
3 67.78 41.71 2.02
1 67.78  49.51 0.52
0.7M 2 67.78 52.35 51.94 23.36 0.53 0.54
3 67.78 53.97 0.57

4-6 3 H ki 13-k M FHR AR

2 317 Na,S,0; Fr(NH4),S:,05 ik % £8 K e &
AR R A~ B 5 054 ppm £ 1.47 ppm > 56 R R
FIPREE 24 hr {5 4 8] ¥ ok @ A H ‘ﬁ% 29.63%fr
79.18% (Table 3) » o P 2% v Firk k& Hix
Ffos® R A 0 4 (NH,),S:,0;5 1% 5 ke ) @“—7 A
ZIEZ LT

Table 3.4 5tk i% 5 -k 48 1 FjHRAILH 5%
##(24 hour) F B ARF(2 hr)
£3

EE SIS 3

tar| (a Gie oE ays i me (phe =08 444
BANEA T Lo o0 M o) ®) w| B G ®
) /i) (ag/h) @)

56.77 2439 26.99  52.46  0.54 0.5 | 0.41 0.38  29.63
56.77  29.58 0.54 0.35
5.77 2121 21.29 625 156 147 | 032 031 79.18

NazS20s 0.31 1
2
1
2 56.77  21.36 L3 0.29
1
2

(NH)2S20s  0.3M

56.77 2706 25.94 543 0.3l 0.3 0.21  0.28 678
56,77 24.83 0.28 0.28

d.I.Vater 0.31

4TZERRAEZRELEH 40 L 4T
T % (Table 4) 5 8 A46 e A w5 2 RE L
FA R 40 BAF REAFY G 6 BAT

t 7 5]
Log, .
Gene ID Annotation
(Hg/-Hg)
. CP4-6 prophage; predicted
gi|16128232 12.59 DNA repair protein
0495380142 1244  UDP-galactopyranose
mutase
gi|525858865 12.42 DNA-binding protein
2i|545153713 12.33 ATPase
. Type-1 restriction enzyme
£i}490301073 12.31 EcoKI specificity protein
4i[493838846 12.29 DNA polymerase subunit V
UmuC
gi|152973424 12.28 ATP-dependent helicase
4i[260600056 128 Probable sensor protein
pcoS
21490305698 12.26 Phage exclusion protein
Copper/silver efflux system
gi|157412124 12.23 outer membrane protein
CusC
. Mechanosensitive ion
gil>45153711 12.23 channel protein MscS
. Putative membrane fusion
gi|386706749 12.22 protein SilB
21486200968 12.22 Prophage integrase
21493366908 12.22 Integrase
gi383189645  12.19  SugarABC transporter
periplasmic protein
21486159953 12.19 Alkaline phosphatase
21485693110 12.19 ATPase
. Vitamin B12/cobalamin
gi[>545151495 12.18 outer membrane transporter
4i545152877 12.18 FOF1 ATP synthase subunit
gamma
gill6767735 1217  ATP-dependent Lon
protease
4-8 X € & Bt M A T

T & ¢ (Table 5) > PRI = B £ &
Fev 02 IF‘J&:};] $1 & ¢ 3% % Medicago truncatula % IR
heavy metal translocating P-type ATPase (Zhou, Z. S.
et al., 2013) » % 77 ok E i v AE R 2R L
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B em— & Zpiianit &% bl4e Glutathionein
FuEaEE EBY R EFERE F N
(Dominguez-Solis. Et al., 2004) » 7 < )EJ%:FH dt s ig
F /4L ¢ i - 2 FAR M e & & B S (Nocito, F.
et al., 2006) > b 4ofr 248 g fras it i AT R
glutathionein 74 = » F|}b > Fifd B cnffP~frs i
LG A AR T EOMERT - kR
EARBRT € F FwE 4 R SOD - catalase v
thioredoxin iz A F]¥ 11 & fm AL & A
B RS REY A ARG ER
R d-d 2R NPT I SRR B
MR 0 i WA E ey AT 0 AR
ATk R o ARG e K anfEd 54
PR A4 T 20 L F) ke (Walliwalagedara, C. et al.,
2010) - A Gl d 3 EAAFIFE wEY BAX
2 5 & ehfzd F omerR/merD i 5 33 & v >
merP/merT/merC i% 5 & ﬁa?] 2 # # > merB/merA ¥
SRR ITY o AERALY > ART T AR
A G e~ 2 AL Fl(merA ~ mer R ~ merP f= merT)
e114 . (Mathema, V. et al., 2011) »

Table5. & & & it ip b 3 7]

P-type ATPase

Metal ABC transporter 11.74
substrate-binding protein

Metal ABC transporter 11.71
permease

Heavy metal 10.23
transport/detoxification protein

Cation transporter 10.37
CzcA family heavy metal efflux  10.44
protein

Heavy metal translocating 10.09

P-type ATPase

Annotation Log, (Hg/-Hg)
AR
MerA protein 10.01
MerR 11.04
MerP protein 9.36
Mercuric transport protein 9.97
FRBT &A fe ib
Glutathione ABC transporter 11.87
permease GsiD
Glutathione S-transferase 11.72
Glutathione ABC transporter 11.67
ATP-binding protein
Glutathione synthetase 11.50
Glutathione peroxidase 11.33
o LpEE AR
Superoxide dismutase 10.99
Catalase 11.85
Thioredoxin 11.80
Thioredoxin reductase 11.77
LR A
Heat shock protein Hsp20 11.81
Heat shock protein 90 11.77
Heat shock protein HtpX 11.55
Heat shock protein HspQ 10.66
Heat shock protein GrpE 11.39
HWRE 30
Molecular chaperone DnaK 12.02
Protein disaggregation 12.01
chaperone
Molecular chaperone GroEL 11.85
Co-chaperonin GroES 11.60
Molecular chaperone Dnal 11.48
& TR 30
Heavy metal translocating 11.98

- 4t 2,
i N

R haE s 15 A e A e PR i
= > ¥z > 2 DGGE % & 16S rDNA g_’iﬁ’l‘%
A 2 FE NS REAR B F T AR
100 ppm Ak & > ¥ @t 5 434 60 ppm &
RETRE O FE D FARF F omerA A ¥ ¥ L
BARERSAFACEFELI A F YR

AR £ A foh
SERHTARE G LEH ‘f Aowe A kAR R
dpdik K¥ @& * NagS)0; & (NH,),S,05 # 5 P 5

# el R ],?]ﬁ\x_‘ BoaR o BB LERAR }?]
1‘#\/? FRIL(NHY)S:0; e i= 4 4 3Efe & ]?]f*\/f@“’
FAERE G T o
S U S W3- A L T ﬁﬁﬁﬁ_\ﬂ

RFIR o FEE e R T besn i £
Wo- B £ BARS o g AT R g
B e it T £ = Glutathionein ¥ 4 i A Flisdn
TEEAALF VRS T A ELARARL R
ﬁﬁ“%}ﬁﬁﬁi%ﬁm}ﬁ?%#’&aﬂ
R G e TR Y iﬁ%"f o
dARART BRS AEAEF I L F
PR RS AR 0 A REE I A
Flag> 3t NA S HT AR L PN
pooorrerd 4 AR T ek e

R = ?Je
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A Study on Operation Parameters of Enhanced Passive Bioventing
System at Contaminated Sites

PHAELS FRE

A T

AERVERRREEZR BB
i § (Wind-driven Bioventing) #-3J& * ¢t § Hrab
B (bAZIE 2 AN T A B 22 i,%’q_%’r
PAVRIGEFHI G ENIPFUFRAELE
T3 %Lﬁ;.—_/rv Y BEER Y ér?-}é';\?vi’ﬁkfi;
(Bubble Respirometer):}g"’ fie 4 3 ik 3]% ER AR o
VAP REER AP F R ERS
23 3 e .»;chE?ﬁfi#ﬂm M2 Bk 5103 F R
= %484 ¥ (840> Bacillus cereus (%L BC)
Achromobacter xylosoxidans 7 ( ¥ 5. F3B) ~
Pseudomonas putida F(* 5. PS)% 3 thF & 7 &

BERA A FL AT EHEF 103 ER T E 0 B

FRHEH T e AN 2 BRE- FfEE
e (Mixture )% 7 ¥ (Blank) »
Mmkﬁé%ﬁﬁfiﬁgiéﬁﬁg’iﬁﬂ
HEF G SR F B 100010010 R
Bl AHEY L FF 1Semie FRAT%HEL
LR 2 e R R AR
AP F Ao FEAEAL VN F L L 2 &
BT o N 8 FNeE R RIERYP T H L ngiTer
GRSk R TR BE PR R A 24 ) PR
F A RGIERT W - AL S JRd ¥ TR
FREA R 1T A B IR A Ps AR S o rt e i B
PHT b RS TR A
#3F £ BC u&2 PS A L Uik
Tk ﬁpﬁw‘“.,_, B3 Eu] s F ORI R T
TR ) 0 Bk R e Y £ AR 0k
i%%“;ﬁuv:(i#;'ﬁ”/r'ri"‘ﬁim:‘\ F45 3 Fﬁ%ﬁvé%
R 0 BC FEfil £ 2 R kAR RN
A3 P S RBHEALF LB ER G 2R fR
2 3% F3B{r PS e hidsk 14 2 15 > %39 5
g ABI g IR RO Rk £ B o PS
Bl ik 2l A Y RGBTSR
hiEER 49 % {3501 %5 8,000 pL/L % 2 id
79.5% 5 B i o Fit 24 8,000 uL/L =¥ > = &
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Abstract

Major effort of this year's research is devoted to
pilot study on measuring the effectiveness of
wind-driven bioventing in remediating the diesel fuel
contaminated soil. Tested soil was identified as
loamy sand, conducive to bioremediation with
wind-driven bioventing. Soil was seeded with each
of 3 microorganism species, Bacillus cereus (BC),
Achromobacter xylosoxidans (F3B) and
Pseudomonas putida (PS); these microorganisms are
capable to biodegrade diseased fuel as identified in
previous yearly report. One soil was seeded with all
three microorganisms’ Mixture and another soil was
functioning a blank without seeding and ventilation.
The soils were nutrient balanced with 100:10:1 CNP
ratio. All testing samples were taken from locations
15cm away from the central venting casing.
Concomitantly, 24-hr oxygen uptakes were measured
with a bubble respirometer collocated with bioslurry
method and analyzed graphically to estimate the
viability of microorganisms employed. These
viability data were then compared with the
effectiveness of remediation data with a purpose to
uncover the possible relation between the two sets of
data. During 7-week bioventing pilot study, BC and
PS groups showed better 5-day cumulative oxygen
uptake than the rest, both in terms of the amount of
accumulation and steadiness. In the study of batch
aeration and mixing test, the results showed that the
BC group is more active than the rest in high diesel
environmental condition. The microorganisms were
acclimated with diesel prior to applying to high
diesel contaminated soil, the degradation efficiency
of F3B and PS groups also showed the difference
between with and without acclimation of
microorganisms. The degradation curve revealed that
PS group became gentle in two weeks, the optimal
condition was to use 8,000 puL/L diesel acclimation
concentration in 49-day experiment, and the diesel
degradation efficiency could approach to 79.5%.
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However, the higher acclimation concentration was
not suitable for any microorganism. The results also
appear to show the biological viability is enhanced
by the supplement of nutrients. This yearly study
clearly demonstrates that the concentrations of diesel
fuel contaminants were trending down steadily, with
relative diesel concentrations (C/Cy) of 0.25 by F3B
seeding and possible lower with nutrient addition.

Keywords: Wind-driven bioventing, Diesel
degrading microorganisms, Bubble respirometer,
Bioslurry method

Z ~Md Bpen
d*“*#”€$/zajﬁﬂzﬁ4iihé’% " &
’i}f?j\ RO RE TRB T 0 5 4 2 B *:Fé]

ﬁ@gﬁ\;};i&;ﬁi H&@.}i*ﬁ“%ﬁ*/émb"ﬁﬂi}

AP B B 5 ARRE M BILY

HFFROMB? 2282 5 X I EBEFRLEE

=BT

4 F & & 9 Bacillus cereus B (%L BC) -

Achromobacter xylosoxidans F ( 5L F3B)

Pseudomonas putida F(FFLPS) % 3 REFE F &

ERa o Pt AP RN TR T KBRS I%

EA U SR N A %@fti ¥

Bl 2 3 ki 3 R 2 A B 2 R A

PP > it A4l § 2R ke BURIEARY A

wlz

SR M pi R LR i

7 ¥ R 2 GO/FID A 45 B inA 5 4t kR o
ﬁiﬁﬁﬁgijwfI%W’W*VM“4%*’iﬁﬁ
—}P«‘}?'Mﬁ”’a lliifgz F;}«,‘Eﬁ:’ H,:-);’E?—? /t @3 N el ez
RIFer iz @ T4 end os s B g
S R fRE R R B T BRI R
BRI OV 2 T o b A BoF R R
LR REE T RS b C A S
FoEU HcA Poo TR S AP T AP R R
B2 EFRF R EIFF TRDFE LD e

T HRg SR
3-14 %3 §F HoHE >

AR AL P F RS R
%%Mﬁﬁ@ﬁﬂ%&ﬂ&*%&ﬂ’ﬁﬁﬁﬂﬁ
Bo% PR A B AR R R Flig S 08k FIRE R
FHRINE R A 5 FA K E R REAROR
FRE SRS e F A A FRRLT
o R B RIRR LRI B PR
AERFHEDIFERREP 5 FFu e FE L
FRATR T 2ECFRENIETE SJTRET
Fiw T5% ~ 24 15% ~ Ak 10% > B3t w et o
\;ﬁ B it -AEREFHSDBL B ELEFHIHE
FAVHSRE S HFRE S 30% (4eR 1) 9f
THREBEHE S R A A

-92 -

vd 103 R HE S FHRE T Eood 2 M

Wy R R A XTI A B g A
TET ST R ESE NE S R 0
BARANE L FF R AR BB A
o dEAHEYRHX 1 2mm 2R > WAL LK
PR dh sy i g WA F MO BN EF LD
BREAR I AT EF st T five
B BERE NP PHE S FRT P R
Bl 1> = BlcR 2 977

B 22

BAFEF ST AR
3-2 3 e g R

-ljg\:ip};;ik%;d ,(g \viv,.;j'(,“g‘.f—y -;EIJ s T
MR R RTRITA 44”'/{:}]%/? :Hz%ﬁ"f%
,}i %;ﬁq AT FFEE B TRFER
%@%@3w70v%124g@¢ﬁréﬂﬁ
st 10%~30% [ o sepe B 4 okt 5L 3x,ﬁjfz’
@ * 250 mL F ¥R KE%k 2 15 g 7 /’]"‘c
200 mM z fg % (NH,CONHp)i% i 1% 2 & RAd v
8O6mM /| £ FiARFLmRE His g ~ R AT
fwié;‘ﬁﬁt‘ﬁj@ﬁ»“% 100:10:1> &% » p
z 6N 2. KOH ;‘;?i,’?zr'ﬁcozvi»ii% A
P2AEE M BEOTEE ORISR A R o fs
FElE R REPIFHEEAES FHAARA
2.2~2.5 psi> ﬁ&ﬁg,]; ? M2 FEE AL N FE
SE o RAGEEE 2 ER32CE 5P M=
W KPR E

g ©



BRERE

104EE TE RN TKSRELES R TRRERSRER

BEE

FomEE
e
l:l -------------------------- iB
= H i ‘
— L
W B e A1 AL
K
............... EoEHE S
R

B3 F i@ 3 e RER R W

33RBIERASFI
WaHFL RS R S2 PAS
M % P~ % (NIEA 167.00C) 7 70 EJE » & * [3 i/
et (11 vVEB - B d 23° 70
i &4 HipS 2 (NIEA S706.61B)1 GC/FID

BEERAIT  BRBED ALY E A AL fRT
a4 o
/

T~ BEENH
4.1 BB R 4 S 5%
AEERANRS TAMAE LT R
%ﬁ%igaixiw,v*@ AR
TRETIRELN EFTHE ¥ fs
RS G T F s > R H ?Wﬁrsﬁ kR
M ;é‘%* ﬂ* /k&ﬂn].s‘%%*&rz\ 171 > &%
ﬁﬁ%i%ﬁ%m%’ETiﬁﬁﬁgmkﬁm
s MR fE A i F kA B 45 A ey
TAHERTIRRIE FRAR B 19% 1 ERE
FHRB 0 AHTTHER R AP ELY
BAEFHRT > £ e R ks £ 48 ) prp
P F Y ORE A 120 ] PSR 4
RS RMAHAD M AT RE A F
WEY o MRS RE E

A1 GRS f R (5 o

l’f“-‘— |5 |34

¥ ARR
R en  Fbn i FER BB FER
BC 11.10% 19.40%
F3B 5.20% 18.90%
PS 7.90% 19.90%
Mixture 7.20% 19.00%
Blank 10.90% 19.60%

ALREFRFF R ERED P TR

AFES% R Sk AN L3 EAREYER
‘a’fﬂf'-j,ﬂ{(::}_j%:@_\ 1 Elik&’ﬂllb,,d{ P! 4—” ] E"“ 9
HRe > T 2@ds%kesp xifﬂéﬂa“i’tl—ﬁ F &
XKL E(T 49 P o Blank 25 AR T 0
HRE > EFHEF BHA 45 10% (w/w)m
Achromobacter xylosoxidans ~ Bacillus cereus ~

-93.-

Pseudomonas putidas #c# 4 ﬁ«ff*l °

Bl4 5023 F% f2ARg A o] 52 48 50 1
4,000 pL/L {82 "% f2d 4 & Sdc > Bk BC 23
F3B FeA Jmp %;J_ B'5f2 0 PS FeR &
PR - R )?*’ e ﬁ'q::,\- 3z + BC ]?f].‘-;f‘_‘ff'F:’)B
ﬁf_ii”ﬁ B 25 5 78.8%% 80.1% 0 iLiz
2 ﬁ_?ﬁf'_’ 4,000 pL/L %54 )k & &0 it {8 A J1 I
B BLMEfR O BEARARcA MM A B AT AR
FU% L % o g s {5 F3B Fas BC Fas
B F R 11-22%2 8-17%"F & =8 3z o

Bl 5 500 B fRagdoos u kB2 AR
8,000 uL/L & 2_ %% f2 8~ 4 & % #cPS 7255 8,000
UL/L %50 kB Bt 15 < tgdk 2 0 RE i3 2 ok # 4
& xg,:&wk:mr BT P50 A AT R
A L5 0 R fasad 79.5%8 5 4,000
pL/L m BC 4= F3B *];5]‘.;,1 B PR fE S 2% o
Pseudomonas putidas ¥ 1* 8,000 pL/L % 4 1 ¥ #%
B 8-32%" {3 & 5 o

43 4 $ i@ $ ,, &uﬁﬁ&i#ﬁ%
AERFAFFE AL PE GRS L BN
F RN ER BN 5000 mgkg o ftE FHE ~ A
(% 0 ) B A Pbera kg7 p s
TEERREK TR APUF MY LR
B PAdnlE o T iRBEFT 30 ¥t EtE o d
WA SR LN BEAL D N
Pemp it 2 & RMEFAERN S 5,000
mgkg> 2 PR ZFHREFHE T OBO6Y %0
¥ i AERMAEST PR f%iﬂ%gﬁ’é&?
FREFRES 1ER %p%%ﬂﬂ A% 5%
Ltii¥1‘5—i§‘4i¥"t/\5‘§l iR '
B ik 42 0 % 18 i

E_
i?ﬁ% W%T%¢23igﬁ1%’7
B e sl b bt R AT B SUE AR -
BT A R R SR RN 6 1
9o

e L £¢0$m.ﬁ%§§
TR A RHET AR Bl Rk
A PR mEl %6&%’**
it R AT R Rk S TR 61
FRYER P T LIRS R P UY
ABB LR HHET L RO B4R

BT R I8 L e R LT ED 23

BT RERTEMAP LA LG BT

IF/}J FEa BEPE O R A FEd 4 e B RE
FEPIETF TE AR o



BRERE

pn = *R 104FELERIB TASRELES MIARRBIBHARER
® BCHE%E - BCHj# & ® FIBEF&E
,,,,,, AR s b [ 15g-s0il :75ml D.I. wiater.140mpm. 32°C.
F3BRF# & & B PSHT %L PSE#R & i - 23 5 psi.Blcon )8.06mM
30000 < 10mI NH,CONH,200mM,5ml.
EZGG |
180

~ 25000 £ 160
& = 140
~ =120
%‘; 20000 [Be= £ 100
: &

E 60
% 15000 S 40
& = 20
% 10000 £ 0
) £ 0 24 48 72 926 120
: H y .
#5000 s Time (hours)

0 ——BC —=-=F3B PS — - MIXTURE ------ BK
0 7 14 21 28 35 42 49 56 63 70
e L L% A5 [ 2 = | g
Time (days) BOERAMAE S 23 &M A5 ks 2 @

B4 %59 4,000 pL/L 50 (- % 5% j2 5 50 2
SERCRLE 28|

F 5% B8N

e BCHZSiE © F3BHAH &G F3B##E £ it
---PSHHLLE W PSEF G ---—-BCHML &

30000

25000
< 20000
E) »
=l R
£ 15000
at
&
# 10000 -
=
= 2ta.@
2% 5000 ': .:

0 BRNESE S =
0 7 14 21 28 35 42 49 56 63 70

Time (days)

Bl 5 54 8,000 pL/L %' i %o *% 24 0d 29 % B2 {050

LACREE 28 )

15 g-soil :75 m1 D.I. wtater
140 rpm. 32°C. 2~2.5 Psi
centrum8.06 mM, 10 mL
NH,CONG,mM, 5 mL

cumulative Oxygen uptake
with microbe addition

0 24 48 72 96 120
Time(hours)
PS =+ “MIXTURE ----°* BK

cumulative oxygen uptake(mg-o,)
®
(=}

————B(C === F3B

6 5 R (F 0 )ikc2 # R AT B4 &

. 15 g-soil :75 m1 D.I. wtater
cumulative Oxygen uptake with  120pm. 32°C. 2-2.5 Psi

. . centrum8.06 mM, 10 mL
different microbe on the 7st week ] LCONG,mM, 5 mL

cumulative oxygen uptake(mg-02)

Time (hours)

——BC ----F3B PS - =MIXTURE - BK

B7THEEBE S T ks 5 b T 20 5

15g-soil :75ml D.I. wtater,140rpm. 32°C.
- 2-2.5 psi.P(centrum)8.06mM
?n 10mL NITL,CONII;200mM,SmL

k=

=

E 0 24 as 72 96 120
I Time (hours)

—BC = -3 PS =+ MIXTURE oeeer BK

Bl S AL F IS FMA & AHHEF £ &

4.4 H5-3 RAS P rE R ERK

AERFF 103 & R F T e A
% Blank % ~ BC % ~ F3B /&~ PS 27 = fhjic4
8 & F (Mixture =) Blank 2 5 A2 /f Al
Fz9 Fé‘*ﬁé% cE L IR MRS B e
Aoohs e b 5 4 R B A B 5 5758mg/kg
3,436mg/kg~4,173mg/kg~2,706mg/kg~3,315mg/kg
_gé“ ~E WA R S § s B 100
-1’%ﬁﬁfluaﬁﬂéﬁﬁ? 15 cm e
FlaF it Z Bl E L P F R
FHCmh L 2ENFE A EERERN S
Poo @RI ALE 21T P oo w217 PR fEFEK T R
PS wmeh a3 % 21 PSR RABTEAT
453325 21 p {63 A D IP A S 2483 - BC &
LR PRAASEIRF R SRR
WA 21 pieEbrTE > AXEfRER Y A
s A ERMARTE 0.07 » 21 p 18 C/Cy ) sad*
0.4~ 067 BF— B P3R5 126 p L% - EFE 2
BHEFTE -F3BEti@%ki- Pkt PRTLY
FREE R PR AR RN R AR AR
21 p > 321 pen'ifdgd? C/ICod A& 1.0 %%
f231 042521 pfe R &P B E f2AE4 C/Cy A
0.3-0.5 2. fF - PS lecn"3 f25d SR > P R
SRR AR RSN 42 p 5 42 p
¥ RiEd ¢ C/Cod & 1.0 21 04842 p 1
U ﬁifi\%ﬁ C/Cy /i *+ 0.4-0.6 2. F'*— R
Fek 126 p NIRE - BOEfR{S T ¥ o Mixtuer
%]“9 m“ﬁﬁiz f’?ﬁif T AREHY AR 2EKS5 S
PR fRAEE > E% ¥ 21 p C/Co's 2 043 % -
BS AP 2l p ot g C/IC °
054> F%k% 28 pPRENILY - AP RS Z4E
FC/ICod oA 04321 p) "3 0.17 %% C/C,
BFF A 0.15-02 2 F o &% ﬁﬁ;éﬁé%ﬁxﬂﬂf* RS
MERAAAS Y 04007 > Mixture FE5 %k
BARAARTERM > C/CoyviE 013 FlhiEZ%k i * b
L end 3 Fl gt A A P R A R D
Pristane(Pr)## Phytane(Ph)~C17 2 C18i& {7 » 17 >
@10 Bor 2 Ayt st 22 Cl7 2 Cl18

B 126-133 X (830 4 0'F fRARS o

-94 -

-



BRERE

N , E QYA *E
1045E HERI TAOSREL ES RN TR SHRTR E/ARR
rertBC e oF3B =reS —==Misure % 4,000 pL/L H = T Achromobacter

EECER.
12 | BC: 3.436mg/kg F3B4,173mg/ke PS2,706mg/kg MIXTURE3315mg/k

Time(days)

RI02%0 F RS FREEZEDERAST RN

w:’i,;,“\é,:;{ug ) E?»’S —‘;;g;,ﬁ'pé-g;_i
Pt oo g F AL A2 T o b b4 SR
AU F R4S ABIETTRBIEY T 5k
BZ19% b o R4 A by G kel R IR
Bt o IRARHCA dreniE s 4 o At F e i
Bk A A EERE 4 BLT LR 4 SR
R A A KRR 2 RGTR
EE: SV g iﬁ"‘?ii’“ BRI 0 e KT S B
RNt > .lféﬂé%,ﬁﬂéiéc)x %g{*ﬁ*z
ﬁﬁﬁi#ﬁ%é%ﬁt#ﬁiﬂ%i—°
Eﬂ7B%ﬂ$%ﬂ%ﬁ&@¢MQ%“*
RS 126-133 p pEIr € IUIR > 2 (50 fRAREIR BT
L% BC B B&:k&a/p&@fk* ,; 0.13 » &b &
kR G 430 mg/kg ~ F3B fief M8 A AR
; 0.08 » 78 7 4k & & 351 mg/kg ~ PS e
sk h AT L 0180 % A AR R L 474 mg/kg
Mixture e i3 A RS 5 0.10 > &0 A4
R 5 321 mg/kg e Flatk A BFHRIRT o Ak
Buw AER Y BC Ak AMER 2 578
mg/kg ~ F3B Fiz &b A 4k & 5 960mg/kg ~ PS
Flie s Ak R S 990 mg/kg ~ Mixture f e %
WA ARER 5 431 mgkg o vy iE R RAEEE
1,000 mg/kg ™ > 4 B A Y LB RS L
bacpd 4 1Y & $ 4o Pristane £ Phytane % o
BF s F AS M ER S 4,000
uL/L sk % T Achromobacter xylosoxidans ¥
Bacillus cereus =% b & fZac 4 # it 804 "% f32%
F v iE 80.12%%2 78.8% > Fr PF ¥ b % fRARE B S
P &g ® 48T @ Pseudomonas putida 58,000 pL/L
g B L { ";F'%h%rg H g ﬁ*ﬂb 4 o Hfe A {5‘); Kﬁi
#ﬂ‘»'p—& B :‘fé ],74:]&‘ Fil b {5 88 b e et 2 4
Laenmtx 4 3 P REXPEE &5 4,000 pL/L
% Achromobacter xylosoxldans 22 Bacillus cereus
BEAR A A e @4 3 P RS 0 A
7+ Achromobacter xylosoxidans 22 Bacillus cereus
&5 4000 ul/L S 3T E 5 A A G R R
@ it 8,000 uL/L #5% ¢ Pseudomonas putida ¥&
iij,_g’?’ LAe 4 E L e at FRARE PR
g‘yb'f‘:"g B at R 4 g &g 'ﬁ%/\ﬁ"ﬂg‘-/é’ kR

-95 -

’

xylosoxidans ¥ Bacillus cereus > F]}t B it gt = &
ﬁ???*ﬁ@%ﬁ&ﬁjﬁ%%ﬂ#ﬁo

IR X A Fr

Dominguez RC, Leu J and Bettahar M (2012)

Wiley Periodicals, 65-78.

USEPA (2003) Aecrobic Biodegradation of

Oily Wastes A Field Guidance Book for

Federal On-scene Coordinators.

Colla TS et al. (2014) Environmental Science

and Pollution Research, 21, 4: 2592-2602.

Mariano, AP et al. (2008) Brazilian Journal of

Microbiology, 39: 133-142.

Szulc A et al. (2014) Journal of Environmental

Management, 132: 121-128.

Yang, R D and Humphrey, A E. Dynamic and

steady state studies of phenol biodegradation

in pure and mixed cultures, Biotechnology and

Bioengineering, 1975, 17, pp. 1211 - 1235.

BWiE (1999) 23X F P E &P TSR

FESHIFE R 52 B EFTLE S

g —XF WAy 5 L2 ey $F

W B % 61957 -

3 g TR R R B g AL
w0 W *ﬁﬂéﬁ SRR A el gl

% 2005

[7]



- 96 -



& RERE

QY 1 045E LR TSRS B BT SR RE SR

BEE

B T4 FHREFICIHLE

X RR R EE £R k)

The study on electrokinetic technique for remediating the Cd and Pb
contaminated soil in Huwei, Yunlin
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Abstract

The Circulation-Enhanced  Electrokinetics
(CEEK) is effectively on the Pb contaminated soil
remediation. In order to spread and make this
technique be used widely around the contaminated
sites, it is necessary to remediate and acquire the
removal efficiency of various heavy-metal
contaminated. In this study, the CEEK was
constructed in the laboratory for remediating the Cd
and Pb contaminated soil. The treatment efficiency,
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problems and operation cost will have been
discussed for figuring out the appropriate
operational parameters and makes the CEEK

technique more cost-effective.

After continuous improvement, the CEEK
system became more concise, easy construction,
casy transport, and reusable. These features are
beneficial to promote in the future. The
concentration of Cd and Pb contaminated soil were

1

BEFER Y P A

conformed with law standards under the CEEK
operation, specially, the concentration of Pb less
than the standard for monitoring of food crop
agricultural land. The recovery efficiency of Cd and
Pb in the CEEK was about 85% and 70%,
respectively. The metal ions can effective plating on
the cathode electrode surface. In order to obtain the
element Cd and Pb, the non-woven can offer a good
choice for in-site treatment which to enhance the
effectiveness of cathode plating.

Keywords: Electrokinetics; heavy metals, Pb
contaminated; Pb contaminated
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Management and performance assessment of a green remediation site
contaminated by used motor oil
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Abstract

The contaminated site proposed in this study is
located at Jiuru Township, Pingtung County, with an
area of 1,800 m’ According to previous
investigations, the major 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

BEX 2L FIR

petroleum-degrading bacteria (Pseudomonas sp.
NKNUO1) have been utilized for bioremediation,
while Poplars (Populus bonatii Levl.) and Sun Hemp
(Crotalaria juncea L.) in the phytoremediation
practice. Selective native plants, namely Macaranga
(Macaranga  tanarius)  and  Papermulberry
(Broussonetia papyrifera) have also been planted to
evaluate their remedial capabilities in 2014, while a
dominant weed Eleusine indica was chosen for the
same evaluation this year. The results of soil analysis
showed a trend of decreasing TPH concentrations in
most treatment plots, and the removal rate of TPH
within the three bio-phytoremediation plots ranged
from 339%~97% and from 199%~819% 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 Poplars, Papermulberry and Macaranga were
adaptable to the pollutants. For the purpose of
further explorations, 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

(618.1 g) >Cu (12.07g) >Cr (11.39 g) >Ni

(10.07 g) .The heavy-metal removal ability of the
woody plants was found to be Poplars >Macaranga
>Papermulberry and FEleusine indica>Sun Hemp
for the herbaceous plants.

Keywords: heavy metals; TPH; bioremediation;
phytoremediation
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A lab pilot-scale study: Development of an effective bioremediation
for decontamination of trinitrotoluene-contaminated soil by
biostimulation with amino-nitrogen additives
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Abstract

Massively used 2.,4,6-trinitrotoluene (TNT)
caused soil and groundwater contaminations.
Bioremediation is a currently important method to
remove TNT contamination. In the present study, we
isolated TNT-degradable bacteria strains from

: TNT -~ nitroreductases ~ biodegradation

i =

TNT-contaminated site through repeated enrichment
process. As a consequence, bacterial clones of
highly TNT-degradable capability were identified by
distinct  visualized colony morphology and
categorized into different genera: Enterbacter,
Pseudomonas, Achomobacter, Serratia, Kelbeseiella
and Citrobacter, based on 16S rDNA sequences.
Subsequently, these bacterial strains were inoculated
into a TNT-NFG medium containing TNT
with/without amino-nitrogen amendment composed
of yeast extract and peptone hydrolysate as
biostimulation. These collected TNT-degradable
bacterial strains subjected to amino-nitrogen
amendment exhibited a significantly higher TNT
degradation capability than that of culture in a
defined medium composed of TNT as sole nitrogen
source. In particular, a most responsive isolate
Citrobacter sp., which was further verified as C.
youngae and named strain E4 with biochemical test
kit API 20E, was used to assess the capacity of
microbial degradation of TNT more detail in culture
medium with/without exogenous nitrogen and
carbon sources. As a consequence, C. youngae strain
E4 was incapable of transforming TNT without
exogenous nutrient amendment; however, the
addition of amino-nitrogen and carbon amendments
dramatically enhanced the efficacy of TNT
degradation in a dose-dependent manner. Thus,
metabolizing exogenous nutrient sources with
simultanecous TNT degradation was verified as a
process of cometabolism. The biostimulation, in
terms of nutrient amendment on TNT degradation,
was mediated by not only an increase in the cell
number but also the up-regulation of TNT
nitroreductases, including NemA, NfsA and NfsB.
The nitrogen amendment might be responsible for
the induction of these enzymes relevant to nitrogen
metabolism. It is noted that when ammonia instead
of amino-nitrogen was used as nitrogen source, TNT
degradation was only slightly increased, and
surprisingly bacterial growth was inhibited probably
due to toxic TNT metabolite accumulation. Thus, it
seems only amino-nitrogen but not ammonia as
effective exogenous nitrogen amendment for
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biostimulation. Moreover, when C. youngae strain
E4 was applied to a TNT-contaminated soil slurry in
the presence of nitrogen and carbon amendments,
TNT degradation was effectively enhanced, albeit
with a higher concentration of TNT in the
contaminated soil. However, it is noted that the
mixture of C. youngae mediated TNT metabolites
was more toxic compared to TNT to Tigriopus
japonicas. Taken together, our results indicate that
consortia isolated from TNT-contaminated soil were
able to degrade TNT through exogenous
amino-nitrogen biostimulation. Still, the toxicity of
TNT metabolite mixture needs to be further
investigated.

Keywords: TNT ~ nitroreductases ~ biodegradation
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Remediation of Cadmium contaminated soil using energy plant
sunflower-full scale study
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Abstract

This project will be carried out to improve
energy crops Sunflower Research and Analysis of
heavy metals in the soil . Explore the integration of
plant growth hormones and chelating vegetation
restoration soils contaminated with heavy metals and
further assessment of energy crops Sunflower
heavy-metal contamination of soil remediation
operation -cum- related environmental factors
intended . By experiment and explore plant growth
hormones and heavy metals on the growth scenario
explants ( explants morphological analysis ). The
experiment’s results indicate that GA; can increase
the growth rate of the plant : The average increment
of the heavy-metal-added-only group is 18.89 cm;
the average increment of the GAj-added group is
19.5 cm; the average increment of the EDDg-added
group is 19.0 cm; the average increment of the
GA;+EDDg-added group is 20.4 cm. The
experiment’s results indicate that EDDg can increase
the solubility of heavy metals in soil and enchance
phytoextraction the plant accumulates a

ERY 5 I |

18 Fng

concentration of the heavy-metal-added-only group
is  7.635+0.14 mg/kg; the plant accumulates a
concentration of the GAj;-added group is
10.52240.212 mg/kg; the plant accumulates a
concentration of the EDDg-added group is
17.037+0.637 mg/kg; the plant accumulates a
concentration of the GA;+EDDg-added group is
16.216+1.503 mg/kg. Compared with the
conventional methods of phytoremediation, these
integrated measures can actually spur the growth of
plants .

Keywords: Cadmium; Phytoremediation; Plant
growth regulators; Chelating agents
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The study on green remediation technology of decision analysis by
carbon footprint inventory and assessment process established on the
heavy metals contaminated farmland remediation case study
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Abstract

Green remediation is the trend of cleanup
actions that calculates the carbon “footprint” of
investigation and remediation prior making
technology decisions for obtaining the hot spot of
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carbon emission which may avoid the potential
environmental damage of further remediation. In
Taiwan, the farmlands contaminated with heavy
metals from industrial wastewaters and illegal
hazardous wastes disposal have produced cadmium
rices such as in Taoyuan, Changhua and Taichung
area which were destroyed by incineration for
protecting the public health. Afterwards, the
farmlands have remediated to recover the ability of
planting. By the end of year 2013, there were
accumulated 2437 control contaminated sites (area
315 acre) and 1965 control contaminated sites (area
430 acre) were released. The remediation
technologies applied in contaminated farmlands
were (1) turnover and mixing for lower
concentrations of Cr, Cu, Ni and Zn; (2) acid
washing for Cd, Pb, Hg and higher concentration; or
parts of the remediations of farmlands by
incineration, excavation, clean soil of higher
concentrations. Therefore, the objective of this study
is to collect and compare with the remediation
technologies of Taiwan area as well as develop
innovative green remediation strategy and the
process establishment of carbon footprints inventory
for the heavy metal farmland contaminated sites.
There were 11 cases collected and obtained the
inventory including the turnover and mixing of 5
sites : 0.28-2.18 KgCO,/m*; 0.92-7.26 KgCO,/m’;
0.57-4.54 KgCO»/ton o The higher results were
obtained while the turnover and mixing integration
of excavation and foreign soil of 6 sites: 0.57-11.48

KgCO»/m?;, 1.91-3827 KgCO,/m’; 1.20-23.92
KgCO,/ton. The results of two remediation
technologies were differed because of the

transportation of contaminated and clean soil from
excavation and foreigner soil. The diggers were the
most contribution by diesel consuming for carbon
emission. Therefore, choice of the lower carbon
emission factor or lower diesel consuming type
machine will be suggested for future that a carbon
calculator was developed for quick check by
government and the application of consulting
organizations. Meanwhile, integration of 6 core
elements of the green remediation and engineering
management and implement avoid the second
pollution during remediation to damage the
environmental quality such as (1)Energy demand:
reduction the electricity from outside sites, the
highest energy efficiencies, maintenance of high
energy-consuming equipment. (2)Air pollution:
clean energy (low sulfur content of diesel) of heavy
duty equipment engines, reduction time of operation
and idle time. (3)water resources: reduction of fresh
water, recycling and reuse of the treated wastewater,
avoiding overdose of fertilizers or pesticide to
impact the quality of surface water or groundwater.
(4)Land and ecological system: reduction of the

damage in-situ remediation technology and growth
interference of soil or animals and plants,
bioremediation. (5)Waste minimization: recycling
and reuse materials, reduction use and removal of
uncontaminated soil, waste reduction. (6)The long
term environmental conservation and remediation:
reduction of carbon dioxide, methane and
greenhouse gases emission, renewable energies,

design of reuse remediation equipment. The suggests:

(1)The better alternatives for improvement of carbon
emission hot spot. (2)The low carbon remediation
technology. (3)The historical data was possible
incorrect that it’s better to record the site data on site
daily. (4)The fuel consumption, XRF screen and
fertilizer quantities were calculated in the carbon
calculator. The demonstration project is suggested to
verify the carbon calculator and add the carbon
emission factors such as employee transportation
and travelling, haul of the remediation equipment,
sampling/ship/analysis and the treatment plants of
contaminated soil.

Keywords: green remediation; carbon footprint;
inventory; farmlands; heavy metals
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Abstract

The main goal of this research is to exploit a
technique for directly measuring groundwater
velocity and direction use for electrical resistivity
tomography (ERT). The motivation is to be able to
accurately and effectively identify the Information
of groundwater with only one monitoring well. The
Convection is the main ways for contaminant
transport. And therefore, accurate knowledge of
groundwater Information is Important for
constructing a model for groundwater water
transport in a contaminated site.

The research will establish a Innovation
technique with only one monitoring well surveying
to groundwater velocity and direction, its
advantages are accurately and cost-effectively.
Therefore can future applied to set up site model,
pollution survey and site remediation.

Keywords: Electrical resistivity
Tracer, Groundwater velocity,
flow, Sandbox

tomography,
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Development and application of a localized system to evaluate energy
consumption and environmental footprint for contaminated land
remediation projects in Taiwan
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Abstract

In order to construct the mainframe of green
and sustainable remediation policy, a systematic
evaluation mechanism was developed. Such
evaluation tool was established according to the
requirement of Taiwan Soil and Groundwater
Remediation Act, and was referring from sustainable
remediation case examples of USEPA and other US
governmental agencies, and the American Society of
Testing Materials (ASTM). The established Chinese
version of Green and Sustainable Remediation
Evaluation  Tool  has  considered energy
consumptions and environmental footprints in five
aspects include: energy, air, water, materials and
solid wastes, as well as land and ecological aspects.
To test the comprehensiveness of the GSR
Evaluation Tool, a field scale of TPH contaminated
soils bio-remediation case was applied and found
successful. To the administrative concerns, it is
suggested that energy consumptions and the related
environmental footprint data should be estimated
and reported in the site remediation plan or the site

%‘*ﬁﬁt’iﬁf«r N

3147 % REDR

control plan. Then the administrators should follow
up the implementation plan via auditing program to
enforce the completeness of the plan. Enforcing
green and sustainable remediation policy, not only
can cultivate green remediation business
opportunities, but also can harmonize and balance
society, economic, and environment groups; thus, a
sustainable future can be expected.

Keywords: Green Remediation; Environmental
Footprint; Remediation Site; Control Site;
Energy Consumption Evaluation Tool
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Abstract

Recently, the USEPA and National Renewable
Energy Laboratory (NREL) launched RE-Powering
America’s Land program to promote the re-power
contaminated lands with renewable energy and
evaluated the feasibility of technologies and
installations, energy potential and economic
performance. EPA developed national level site
screening criteria in partnership with the National
Renewable Energy Laboratory (NREL), U.S.
Department of Energy (DOE) for wind, solar,
biomass, and geothermal facilities. By 2014, there
has been 709.8MW installed capacity on the
contaminated lands in the U.S., including
contaminated lands, landfills, and mine sites

Currently the total area of listed contaminated
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sites in Taiwan is about 1375 hectares. As a part of
the national sustainable development plan, the
combination of contaminated lands and renewable
energy (solar, biomass) could not only save the cost
of remediation but could contribute to the goals of
the national green energy plan. In addition, the EPA
could collect money flow back from this approach to
clean up more contaminated lands. We already
calculated the potential of the selected green energy
on the farm land sites and developed the GIS map.
The method was also developed to calculate the
monetary benefit from the green energy.

This study draft on the experience of the U.S.
and set up the criteria of solar, and biomass for the
contaminated lands based on the environmental
limitation of Taiwan. The solar power potential was
the highest on polluted agricultural land, total area of
was about 347 ha in Taiwan. In addition, the high
contribution of renewable power and environmental
benefits for five cities were Changhua County,
Taoyuan City, Taichung, Tainan and Yunlin
counties. Changhua County was not only second on
power potential, but also was highest on
environmental benefit of renewable energy on
polluted land.

Based on the collected information, we also
developed the GIS map and calculated the economic
and environmental cost and benefit under various
scenarios to provide the reference for the policy
makers.

Keywords: Polluted Agricultural Land; Biomass
Energy; Solar Energy; Environmental Benefit;
GIS
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Development of decision support tools for screening scenarios of
potential pollution in soil heavy metals
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Abstract

Potential pollution maps of heavy metals in
soil play important role in screening and making
specific decisions on polluted area. Finding out
scientific and reliable tools for estimating pollution
potential area and providing the robust
decision-making tools for screening pollution are
potential area are important works in heavy metals
in soil. The geostatistical approaches, such as
sequential Gaussian simulation and Uniformly
Weighted Exhaustive Diagonalisation with Gauss
iterations (U-WEDGE), are applied in this project
to simulate the possible scenarios or realizations of
distributions of heavy metals in soil over entire
Taiwan based on the survey data provided by the
Taiwan Agricultural Research Institute, Council of
Agriculture, Executive Yuan. Additionally, the
estimating spatial distributions of soil heavy metals
must be consistent with the spatial characteristic of
original survey data. The spatial uncertainty

’ s %E§ 3 *1‘%’/?' ﬁ';

analysis will be made according to the simulation
results and scenarios. In accordance with the
uncertainty analysis and the resultant simulation, a
structured tool, Information-Gap Decision Theory
(IGDT), is applied to make decisions on pollution
potential area screening.

Keywords: soil contamination, heavy metal,
IGDT
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Aﬁn(54V¢0=imwwy”—ADMAWi (3.2)

» % &P R § #7145 #c(Frobenius norm) > D;y &
4t$@.nwV4$&ﬂwﬂﬁ@|L$¢,p E
{(diag(VMV)j=1,2,....J} » A 5 & & 4B o

B p R (MM, MK G 6T £
J 27 e Ap$HEESE 2. % R 4p B (cross-correlogram)

B 4% Z gk (22 (fixed point iteration)d$
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P,= |=| =Y | =t | +| = 3.4
N ZnE{Q} [Cj (34

Cm Cl C2 Cn
F=max —_— e, —— (3.5)
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Pro [BZ(x)>Z, |=n(x)/L (3.6)
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Pro [b/(x)=1]=v(x)/L,

I(x)=1,x =ZiEE (3.7)
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A study on benefit different from location of pollution remediation
and integrating cross-field value-adding planning
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Abstract

Pollution Remediation classified the site by
result of land contamination survey now. However,
we are still lack of priority criteria. Besides, external
benefits of remediation and redevelopment can be
internalized and used as sources of fund. Besides,
pollution remediation becomes a local development
opportunity as well, but the benefits will differ from
location. Therefore, this study will discuss the
difference of location and classify all of
contaminated sites. Then, we will discuss that how
to integrate “Cross-Field Value-Adding” into the
work of pollution remediation.

Keywords: Pollution Remediation; Fuzzy Delphi
Method; Analytic Network Process, ANP
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Abstract

Due to the low solubility of chlorinated organic
solvents, they will form dense non-aqueous phase
liquids (dNAPLs) in the aquifer and adsorb to the
soil easily. Once it contaminates the aquifer, it is
hard to remove completely. Heavy metals in the
form of anions are also possibly sorbed to the soil.
The mobility of those heavy metals is limited in the
aquifer. So far, there are some sites which are

NEE R R 3

>EA ARk

1P

contaminated by heavy metals and chlorinated
organic solvents in Taiwan. Those sites are very
difficultly to remediate. Cyclodextrins and
surfactants have the ability to enhance desorption
and solubilization. The main purposes of this study
are: (1) to test the solubilization effect of
solubilization agents (including cyclodextrins and
surfactants) to  the chlorinated  organic
contaminants; (2) to test the desorption effect of
solubilization agents (including cyclodextrins and
surfactants) to sorbed chlorinated organic
contaminants and chromium compounds; (3) to use
different ratios of HPCD and CMCD testing the
desorption  effect of  chlorinated  organic
contaminants and chromium compounds; (4) to
examine the enhancement effect of a sequence application of
CMCD and surfactant approach on the removal of TCE; (5)
to examine the enhancement effect of a sequence application
of surfactant and CMCD approach on the removal of TCE.
In this study, the target contaminants are TCE, PCE, and CrOs;
the solubilization agents include
carboxymethyl-B-cyclodextrin (CMCD), HPCD, and
three different surfactants. The results showed that
HPCD is better than the CMCD on the desorption
effect of TCE. Compared with the desorption
effect of HPCD, CMCD, and a mixture of HPCD
and CMCD on the sorbed TCE, a mixture of
HPCD .nd CMCD is better. Especially, the ratio of
HPCD and CMCD is 80 to 20. For the sorbed
CrO;, CMCD can desorb 51% and HPCD can
desorb 29%, after one day

Keywords: cyclodextrin, surfactant,
trichloroethylene, tetrachloroethylene, chromic
acid.
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Integrated Approach for Simultaneous Removal of POPs and
Mercury from Contaminated Sediment
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Abstract

In this stage of the project, contaminated

sediments collected from sea-water ponds or
channels of An-shun site are remediated with
self-developed continuous pyrolysis system (CPS).
Regarding the sediment in sea-water ponds, PCDD/F
and mercury in the sediment is efficiently removed

1 RFT Y AT R A

with the operating temperature of 600°C and the
retention time of 46 min., and the concentrations are
lower than the limits of sediment quality index
(PCDD/Fs: 68.2 ng-TEQ/kg; mercury: 0.87 mg/kg).
As for the sediment in the river, the operating
parameters with 600°C and 62 min. are needed to
meet the limits set for sediment because PCDD/F
concentration in the sediment of river is two times of
that in the sediment of sea-water pond.

Moreover, air pollution control devices
(APCDs) including bag filter, quench tower,
multi-layer adsorption system and Wet Scrubber are
tested simultaneously. Bag filter can effectively
remove particulate matter (PM) and keep the PM
concentration lower than 3 mg/Nm’ at bag filter
outlet. Furthermore, removal efficiencies of
PCDD/Fs and mercury achieved with the quench
tower increase with  decreasing  operating
temperature and multi-layer adsorption system
(MAS) highly efficient to ensure that emission
concentrations of PCDD/Fs and mercury are lower
than the emission standards with AC replacing rate
of 1 cm/day. However, SO, is significantly found in
the exhaust of CPS with the remediation of sediment.
Wet Scrubber with NaOH as absorbent can
efficiently remove more than 90% SO, in the
exhaust of the MAS.

For continuous operation of MAS, a system for
BACs’ regeneration is built with moving bed system.
At oxygen-free condition (N, as carrier gas),
increasing retention time is beneficial 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 the quench tower and gaseous mercury can be
efficiently recovered. Finally, the CPS applied in
this study is demonstrated to efficiently remove
PCDD/Fs, PCP and mercury from contaminated soil
and APCDs applied can also effectively reduce the
pollutant emission to meet the Standards.
Furthermore, secondary pollutants including waste
BACs and condensate from quench tower are not
discharged from CPS+APCDs. Experimental results
indicate that the CPS+APCDs developed in this
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study is a powerful and environment-friendly
remediation technology for removing PCDD/Fs and
mercury from contaminated soil and sediment.

Keywords: PCDD/Fs, Mercury, PCP, Sediment,
Pyrolysis, Recovery
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Fo1 ot B 5SS R R A Rk
3 4 2e % (%)

FRUMSE TAF s ki ey
TR 98.21 99.61
0.5cm/day 7 ¥ 5 96.68 95.57
BA 93.18 94.17
Ol >99.9 >99.9
lem/day I %@ 99.72 99.84
BA 99.11 99.58
Ol >99.9 >99.9
2cm/day T F >99.9 >99.9
BA 99.57 99.57

% 2 RV RFEY SO, 2 HCL 2
4 0% (%)

L/G ratio __*k# AF ’ Ll Vi
SO, HCI SO, HCI
15 84.5 93.4 90.0 91.6
20 93.2 95.7 93.9 93.5
25 96.1 96.4 96.5 95.3

45 EHRL S AR R B2 R R R
BRI R NI AR E R R
PGk AR TIE A AT AR I L4 Y
FHBEN GBS BSECORE DR
(ARG RET R SRS S A R E A
PERRE ¥ B AR Y o B 6 AT RS
ErTREE R )%,;gﬁugﬁ TR R T B
BT % 0 2 450°C 3 ] g T o plfor
P BT B T 400°C~ 5 - Jfr%mj;er;», i %;'"r#ffl‘t'
B R RA NS ok g L LR -
5 B R Apdp B b)ﬁ%faiﬁ,#ﬁ}’?%&’%‘b(Taniguchi et
al., 1996 ; Ishida et al., 1998 ; Misaka et al., 2006) °
A w2z Bk kRS E 2,046 mgke 0 & R
(=9 |i§-}‘ﬂ}'»‘lj'*'_‘ etpt 2 AT E ] 99% 11 b
;xfn:z sl R A kv BRI
Eh o TRAEF EWRLEL T ﬁd 2853
v g #-H 2 ‘f C FERAAR R TR AR
PaABREGES > L ED ﬁ%’wﬁ“‘}.»ﬁ R

6 FREAR R RKZPETG B

L f"ﬁﬂ—ﬁi Wk FAEE T E Bk
Jii\ﬁ#ﬁi‘ K2 P EFRRER o v d B A RJILE
2P A GRIEFFE A& § o P SREITES L ARK
S0 mL (3 = ) 5% PAU/ALO, 7 4t £ % 300 mg -
¥EE AR 5 250 rpm ~ JF A& (T)=26~29°C » F R+
X O [ o B 787 3-5-7% 9 ik gt
ﬁ—_,:rnﬁj;b& ek A u) B i 92.8497.6-99.3 2 99.8% o

*gﬁ;mw@&:'m/;w; 95.8+97.8+99.7 %
99.9% > PL¥E 5 ML AJIPE T 3 4e & A F en )t 2 AR
1 Pd/A1203 37 % ﬁﬁ k’i% ’:-3‘ 2 @rﬁ ik'—l?

'i‘"r Fﬁwwwﬂfiéik-@%ﬂ“ﬁ; 3.13
pg-TEQ/L » # & 2 3¢ 4% - mJZ s Pd/ALO;

b4 1 3 5k 2 <0.03 pg-TEQ/g %M & 41
e R EF HFET TR T RREAL R F AL

L o
350 100
300
95
= — HR
=
& 250
= 90 =
= =
& 200 p
= 85
w2 150 g
& 80
# 100
e
E 50 75
s
0 70
300°C.,5hr  400°C.lhr 400°C.3hr 400°C,Shr 450°C,3hr
300 100
250 95
g
200 90 -
& e
% 150 85
& b
" =
£ 100 80 -H
¥
-
W 50 - 75
0 e |,
300°C,5hr 400°C,1hr 400°C,3hr 400°C,5hr 450°C,3hr
180 100
160 £ 5
ES os
140
0120 20
E =
{100 =
P 85 s
4 80 F-3
" &
= 60 50 g8
E 40
o 75
o ]
0 70

300°C.5hr  400°C.lhr 400°C.3hr 400°C.5hr 4507C.3hr

Bl 6 a2 stz e iTiE 2 85 R e 2 S ip o

A%k (pgTEQL)

Bk (%)

Fe 32 g IR (hr)
200 100
180 98
160 IEE 96
2 140 9a §
§ 0 923 92 2
% 100 : %0
® 30 88
60 86
40 84
20 14.3 82
0 L 224 80
3 3 7 o Jes2 i B (hr)

Bl 7 4o ffdcted MEARARHEEAT LY 2 AT
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EEE/E* S 104EFE ERL TASRELES RIARRRIBARE SR
7~ 2% MR T IRLEE L T FE Y R TR it
Lo RN R rgLid k2 7 KR R R g AR Y TR

5. 0nd NS

- Hiw

B RGSEE A R 6

i 4*%“;@—“??4“?* REF IR AR
b E@?ﬁﬁi%w R dea b4
PR F oy v i 95% b 0 T & feenpk
e p i‘l?’xiﬁ98%uP’”ﬂ’t\mﬂ I &
£ 98%11 1+ o

'—h

CRARRERE AL TREEFHRE, 210

& (Y # % :68.2 ng-TEQ/kg; & :0.87 mg/kg)
MmT o Ak AR BT REE L 46 min iE T
ERE T AR ITE R S R4 A 600°C 12 b o0 g
M & R W’F"#ﬁﬁ}-\j iE o BIRS R R
;'fhi“—'ffi-‘%i%fi%’lﬁ o TRE &t 2 2
LiE > P& ITR AR A 600°C 2. it T g PR
T 62 54
Jf2F s R RS P AR BT R AR
T %% 8% ﬁxi\ﬁ;#ﬁé”mé I-TEQ
MBS S0 R 220 46 & Hcft B 3 F 48R
2 ApEH o, F Ok Az ﬂﬂ,a F s B o
7 SRR Ed T A TR S R R i
Ii § [ L2 ;‘%’ﬁiﬁ A S A N o £ S Kﬁ%
‘%i%ﬁ°ﬁ¢%%%ﬁ%i%2$é
112.4 mg/kg > $AELF P A F A Bk
i 3 76~94%2_ o " KR A A R R W 56.3
mgkg > § AR F AIL R Bk b ok i
(App? AR ) ERAF EAD
BB RIS > 2 41~58%2 FF
MR M EE AT R T R LS R
SR R B RiR K TS 3918 hrl ApliE i %
B e h{ATE S A5 0512 2 cm/day
PETE T AR KR A ;Jrl}:‘&;ﬁ_-ﬁ%‘ga i\._l?
¥ 2 BAGER #4241 2 0.1 ng-TEQ/Nm® 2 50
pg/Nm® 2T s g A FR g Bt e R IR
Beo BB R LR K3 4l “ﬁ?“iﬁ:é
FIMERGRRER T F/ 2 B4 B/
/‘ﬂ’gt&'.’g@ VR ,ﬁ R oA . AR o
C B ?1’?? GG 303
iz ,’3:}; REE #&ﬁ%m?}a » & # SO, 2 HCI
T T LY S L E RN S T
vk o iR BIRF T URA L BT o R
XESEEH Y NaOH sfoiz 13§ 29 SO,
% HCIl 357 £ 5] 85% 11 F end sy » I {3
& H s F iR it 2 # x4k F (SO, <100
ppm ; HCI<80 ppm ) °

BT ES e A BN - L Sl JN 5 i e
“iiﬁf,i%ﬁﬁ?ﬁ“ﬁi%c’%i“ﬁéﬂzi PRI

FHB o B 450°C - 3]%MPT’K%&3
PP ORE % ¥ 400°C ~ 5 0] PRk TR 2 BT 4k
FRRHEWRARS BraF P FLLEL -

%
&
datgd kA rB s 3 ERDREF T

-

kY

[].

[3].

[4].

[5].
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FRREAPBRIRRZFETRESR D AL
F* 5% PA/ALO; (74 & % & RJZAZR > 4
8T 35732 9] H‘%w’i\'—rf?mﬂfﬁi
FowlgiE 928976993 2 998% - T %
fin el 3 v J‘v\“w‘]}; 95.8 ~97.8 ~ 9975
99.9% » BLH AT ST R I P A 4o OB ¥ )
2 PA/ALO; $7 1 § o2 RIS P A
i\“ﬁ% Y Jfﬁ@wwh #k ¢ i\'—rf-' ¥ ¥ 'F
3 3.13 pg-TEQ/L > T‘*r'/Z‘LFL’F# B o BB {8
PA/ALO; + e A B % B R 5 <003
pe-TEQ/g M 4= f4i4v a W& HiFmER ¥ &
’**‘“"A/}p%)iii\i??% KR -

N £ %Je
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Technology development of in situ remediation of sediments —
magnetic activated carbon, vitrification by induction heating,
sediment particle size fractionation

W\—ﬂﬁ}

R LAL T

r/?f‘ T2 RIL AN ,m;}p;’;;&i ’ )’Ié‘}i
WAAPrEE 2B AL EREDE R 2ZERIER
ﬁ?ﬂﬁ?°5%ﬁ1%¢#'iﬂﬂ’v“%
VAR Y T LR TR ) e
ﬁW&WﬁTk‘#ﬁ%m$ﬁ%$A@ﬁ@m
WAL I~ FEE R R ] SRR R R
T \‘lfi‘imﬁﬁﬂ%/z‘ ‘E‘f”é “f o IR {7 & = M/J
s f'._l‘ﬁij‘j’«;v [ EEMA VS B PR
A BESLAZ RLEEARERNFALPERS
Rod R~ o T RS RAR &+ (magnetic
activated carbon composite ) >+ % = ;5 % ek ¥ T
s = Tw e AIMB T LA RHZ AL FEF I (in
situ vitrification ) % 44 £ K KR T L4 % 2
e - B M TER A AR LI
lgﬂ’;’;‘; . /,ﬂr/z‘. (dredglng) A #-E r§ el 77-‘/%}27\
Mool R SERE RF kY BRI A KRR
w3 BERS L APFE AN SRR

4‘1 =

G ROR Ao 20 B RERE (TIRLE A E HF
F272% (in situ fractionation ) o Z 475 [ B8 S F 4t

2 AEERE G VR LB R

Bod Ff o ot ’@ﬁ_? Poid 2 g 5 4 & o
FAL O MHERALY ZFEWE VA4

PR 2R 80%1 owm@k@ﬁ%ﬁwL*ﬁ
&7 F%97.0-100.0%2. € & F - stz mne
T oA A AAIE T e L KRR

MAEH | REBES  BREE MR B S TR
B R RBER

Keywords: Sediment remediation; Magnetic
activated carbon; Vitrification; Induction heating;
Heavy metals; Gel filtration.

g .%u_i 7P

PR R I kY IR E RPN e
g g ER R CREFFIFERREL PR
%\lrpé’v&\ﬁgal}’ 4;7}%%415,#‘]\ @pga
PE o - XA 5 4 (persistent
organic pollutants, POPs) & & & {2154 » 5%

gi:% lﬁz% At

A

PRV BaFBE PP E AP g
BT EAEEET -
e RZREG AT BRE 0 FE T
0 F (S PE] 4‘/;})%5: [EE = ?L\_,,_ BE B
Pl Y o L F RfRARE G AN AT
Y 1%, (1) p f,éM,T dv L KR
it NS (2)5’%{&% BIRE T4 RBETE
i# ﬁiyif% bz v EHEAy i Q)FIRL RS
- i W%Fﬂr‘* Bk LR R 2 “ﬁ%i F1H
IR S GURE RS L R

J& R ¥ /,I-»ﬁ e M»ﬁglr’—% 7 AR R
BT - KRR MR RER S S
PR ROR B MR AR E T R
P v T fm o H o 2wk AN S Lﬁ{&*gﬁﬂ
VL povk e (G 30k 2 @k S B
AlPip ) > e hiR IR - KR ﬁ‘ﬁ
BERA2ZPRT AR EER S TP A
KA Fp e g R & PSR T
L%W”]Iﬁ%%ﬁi ré/?ﬁ-{l‘/a ']]%lﬁ‘fg/r'—% 3
N BB MR E T ERES P e 4f
ESF: -y =% S

B KR Tnk B0 PR P i 5 R
BRENCREEFS AR RREFIL A5 H
SR VRIS AT R AR
Zo 31 AR Alae 4 o B P w RERF AL RS N
O TRE WP % BB e Y IR e 1 B B
| (in situ chemical remediation ) 22 ZLit 4 4 @
(in situ bioremediation) = ;N3 B ; At F R
£ 3 32f 2 TR B4 (induction heating)
SRR RT REZESRAF L o

A G PR REE Y AR 22 E
EE 97 50%2 B ERFEELESHS I E
#1 (inconclusive) » 31 & Jn FIE_Fl 42 482 2 4%
B FiEfd 2 X AR wRFA > 352
%&1mﬁﬁgﬁﬁﬁ%¢ﬂ’iﬂﬁﬁlﬁ%
TR R MPER TR R RR o Tt
Z1is2 £ 4 Efﬁ'lg-qﬁﬁ%i'%ﬂiéﬁi ’J/LLB??‘QV'
FRaBEEAE HonkRApy 3 e AP
ot L AREE R 0 p Fre R < AR TR A

#i

5
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1 04FE LERL T SRELES M TITRERERER

FORE IR R LR A T G ok
- ERZBALERZ WITRAR o

"

T HRg SR
ARG 2 E A LR
s BHE R T gy 2 R
WEg Bl W e
(=) AR F R Py 7R TR B R R R FR R
2% (NIEAS104.30C) i {7 &k % % T 0-15
N2 R TR Y RIS AR K
koo

CRBERE AR

DR
~ 2L 5\7\,;\,;:{52&

5% 3% (PCBs) il
AL ED L LT o F 4R
P3¢ 3 B~ % % (SpeedExtractor E-916, BUCHI
Labortechnik AG, Switzerland) » ¥ B4 e
TIAFEEISEHEIIHN O K TIRA
2 5.0 mL 2. 230 mesh # % % » # » &K
FREA 2 5.0 g GTR AR LR E S o o i
B B fs L AT o b RNm R (7 R B(6E 2
LB AR L) E I IR T AL
/B &RfadmE vz (NIEAMI187.00C)EF « 5
B A AR $ T A 08 R B(ECD)* 4§ -
reos 2 2 2 prgiv iz (NIEAMIS6.01C) a2
©ORRIEZ X B o MRS e R R A~ 2.0
g 200 mesh 7= “ 4F s > # k353 TR 0 £
PHRARL Y MR R e R R
it;3 (NIEAMI183.01C) /&i2 ¥ 5~% » B~ 3.0
gAY RO L R
RELEL AR o2 10.0 mL & & tRAEEE L *g e
E#re FEFEBRE 4 r 800mL &+ 2 =
FHRIATE DR o R Ao r 50mL &+ e R
%oﬁ%%jﬂmﬁuﬁ@%ﬁﬁkﬁiz
10mLe RBAITIERLT 1% KRB
# 10 & 47 & (Agilent 7890 GC-ECD) » ¢ 4L
2 DB-5 (& 15 m> v j& 025 mm > %5
0.10pum )+ in & % 4 psicii st v 8 A& 5 250 °C>
F kv Wpl® (ECD) B AR P S 300°C »
Wi A7 E 5 150°C = 4F 1.0 min > 12
2.5°C/min = ;g % 280°C > T 4% 2.0 min °
ek ARy FEF 2 2 TR
2R BB R G E - E
(NIEA M353.01C) » fd 4o ™ o Bk R »
ICP-OES w0 » JE & b o i i md2 § L ex B
1.0-2.0 g 2 Kk th & 0 IEFC {8 BT 7
Bris 2 3P 234 100 Bl 5 0 1 el
LA RLRICR S 0.5 g R 2~ §oik
L S itAgY > L Aer 20 ml 2 101
(HNO; : H,0) jriﬂﬂ’ﬁi’liﬂ 5.0ml 2z
(HCl: H,O) @ps-k *"F}i‘:@‘w«v]&:*{%‘
95 C T 30 ~ 45> Bx:'./» 20 & 4
» 2.0 ml 2 H;O, (30% ) F & 10 Ao\i@_’

(=)

().
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B r 2L Y o HE 30 Ak T
@%ﬁ&ﬁﬂ%ﬁwﬁﬁﬁ¢ﬁ}ux(m%)
2 ,% ’ J'lﬁ’é‘ffﬁ"—’ﬁ W ik HyOp 4245 5 1 ~
3 % o By it = A s > Bedl i B ey b A A
PR }\ﬁ‘f§ 7 R IR W S Bl
M3 SR E T 50.0mle @ A 8ok A
Frerdtie s B E B~ 20ml K44 » 1.0ml 2
1:1(HNO;:H,0) swfa-k% 1.0ml 2.

1 (HCl: H,O) ®pa-k > > 95CT i 2.5
P BEER S IR E D 50.0ml
TR KR~ R AR R I B e {1
REMER % Fu 3 3 54k 2 (Optima 8000,
Perkin Elmer, Waltham, Massachusetts, U.S.A )
B 8MEL B2 BB AT 2 BRIk
A4 & S 02 2 NIEA W31152C Tk ¥ & %
MEAFRR 2R e TR F
Sk SESEE A A

BAEEMAE D 50 mg 2 2k F Y48
( magnetite nanoparticle, MNP ) % » 50 ml
2_10%2. aminopropyltri-ethoxysilnae( APTES,
#A3648, Sigma-Aldrich, St. Louis, Missouri,
USA) z @-k? ¥¢ LamEis > f 45°C
T 10 ] pE R kT F ok ¥
a ﬁ??ﬂ L @ ﬁjﬁ S BRS R RS EE S
Fohd e A2 F A2 MNP & iE i p
7K w0 SR U glutaraldehyde i 7 5 1 20
SREFFR FYERANL mf’l"%ﬂzﬁﬁg‘
E At f}'}-»/r ]"__E’J\ﬂ/d“ﬁﬂz_g*ﬁ URE S B
BRE WD ERFY o WH m N2 BB
#0007 #5833 K k4 ( Transmission
electronic microscope, TEM ) it {734 % | £
Bl 2 X sk st ik ( X-ray diffratometer )
#1745 MNP & 3| #2 % -

R3320 I RBR AR AR R
L e
ARITEH G Gt 2 BRI
@@%éﬁﬁﬁ“ﬂﬁﬁmkﬁizﬁwﬁ¢
dv 14.2%@kF ~10.0%4 FHo ~2.5%3% Y45 %
0.6%% i 48 ) 17 2. 37 'IL"erﬁFﬁF"*/PIFé’
AFIVRERRFTEA L0 A4EN Ty
PV AR R EEL LR Rl T RLE
,,T be B A Ao 50%:E T RIS L ATR B A T o
PR LR R Rl IR
ICP-OES #z iB|:& {7 2z % %3*—?; °

oG R AR B A
.ﬁﬁgmaﬁﬁﬁﬁw%iﬁm%ﬁ%i‘
B &R B 2 RliE i 2 Ay 0 7 ok
1S S B L B - BB
BEFRFHIT T ERREE LA ~F R T
(SEM-EDS) > "t £ & fa &2 B £ T Bl 2 o
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104FELE R TSR ELES AP AREREARTR EJERR

BTN S % odo B 3 4 A (R D

o~ BEHHH R IR 0.1 mg/L) c #¢ MAC A S22 4 ik 2

4-1 Eé't*_i—é'fiﬁié‘ %z iﬁ‘]%q‘s‘ =3 Y3 Kﬁ-v}ﬁ;-‘}: » BB LRSS c;.;sﬁ:f,; 43 g5, 2R A
AR ERL AN Liﬁ«%wlf TESH RARRHARTE099 2 0 LF4-

9.2+1.5 nm (—1&"1?‘54-’]@_2%_)0:2:7};&%;':[‘ B 140% -

4% (magnetite) % 8 2 3 F 3RS E A5 16 nm 2ok |, L ) N

TG AR (superparamagnetlsm) ) 00% 4 5 % : . oHg

A Y AT A S 2 @4k (magnetite) & 2 K 3F o | :ZA:

Fo B ARERAE 0 T AR T RS R EA S o a3

AP %i!lﬂ*ﬁ (4ol BRMEY - &) & a3 o | XN
;%'r R = S LR @,Lijlﬁ«’\ = -@i"'ﬁlé'fi e

. 3 g 20% | * ¢d
(paramagnetic) # 7 o A A 3 2 1 f2 5 * F > ¢ . . . Pb
, - v o - R 0% +um—m — ‘ &
- HEET o RT f’iﬂlﬂi FzAEm i’é—bﬁ—*ﬁ L e 0 50 100 150 200 250 300
BIEE A b- AL TR EESRE R 5L 3 R Ol B 2 € & Bkl
ML 1 b 4 [ )
&'i’*%ﬁgﬁg_% ot R .,‘4__,,-—]7]_4‘:@}%_ Bl 3 BB 0.l mg/L 2 & & = fifox
Ml gt m 3 AR TP B w A IR E o Bk ()
g% (magnetlte) %BBT ‘}&F‘]"!’ l}j —Zr’——ﬁl\ug ;33‘ 6000
7 SEM BL% FE 4p 5000 | y=21x + 57.659
R?=0.999
4000 |
< 3000
2000
1000 -
0 T T
0 100 200 300
t
(b)
6000
5000 | y =20.657x + 51.052
R?=0.9997
4000 |
il 3000 -
- o0ril "‘“ p e . p ; | 2000
Bl HFRERET 2R E R '3» 1000 |
0 T T
ol 2 4t 0 B Y g - FIBER G EPES 0 100 200 300

t
Bl4 A2 - e+ > BN )5 1.0
mg/L z_# > (b)% 0.1 mg/L &

it B i d7# &k (energy dissipation spectrometry,
EDS)» H %% 4c@ 14 77 > d pL%F L i
e~ }F*J% 722487 (magnetite)) &8 2 KRk
}-)‘i_ﬂmd-bb ;m»—b:’\;;_l-b °
4-3 B‘a’uf'i_‘}-é- B2 vz 3 % e

Flp ‘@L%”ﬁé‘«;‘}éfi: 5.0 mg/kg & A B3 0~
2482 12/ FREAFRPES RS o B
Ha* £ 5 1.0 g/L BLF B~ 1.0 % 0 (RIS

Py £ TR - R R AR S 7
B 2 2 S R Y Aroclor 1254 2 2 ‘f ot
¥1312 Jfﬁ—z“‘f—» TR AR 2B
B ﬁ%—;‘wi"]ﬁx« 8819 % &% 4 ] pF2
3 0F FAEBCT o JHUTH T AR Bl MNP g @0

iom %3 BT @ F 1Y 5 maghemite £ £_hematite @

W2 BAftisptie (7 EDS & & Bl €2 % % RALT R %@ﬂﬁ%* 5 R4 2 R AR p R R
¢oagpdik o> @R Aroclor 1254 @ RS

4-2/B‘é'r:*_ié'_ﬁi="ﬁﬁﬁé? RIS T N S L
MEMEERRET 8 AL LB A=A RE RPBAT O ERALERTF H 2 ;,gzgi,,ggxlzf;z':
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/T‘#B?rf"“§°ﬁ£*“'j\p 4l pEEm A R
PF R gk 3 ‘f T *?Fia“l ERACE &
e ',% Aroclor 1254 » i858 14/ pFrup T3
ST PR

14
Time, hr
12k ¥t Aroclor 1254 2 3t 5

Bl S Bitie

4-4 BRI 2 BB G oe BRI
PR AR CHE AL

=

FHE
Bt B TR ARE > A BB T 500°C
£ 1,100°C 4% 1.0 ] p% > # 2 % &5 1,100°C *
F A HES 2T i 0 500°C Bl h AR AR
FHA 2 PR 2 kAR REFTRE B 6
= w® i 1,100°C ‘ff%ff»wtf’” rHod 23

i

WY S S ALY i
TER BicF & F % »c &k (magnetic
hysteresis ) ¥ % /% (eddy current) &7 »< i
BFREEFP P FEFP KF‘I%HP“ GRS ﬂ“sf
it 4% 2_ Curie Temperature % % 600-700°C %
AP0 F T dE 600-700°C 14 b s B I % i\ ;
. Curie Temperature 12} > 4814 T2 BF R
‘?l B &> AR BIF T R (10E 0
FPEMBZIEER) B LA BT T
’mWC/}iWJﬁ“##’+%WrW%hﬁt%@
wi'rgi;‘ﬁl’f ;”ﬁf d B % »c )ik (magnetic hysteresis )
Pt B2 T K R R 0 B RO B
FP @R G 09903 2 0 A 250 4eT

T =360.27xIn(t +1)+7.1218

;E':ﬂ Pm_}ivt,,]:’lfﬁ*o;}:l'\i]fﬁ ﬁi\‘*g—"’
iZ 7] 400°C 2 1,000°C 2. BFRF & w2 1.76 82 12.72
F) 0 @ s3] 1,400°C B 7 & 47.60 §50 ¥ A A

3780271 2ed M@ % 2. 7T R AIFF T
Fivd e 1,000°C T TSt o H3 4
AT EEARE 5 o it- H TR LA
Cisz RIFEFR NEHR2ZE £ BHRPIE S0 R
LA 955 2 e L Ry B 7 397 2% 2

Z_ P & AVE A A 97.0%3 100.0% 2

TG M BE R E R R A S 0% 1%2% ~ o
5% ~20% (KR 32 E R . ,\,'é)v F—ﬂ
1444&%]}1\%,3?15@@5; Lbfg—ﬂib‘giigg 1600 - o
BRI R R 2 RIS AR o T bR R AL 1400 | o
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Distribution and Cycling Mechanisms of Inorganic Emerging
Contaminants in River Sediments - A Case Study for Watershed of
the Wu River
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Abstract

Heavy metals and trace elements such as
selenium (Se), gallium (Ga), indium (In), and
molybdenum (Mo) have been widely applied in the
industrial product process. These elements are
essential for the metabolism of plants and animals.
Contents of such elements is of environmental
interest because of a narrow range between
nutritionally required and toxic effect concentrations
in many organisms. Even if environmental levels of
the trace elements are relatively low, the effect of
biomagnification may result in an essential
accumulation of trace elements in ecosystems. In
this project, our objective was to develop the
distribution of not only heavy metals but trace
elements in the basin of the Fazih and the Wu River,
which has been received the wastewater effluent
from hospitals, the Taichung Industrial Park, and the
Central Taiwan Science Park.

According to our results, contents of heavy
metals in the river water of the Fazih and the Wu
River were lower than the criteria for the agriculture
irrigation water. Regarding the trace elements,
however, we observed an increase in Se and Mo
contents for the river water sampled from the
downstream Wu River. The sampling site was near
the effluent location of wastewater generated from
the Central Taiwan Science Park. In terms of
sediment samples, those collected from the Fazih
River contained higher amounts of Cu, Zn, and Ni.
Levels of such metals exceeded the top limits of
sediment quality criteria, suggesting that the benthic
and small aquatic organisms in the associated
watershed have been subjected to permanent damage.
Due to the relatively higher flow rate in the Wu
River, the heavy metal contents in sediment samples
collected from the Wu River were generally lower
than the top limits of sediment quality criteria. We
found that the sediment sampled from the Fazih
River watershed contained relatively higher amounts
of Se, Ga, In, and Mo than that in the Wu River,
although we observed an increasing Se and Mo
concentrations in the Wu river water. Results of
Pearson correlation and principal component
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analysis (PCA) show metals in river water could be
classified into three groups, implying the discharged
metals might come from three different sources.
However, the PCA results for sediment samples
didn’t show the same trend. All the metals are
correlated to total organic carbon (TOC) and
amorphous Fe/Al, suggesting that TOC and
amorphous might be the major environmental
factors controlling the accumulation of metals. In
addition, the linear combination fitting (LCF) for the
Se-XANES spectra indicated that the Se species in
the sediment and suspension particles could
generally be described as FeSe, elemental Se and
trimethyl Se. Selenate, which is more toxicity than
other Se species, was also found at sediment sample
of downstream Wu River.

Such results indicated that sampling sites with
higher TOC contents pose a high risk for ecosystems
due to the accumulation for heavy metals and trace

elements. Hence, we suggest a continuous
monitoring for the levels of metal accumulation in
sediment samples. Such information could

eventually serve as scientific results for authority to
develop the related regulations.

Keywords: River Sediments; Inorganic Emerging
Contaminants
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Pb 127 2077 .000 035 -013

Zn 1 308" 5747 6297 556

Ga 1 466 466 197

In 1 915" 494™

Mo 1 580"

Se 1

** Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.05 level.

4 2. Rk & £H e &4 2 Pearson 4p M 4 17 4B (Pearson correlation matrix) 4 7 ©

Cd Pb In Mo Cu Ga Se Zn Cr
TOC  .794%% 712%* 742%%  834**  607** 875*%* BO6** .B50%* .851**  845%*
Fe 394%*  698**  27THRE A498**  426%*  545%*  684**  S1TFF 567**  520%*
Al ARTH*652%*  A36%*F  608%*  442%*  668** .697**  615%F  702%*  525%*
pH 174 -.034 .193 .035 -.007 .000 .052 .009 -.110 .068
ORP -049  -134 -047 -143 -106 -105 -054 -147 -153  -.082

EC .098 158 .108 .053

136 .100 127 .003

.069 134

** Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.05 level.
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Investigation on Occurrence of Environmental Hormones in the
Cianjhen River Sediment and Its Treatment by in situ Enhanced
Bioremediation Coupled with Electrokinetic Process

Fd LA MBS ASETY s P hE

AL 1
7"55”&% g @ hwer (7 LIE) K
FP L BB (P45 (S MEARF S U RRfg 4
11 ¥ - 7 ffadf ¥ ~ T AR 2 Fp A)
ZARGRRE A RN AP RAERE T
AEECRBFEFAARE - DARERRET
KA Y VR R ASSEERF - 7 sz T
FEANF - U Rfq R V5 o H P b L
B AR de 1 mgkg kAR (ppm kR) ® s 2543
¥ TpRc (e A R)(DEHP) AT E - #
BiRAE (29440gky) 5 TR S TRl A
W2 RNAPIPEE ) R TUEZ 1498 o @
R LGERBS L R AN D PR B
fn (DINP) A& F kA& 7 ApiT2 4% (d 2 Hé"’“
DEHP) o 3 4rap 8 4 -3 #5 4 ﬁ”fmiiﬁtrpéﬁﬁ %

$EA (1) B4 28 (1.5 Viem) 2 &
B g B DY L h Q) S

AR F BEAT TR FERE pH EX T
4 2 it kit 2 B (T HpH=750)> %
[6%: 51 iﬁ?‘]*’?@ﬁ]iﬁﬁ" Z ip4 B L EERA
A ZARBRE S F KR %ﬁt‘“%‘x‘ir"g R
75 A2 on sk () R F AL B AR R
?%’gd E @@?Jf#f—%tii%’f'” ’ fﬂi?fiﬁﬁ%iﬁﬁ

PR A o #E MELE S B4 20k 5 (4)
KRDGGE*%&T’ﬁﬁﬁiﬁwwﬁ%Q%?
FOUHGERP A2 2 R RARG R 2
(5) TABEE T TH A et iz ke
Flavobacterium sp. ~ Bacillus sp. ~ Pseudomonas sp.
% Rhodococcus sp. 5 ¥ "§ fRANF = U R pLfin 8F

(PAEs) 2. Atk o st ¢t 2y B k2 & FEILH
mﬂﬁm¢iﬁwqﬁlﬂ%ﬂ¢ﬁ’ﬂﬁ%?ﬁ
:t:!'_o

M4 : H4P S RECEBRFEF R F ke

CHERS JE A A R o,
Abstract

The objectives of this study are two-fold: (1) to
investigate  the residual concentrations  of
environmental hormones including eight phthalate

esters (PAEs), 11 phthalate esters metabolites
(PAEMs), nonylphenol (NP), and bisphenol A (BPA)
in sediment samples collected from the Cianjhen
River; and (2) to develop an in situ enhanced
bioremediation coupled with electrokinetic process
(in short, “the in situ enhanced bio-EK remediation
technology”) for the removal of environmental
hormons of concern in sediments of the Cianjhen
River. To meet the first objective, four batches of
sediment have been sampled at five sampling sites
along the Cianjhen River. Total of BPA, five PAEs
and seven PAEM were detected in the sediment
samples. On the other hand, NP were below their
method detection limits (i.e., < 100 ng/L).
However, the level of parts per million (mg/kg) of
residual di(2-ethylhexyl) phthalate (DEHP) was
detected for sediment samples collected at
Hungmaokang-Road Bridge. The relevant highest
concentration (2,944 ug/kg) is 1.49 times greater
than the lower management level of the
“Regulations for Systematic Management of Quality
Indices of Sediments and Their Use Restrictions”
promulgated by Taiwan EPA. To meet the second
objective, the test results are given as follows: (1)
enhanced removal of PAEs was obtained by simply
coupling EK and intrinsic microbial because the
electroosmotic flow would render the desorption of
organic pollutants from sediment particles resulting
in an increased bioavailability; (2) injection of
oxidant into the sediment compartment not only
would alleviate the pH variation due to acid front
and base front (maintaining at neutral pH), but
would be directly utilized as the carbon source and
oxygen source for microbial growth resulting in an
enhanced degradation of organic pollutants; (3) as
compared with the case of injecting oxidant into the
sediment compartment, injection of oxidant into the
anode compartment would yield a lower degree of
microbial growth due to a loss of oxidant during the
transport by EK; (4) through the analysis of
molecular biotechnology (specifically, PCR-DGGE)
it was found that both addition of oxidant and
application of external electric field would be
beneficial to the growth of intrinsic microbial and
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abundance of microflora; (5) the sequencing result
showed that PAEs could be degraded by the
following four strains: Flavobacterium sp., Bacillus
sp., Pseudomonas sp., and Rhodococcus sp. It was
also determined that “in situ enhanced bio-EK
remediation technology” is economically feasible
because of its low operating cost of no greater than
40 USD/ton. Based on the preliminary test results
obtained, the in situ enhanced bio-EK remediation
technology appears to be promising.

Keywords: Cianjhen River, Sediment,
Environmental hormone, Occurrence, Enhanced
bioremediation, Electrokinetic process, Molecular
biotechnology

- ~dd P
#7875 4 ¥ (Emerging Contaminants) 31 &
% &L Tz m AR T AR 22
*R*R%J;ri%"w EEZ A RBRBRETF RGN
it FE 45 A3 e gid b BorimE e
EF R Lo B¢ 5 ¥ - Y ifig#F (Phthalate
Esters, PAEs) ~ g£f~ A (Bisphenol A, BPA) % I

ﬁ§ (Nonylphenol, NP) £2 A 552 p % 4 E %7 4p
oL TS R R AR (7P FE)
ﬂua%x/%?m FH T 2 ke g

B Lx bt AREAFY -

T R LT Y W
2 =R e A ;}L;.gf;‘;;; WY g e ol
(1) an‘#rw» fE R T 2 P R T d A0 AT
FHAPLEDFTE @ﬁ;] (Simoni et al., 2001); (2)
5 F 402 5 »xi (Lohner and Tiehm., 2009) ;
2QQ) Ry AP HEFTFT A TR EE F RN
4 (Mrozik and Piotrowska-Seget., 2010) °

BORRA PRS2 RG] AT 2 I
‘”;{iééﬂi 2 AR A P B L et fE e gk o ;L_Q e >
Lo ke i() BB AAT AL PG oon o A g R
B TR R L RE eI 4
FEA Y e pkﬂr_ﬂt*‘#ﬂ:&@i#ﬂ“éﬁ* (Wick, 2009)
(2) 1AE n Al d MR 2 R RR L i 15
2 4~ 41 (Maini et al., 2000; Luo et al., 2005) ; %

(3) REs 4 rFac ¢ :é FT RS HOR A
FLREBRE 1 F CBRRBERTFIEE T I
i PoE fReniE (T (Klm et al., 2010; Lohner et al.,
2011) »

A ANP I RFRTE R ET A RR
AR WK A PR RR
PM%iE““T¢YUE$k§7@$”1"“E

SHMBHEERRE S TH A Fkrr LB
ﬁ,#ﬁd?% A2 Ty e i S B S
FEAEZREEF (L REATAL) R
D Rl e e S s o A -
¥ PAEs /3 4 Fip L& &3 4 BUNE RIS

W AR 2 AR R

= s e
AEFERFER AAAHE > DEES B
B R (B 1) AR I L R
;‘f~ %® (Ekman Dredge) i&{7 % & (0-15 cm) &k
B E o RS (5-10 T B 2 ok
Ul@' DHpE AT ) AR R DS £ L 24
BAKE SR Y 120mL B Al E
(B d IR Y BB SIEE - TR 4C
IREET R E 4 R R RFL T

—
Lt

Bl 54gr (L% 2ZRIHEREER

ﬁé%i%iﬂﬁwo} e BT ORRIAA (1 g
mL) > I & * 4§ & (Sonics, VCX 750, 750 watts,
20 kHz) %7~ ~ # & i 22X § k¥ (Eyela,
MGS-2200) % 4% &5 a2 A2 5 0 £ & * “ A% % A
25%°% ﬁf;’- J\/Q/’ii 25%¢t 3% - J\/plﬁr‘b %X i;l_ ’
in g 17 R B LC-MS/MS 4 & @ * £ ® Agilent

71290 4152 47 B »ac ik 4P K 4T R 2 6430 A
2 = E B B fmfE TR (BRTEERES R
MR Tk A A LR % £ R Agilent 2 2 4 3
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T Afe ~Ef A8 FHF - " RAgsg s 11 fAu
F U Rhpadp oo

R BRI Y SR LD SR I |
BRSO hT A F R AR Ed BT
REREEE FRHAKEF REEEH % EK &
e e dve RFF B2 AWM TR 2 7%
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AT o E R 2 RAF BRBRE S 33 000 HRR
FleE it ak2l 20 2565 2 dgt (3
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AR SR~ S AR SEE EE BA
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HE=FHEE
Di-n-buty! phthalate (DnBP) 1 1) 17 (100 ND 2(25)
Di-iso-decyl phthalate (I3iDP) 1 62(100)  T(00)  48(100) 3R (100)
Di- (Z-ethylhexyl) phthalate (DEHP) 1 1043 (100)  32(100)  104(100) 32 (50}
Di-iso-nony] phthalate (DINP) 1 LI9R (1000 437 (100) 193 (100) 206 (100}
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Bk E s gL 3t LB, iR

1 14 & ELE BN

._
il
v
o

E
N
hr

2 14
M K,HPO,

(0%)
—_
S
E
[\S]
-

N
&}
o0

3
G ~be
-

p—_

N
B

5 28

— i
[\

%15
> ") M K,HPO,

P 4c 10 mL 0.03
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[\
]
ey
Bl
&
R
7“_.

F 4 10 mL 0.1
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AT RR A B 2 KRR 5% 2015 & 2
D3 RpHEREp AR (7R LE) 2L BRI
(ﬁ%*liﬂﬁﬁ%’%é%wﬁi&%ﬂ
DEHP 7 #5.8) #8162 L3953 » B3k KL
# 5i& {7 DnBP ~ DiDP ~ DnOP ~ I A fs 2 5 A
(kR ¥ 5 500 ughke) e (FI2R A%
%%%»iﬁﬁﬁ%mAfDﬂWDmPﬁm@P
ATERRERK) L2FAMFT L7 o7
Bded 3557 o

13 HEPREAITATEE
Valuc
Item
Original® Spiked”
pH 7.50 6.84
Maisture content (%) 264 264
Porosity (%) a7 37
Sp. gravily 1.23 1.23
Particle size distribution (%)
<0002 mm {clay) 0.23 0.23
(L002-0.05 mm (silt) 0oz 0.03
0,05-2 mm {sand) 09,74 09,74
Texrure Sand Sand
Organic conlent % 218% 2. 18%
Contaminants concentration (ngkg)
Butyl benzyl phithalate (BBP) | <1
Di-n-buty] phihalate (DnBP) 2 S08
Di-iso-decyl phthalate (THTIT) 43 01
Di-{2-ethylhexyl) phthalate (DEHP) 523 521
Di-iso-nony] phthalate (DINP) 496 4494
Diethyl phthalate (VETP) < | = |
Dimethyl phthalate (DMP) =1 <1
Di-n-octyl phihulate (CndP) 43 Sii6

# The river sedimenl samples were collected under TTongmaokang-Rouad Tridee of the Clanjhen River,
which included Fengshan River, Taiwan on February 3, 2013,

" After colleation, DBE, 19DP, and DROP (500 pgikg cach) were added to the river sediment, which
has heen sleriliced helorshand (1.e. ubsence of microureanisms).

(= )3+ %
PP R R LA
GRRASE U AT AR 2
4o 3 (a)-(d)#rr 4 B 3 (a) (A &
B VB T AP 2 S g N R ﬁ” EEd
LET ERRRE AL KR4
23 ‘45 A w5 70-100 %% 83-100% o vt q‘nB
ey Ce (5551 3(c)) VAT Rt ¥ AR B
- RS P EBEROE LAY F R 14323
F % 89-100% - & D = (B3 (d) (* 7 #&2
#iﬁfﬁgta)"’u F’J‘r‘ﬂ‘ﬁ %'ﬁ(g OOlMﬁ
La) *F 14 = fb—»%mmfﬁ L'k fE
20-94% > ~ DnBP i % 2 Ff 2 %5 —’Ibq‘ﬂ
3 F,f e v iE 90% o
L=t Fé%ﬁﬁi*’gz?lﬁu
(a)-(d)) » F*xH1 > 4~ s
S Pl s g o
BRI g o F

BB FIE P
7L N !

2) 2§ 3(b)(B

M \4~ MEY

"TiEF CEERZKREZ

ﬁxz,l dvm Ffﬁaﬁ (,}é%;ﬁ'{(i#ﬂ;“*) xlry
—; P EE ASBC 2 ERm 2 R A Y G
2.87x10° CFU/g ~ 7.43x10° CFU/g % 2.24x10*
CFU/g> **F % 4 % > 7 *¢ 0.01 MifE% v %
W Bl) 2 EAa® (7 00l MiEF t3) v
(Cle) H A HAp 22 4 303 4 0.001 M 6 §
ﬂ?7@ﬁ(Am)§@w%F@¥6%§&*
?% F Rt wmxﬁgﬁﬁﬁiﬂikﬁ
@ Gy AR (7 00IMiBF &)

F@%OS%’%ﬁg

Addition of 10 g sediment and 10 mL DI water to the reaction vessel (@)
Daily injection of 0.001 M H,0, to the reaction vessel

700 | Enhanced bioremediation of PAEs-contaminated sediment in the reaction vessel for 14 d
DnBP concentration before remediation: 2 pg/kg
DIiDP concentration before remediation: 45 pg/kg
600 | DEHP concentration before remediation: 523 pg/kg
DiNP concentration before remediation: 496 pg/kg
DnQP concentration before remediation: 43 pg/kg

o
g
g

w
g
8

B
g
g
Total bacterial count in sediment
log (CFU/g)

Residual PAEs conc. in sediment (ng/kg)
»
H

3
8

0 0
4
Time (d)
800 15
Addition of 10 g sediment and 10 mL DI water to the reaction vessel (b)
Daily injection of 0.01 M H,0, to the reaction vessel
700 | Enhanced bioremediation of PAEs-contaminated sediment in the reaction vessel for 14 d
— DnBP concentration before remediation: 2 pg/kg SDaBP
Fi DiDP concentration before remediation: 45 pg/kg EDIDP 12,
T 600 | DEHP concentration before remediation: 523 g/kg CODEIP g
2 DIiNP concentration before remediation: 496 pg/kg ODINP E
- N e =
g DnOP concentration before remediation: 43 pg/kg EDnOP 3
£ S0 4 Total bacterial count 0 B~
= - 0
2 S
£ 400 )
< = o
5 ¢ 5=
o 300 2
= g
< =
[l =
= 200 £
€] S
2 3 ©
& 100
0 0
05 1 4 6 14
Time (d)
800 15
Addition of 10 g sediment and 10 mL_nutrients (o the reaction vessel R
Daily injection of 0.01 M H,0, to the reaction vessel ()
700 b Enhanced bioremediation of PAEs-contaminated sediment in the reaction vessel for 14 d
DaBP concentration before n: 2 pg/kg SDnBP
DIDP concentration before remediation: 45 pg/kg EDIiDP 12
600 | DEHP concentration before remediation: 523 pg/kg EDEHP
DIiNP concentration before remediation: 496 wg/kg EDINP
DnOP conceniration before remediation: 43 pg/kg BEDnOP
500 4 Total bacterial count 9 _
&=
=
=

=
H
Total bacterial eount in sediment

Residual PAEs conc. in sediment (ug/kg)
.
H

2
g

Time (d)

800 M aition oT 10 gsediment and 10 mL nutrients to the reaction vessel @ 15

Daily injection of 0.01 M H,0, to the reaction vessel
700 | Enhanced bioremediation of PAEs-contaminated sediment in the reaction vessel for 14 d
i SDnBP
aninp 12

DiDP concentration before rem

600 | DEIP concentration before remediation: 523 pg/kg
DiNP concentration before remediation: 496 ng/kg

DnOP concentration before remediation: 43 pg/kg

SDEHP

EDINP

EDnOP

A Total bacterial count

Residual PAEs conc. in sediment (pg/kg)
&
g
Total bacterial count in sediment
log (CFU/g)
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Btk MRS A P4 R 2ok o FR s 5 4
P2 Aok AN F 2 HI(4) HRE 3 EEY
402 FEHEFFOTIREBEERT RS KL T
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gk pH B rig & Rk pH [ERES R
&%’ﬂmﬁ4#é$ AR SR SR A
7R L F PR T R hiRg

ik %#Wi%*%ﬁﬁﬂwﬁ%d*%4®ﬁ
Bl F Al o et lgiEA Y LI L 0
g 2 R 2ok o B fRniE R P2 2
A3 5

=

B R

e w = RATAAFIBEAIEEALAA N L
o) sapH & Hchis ho 4 A 5 (uglke) _ ek
0.33 0.66 1 Bk *(ug/kg) I~ iR (ug/l) (%)
1 7.97 DnBP 2 <1 <1 1 0.02 68
DiDP 24 41 14 26 <0.01 42
DEHP 489 407 439 445 0.01 15
DiNP 437 408 350 398 0.01 20
DnOP 36 30 34 33 <0.01 22
2 7.56 DnBP <1 <1 <1 <1 0.02 100
DiDP 11 13 8 10 <0.01 77
DEHP 297 374 314 328 0.01 37
DiNP 320 348 324 330 0.01 33
DnOP 22 29 24 25 <0.01 41
3 7.99 DnBP <1 <1 <1 <1 0.04 100
DiDP 9 14 9 11 <0.01 76
DEHP 379 412 400 397 <0.01 24
DiNP 335 403 344 361 0.01 27
DnOP 29 33 32 32 <0.01 27
4 7.83 DnBP <1 <1 <1 <1 0.01 100
DiDP 9 8 12 10 <0.01 79
DEHP 201 194 255 217 0.01 59
DiNP 241 214 207 212 0.01 57
DnOP 14 14 20 16 <0.01 63
5 7.87 DnBP <1 <1 <1 <1 0.01 100
DiDP 7 7 6 6 <0.01 86
DEHP 232 247 216 231 <0.01 56
DiNP 186 192 189 189 0.01 62
DnOP 17 17 16 17 <0.01 61

*DnBP ~ DiDP ~ DEHP ~ DiNP 2 DnOP *"# ;% 2 4= 42k & > &4 %] % 0.02 pg/L ~ <0.01 pg/L~

<0.01 gg/L~<0.01 gg/L % <0.01 pgL -

°DnBP » DiDP ~ DEHP ~ DiNP 2 DnOP *t & it 2 = 4aik B 0 & %) 5 2 pgkg~ 45 ngkg ~ 523 pgkg ~ 496 kg 2 43 pgkg e
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(B)EE FicBRV AL
%ﬁﬁé%ﬁiﬁwﬁﬁﬁi%ﬁﬁ&’%
doa A s RR Y 2 FARR T 0 B RS
WEFhrd 52 A5 R AeE 4 frT o d RS
R R R A A S el
Ak o % 1 BE%K2 ST RET U AT
o BaA R s uERRred R v
WA A R TGRS AP ERE 0 T AR
AEH % 2 BRHRFIEE AL TREF &
FodERERPMASFIEBAZF § 0 2R
FpH EFE 4 THITE AR IR R Y
BN AP LR OB R RRENLF
By | 2% Z % 3 e@d%YE o % 3 n@E%
GEEE AL RN Fd THS IR
IRRFEEZY S REF JREZ KET 2
A T BT BRI ARNE S 1 e
AL EREF BEY L RBRY 1 Bk
ﬁww*o$4L$$£$5L$%'ﬁﬁ%&
S5 2 EFRE S 3 eERip N RIpHEET
Tip gz w L F REFER > AT iRl
2. pH Ejp 7] %1 o B RARITIA ~ B iR 2k
A g o B ARITIE S B iR 2 FARE 2
g$$&%3@$$*’@&%£@§é¢ﬁﬁ
W%%g?%*pH%ﬂzgﬁﬁJ,ﬁm%M

[ sl

SET 2 AR

% 6 5133 DGGE » 7% % > E 2 % 5
HZJEFF EEY L REFERE (Lane 14) - B
%4 (Band) :£{7 DNA B 7L 44> d L 412 % (F
feo sE A B A 0 & 5T A F
Flavobacterium sp.~Bacillus sp.~ Pseudomonas sp. ~
Rhodococcus sp.~Herminiimonas sp.~Zoogloea sp. ~
Naxibacter sp. ~ Massilia sp. ~ Actinobacterium ~
Burkholderiales *  Duganella sp. -~ # ¥ >
Flavobacterium sp.~ Bacillus sp.~Pseudomonas sp. ~
% Rhodococcus sp. © F 1P B = )f’: HR A AR
£ 7 "% % PAEs 2 s 4 (Patil et al., 2006; Chao et
al 2006 Kido et al., 2007; Lu et al., 2009) - g* # »
Hermzmzmonas sp. Zoogloea sp. ~ Naxibacter sp. ~
Massilia sp. Actinobacterium ~ Burkholderiales,
% Duganella sp. > 7™ F ApBE 2 pr#EFR 7 F 2 H @
77344 (Lietal, 2005, Klm et al., 2010; Bajaj
et al., 2012; Kim et al., 2014; Liu et al 2014; Tong
etal,2015)> fe* 6 Fik& & 5 % PAEs 5 %

ZEBEY > T FHRBRZPAE G T EEE
BB5 —’.L#ﬂ\ it 3 (Wang et al., 2010) -

& AE#ET % DGGE » 47.% % #4v > Ftk
4 (Flavobacterium sp.) ~ |tk 6 (Burkholderiales) ~
Ftk 7 (Massilia sp.) % Ftk 9 (Rhodococcus sp.)
TR ETHA f{ié?i‘%“ﬂ‘%“ R

*#»pHm el o RIFAAR R FLR o JRIBRBRA 2504 o T e AT AR
EAE N T @Lpéﬂl*ﬂgﬁ f )
%5 DGGE # 585 4

Test No. 0s? 1 2 3 4 5
Normalized distance 033 066 1 033 066 1 033 066 1 033 066 1 033 066 1
from anode reservoir

DGGE 0 1 2 3 4 s 6 7 8 9 10 11 12 13 14 15

Lane No.

? Original sediment.

" s |mclnsxifibed

W4 To 4% A W
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26 DNA %5 4% 2 Fihst il ot # (6% 14 5485)
At *FF2LFREA A DNA Bslip iR BBEAFT 7R F KR ?‘%*f‘%
RS Y BEFL A
4 Flavobacterium sp. SIF5  Flavobacterium sp. 92% 'k DMP: 1000 mg/L Kido et al., 2007
5 Bacillus sp. A1148 Bacillus sp. 85% 'k DMP and DnBP: 20 mM Patil et al., 2006
8 Pseudomonas sp. HUK21 Pseudomonas sp. 99% EE: 4 DBP :100 mg/kg Chao et al., 2006
gene
9 Rhodococcus sp. Rhodococcus sp. 99% 28 DMP: 200 mg/L Lu et al., 2009
VITSNK6 DEP: 200 mg/L
DBP: 200 mg/L
THRLG ] B EFLHE
1 Herbaspirillum sp. Herminiimonas sp. 97% K Toluene: 0.96 mM Kim et al., 2014
UKPF17 gene
2 Zoogloea sp. PW-7 Zoogloea sp. 99% EX: 4 Phenanthrene and pyrene: Li et al., 2005
100 mg/kg
3 Naxibacter sp. X16-7 Naxibacter sp. 99% EE: 4 Chlorpyrifos: 100 mg/kg Kim et al., 2010
6 Burkholderiales Burkholderiales 99% EX: 4 Pentachlorophenol: 200 Tong et al., 2015
bacterium enrichment mg/kg
culture clone
AP-FeEnrichl0
7 Massilia sp. YMA4 Massilia sp. 99% EE: 4 Phenanthrene: 8.62 mg/kg Liu et al., 2014
10 Duganella sp. BD-al4  Duganella sp. 99% EX: 4 Selenium: 11.6 mg/kg Bajaj et al., 2012

T FRALPIEE RS 2R
B A ] g 3o (%) Ko g P
: (NTD/ton) ¢ f
A T o 3
(Supercritical Fluid Extraction) PCBs 3,713-4,687 Zhou et al. (2004)
3 A
(Soil Vapor Extraction) PCE, TCE, DCE >80 19,582 Uhl II1(2005)
% 8 A~ i2(Pyrolysis) PCCDs, PCDFs >99 11,846 Wijesjara et al.
(2007)
#5% '(Thernal Desorption) TPH 70 2,898 Ha and Choi (2010)
4 $ 42 5 (Bioremediation) Toxaphene, DDT 86-93 4,205-8,765 USEPA (2010)
"é{: & 4 ﬁgé A5
PAE -1 11,84 £4 F X (2013
Nano—Fe;O4/SZng' 3 s 65-100 ’8 6 1{; f o ( )
T g 0 PAES.I .
" Antibiulic, 4 Non 70-100 5,681 HE£4% 4 (2014)
Nano-SHM/H,0, Antibiotics
G .
SPAEs 56-100 1,298 *F7 7 (2015)

beag VIR A PG
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43 JFS AR E

A LE RN E 7 ffa s d o
i RR2 8 S iR BRm e TS A
B ERLLFEHEL S BRGNS
’ﬂ%;‘i i % 0.10 kWh » i r.,-’f* A NP2 l%
% (2014& 100 1pf%) ¢ “2pE” T
¥ ?IF“ (330 BT E) g 1 & 2LE 0 Tia
T 258 AKWhFE TP 95032 Fmua
FREHP YRR AWM EERRG A
w4 7.972 x 10° ~/kg 2 1.298 ~/kg > B (£
51,208 A/eE o B pEOTH © O B
R R EOR (R E 7)o E I R A pE 2

Bhm RS L% s PEA -
I~%Hk

|J

=l

487 (g rE}Llr,_,_) J& R ¢ %ﬁﬂﬁ%ﬁ;A
(BPA)~ 5 ﬁzéﬂw = 9 Ffip%F (DnBP~DiDP-DEHP
DiNP 2 DnOP) % 7 f&a8%F = 7 fafigsg B~ i
£ ¥ (MnBP ~MBZP - MEHP » MEP - MMP » MiNP
2 MOP)- ¢ » = B peil Rk # 5 > 2 DEHP
AT RE (2,944 mgke) &' AR &gt A A
SF?I“U? * g FIyEE ) T RUE (1.97 mgke) 2

149 & > B od 43 NIE A F LT
AR ERREETEA() By AL )x%"]%,}’u

i *r%ﬁa%g T RR LS el priEp
"}%/fb PAEs z_#zse > H ¢ >0 'jﬂz ﬁ’if_{ii% 5
Q) Rz L F REFRF 2 Iﬁﬁ‘ﬁt
224 & "F % F PAEs 1“%* 2% 5 (3)
PCR-DGGE 4 5. l%e&mq‘ﬁfﬁ | % G ¢ Hm
THT RGERB L P2 £ R FEAH A2 (4)

*EH -EF%‘ IFL&H ﬁflrﬁli"'ﬁ‘ﬁf'tg\‘#'w 'w-]ﬁ
1,298 m/vhp B AT A
I S Ao
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Identifying the Causes of Sediment-Associated Contamination in the
Erren River Using Whole- Sediment and Porewater Toxicity
Identification Evaluations

R AR FRE1HEHE L #HE

- NP R

AP G ARP DL P B4 (Hyalella
azteca)wi m s il 2 & Mgk M iE - -k
(ER1~ER10)% = #;%(SY1~SY5)i5 % Rk &7 3
MEB% 0 3 * > kK (whole sediment)fr3t [4 -k
(porewater) F 4+ # T_#* i% (Toxicity Identfication
Evaluation, TIE) 3 jiv#s i fo #o %L i Kk dhi &
F B ko 2T TIEs L B35 €& Fic?
HBE A s L o A IFE TIE AJ2ARR G
* O ei® 7 EDTA~ B gt 2 i fofs e s
RIFAADEFER-RFET 2 RA o Bk g 234
227 R F o4 A MNP 5 @ * Hyalella azteca
BT RAR 10 %/ FVH-k 48h 2 & 5%k o = &
RN AR (B BB ) oY
‘= (CHR, BbF, BaA, Ant, and BaP) > * ¥ 1)k &
BoAT B R SR T U o 2 AR B R
TIE #+- ER8 2 SYS> 1 &2 L hR5 4 % » 7
tedh T G B EE MA@ fxk ER4~ ERO 4
£% 2 4£F@n~Cd~Cr~ As)#73l 4o cnd |35
#:kER6 5 Cr 4 EREZ M - AT %8
Aok TIE $:: ER8 > 1 & 4 25 § » %
AT B EEMA M ek BR2) AR 3 B E
¥ 2 XPAHs > Jte i 7 2 BARE P15 g RF "
4 M@ 3 ER3-SY1 2 SY3 5.4 & £ f(Zn -
Ni~Pb~ Cd~ Cr~ As)#3l4zhd f2 » 7 4 EDTA
$EEF A o TIE &% 304 Mpldr L
EFLMERATZEES R i 2T U]
FAE GBS PR ME PR S
BB AL E RS A R L (G
Wicm ) frd 2 B Al FAPM 1L > L ipetfp
M2 R 40 Ffed P2 B ¥ E R %
B ¢ 327 i AR ORI RS
LRI A S JE Tl o PRl LR S e
$IF]F o d 32 RIEJeit Bk TIE 2 7 ok &
Ak o @ A fETIE 2 A S8 (7 h G057
Kks B AAPMKE TR ERLF B B

il TR o

Makim - RE#F - R4 $ ~ Hyalella azteca ~
2RE Pk 2 HFTH R

Abstract

This study utilized freshwater amphipods
(Hyalella azteca) as the sediment toxicity test
species for assessing sediment-associated
contaminants in order to screen for risk levels in the

Erren River (ERI1-ER10) and San-ye River
(SY1-SY5). Two-phase toxicity identification
evaluations (TIEs) using zeolite,

ethylenediaminetetraacetic acid (EDTA) chelation,
cation exchange (CE), powdered -charcoal/solid
phase extraction, and various other analytical
techniques on whole-sediment and pore water
samples were conducted to determine the causative
contaminants. Untreated (baseline) and TIE-treated
sediment and pore water samples were evaluated for
toxicity using H. azteca 48-h and 10-day survival
tests. Heavy metals (Cr, Ni, Zn, Pb, and Cu) and
polycyclic aromatic hydrocarbons (CHR, BbF, BaA,
Ant, and BaP) were detected in the San-ye River and
exceeded the lower limits of sediment quality
guidelines. The TIE focused on three classes of
contaminants: ammonia, metals, and PAHs.
Whole-sediment TIE indicated that the major
toxicantat sampling sites ER8 and SY5 was
ammoniaand that itstoxicity was significantly
reduced by the addition ofzeolite. Toxicity at
sampling sites ER4 and ER9 wasinduced by
ammonia and heavy metals (Zn, Cd, Cr, As),
whereas metallic Cr wasat toxiclevels at ER6. Pore
water TIE indicated that the major toxicant at
sampling site ER8 was ammonia, but zeolite
significantly reduced its levels. Toxicity at sampling
site ER2 was induced by ammonia and XPAHs at
sampling sites ER3, SY1, and SY3, and was caused
by heavy metals (Zn, Ni, Pb, Cd, Cr, and As) that
were identified by adding a chelating agent (EDTA).
TIE can be used toconfirmthat a causative toxicant
has been correctly identified and quantitatively
correlate its measured toxicity toits concentration.
This study revealed that different compounds
(organic or inorganic) in whole sediment and
porewater are highly characteristic of specific
toxicants; however, other factors, chemicals, or
organic carbonsdefy identification and are still
cryptic. Due to the different toxicities of whole
sediment and porewaters, TIE studies conducted to
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assess risksand correlations are discussed in order
toreveal the causes of toxicity.

Keywords: Toxicity Identification, Evaluation,
Sediment-dwelling organism, Hyalella azteca,
Whole sediment, Porewater, Bioavailability
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B G AR RRR K b B od B AES
N SRR RIEE + FARL S T
VAR AT R L RMEE RS
P SRR - o B KEF R E 2
BRI BLAFNERAFERE S8 (2
ef RE[1-3] o KIE P W ARBE IR 7}‘% = Eﬂ'“ g

ol yiz k2 g3 F’“}J@[ I
Hgrg A APl LG HELEE 4 F
PRSP T AL S £ R Lk
TfEARREEORA A F 2 F ok
- *g - i@ B #F (£ p|E(controlled toxicity test)zt
% #% 3% (bioaccumulation test)if = o > &k
(Whole sediment) ¥ AL * kTR RE 542 2 4 4p
R 14 (biological significance) *t » 7= ¥ & d J& 15 F] 48
(suspended solid) ~ ;3 ! % (elutriate) 2 3t M -k
(porewater) & # & I 3 ki 5 4+ 2 5 & »%&

&
5] Tt 5

@iz (TIE) fad £ WIEiFF & 1
- B AR A RS (6] 0 (R A A ikt
SAH S LEY LR E S 2 P
fodn B 2o 470 0 EET_ L KR R SR E FE o
AT IR BN ﬁ-@%/ﬁmy—&#ﬂ’?'fr‘,%}im )
AR REFIASFFTERRfL 2 Fop o 2 -
FEIL R KR & fehs E o AR TIE = 2 ¢
Al AR P AE LRSS s
TR TR FH AR kL APl G
P TIEAZA = % B~ de £ 4 i< {14 3

B R b R o s 55 R TIE

CAER &

il

I

PCHok@EE S L T i%fﬁﬁf L ME
[7-9]
A AR Hyalella azteca i » 2 17 RSk

ﬁf’;'ﬁé PR R I B R RIELRL BT 10 X
> &k (whole sediment)® 48hr 3% [4 -k (porewater)

E4PRR PRETERKREIGEAF B
SR FEAR o

=~ P
AR RS OE R

Ké}\? /-r— /n =

,iagiﬁt;%ﬁﬁﬁlsﬁﬁﬂ%J%ﬁ%% Era
3}%%4& B#&4Cm/ﬁ%§1'3‘1?’rﬁdbfﬁ J\ﬁ: J

7% 3-20C » 2 l;.—;g.sﬁ‘iﬁﬁ'ﬁk%}l it ?}A’\‘H‘ i
FEREEE AeB 1 o7 e

A FBRBEGREE 78 %
azteca %% % (T3 gk ok
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;F2RAE 10
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3
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K 48h 2. & MRSk o IR KiEALY F
§F HTRERIpH & o Ao 4nF HiRsk (s
?L BREF  LEHSFEFRES BELGT
e
i@ﬁTmﬂ’ﬁi@ﬁ@ﬂﬁéﬁ&m
FAFE e P FEEH, 7k, 7R, 2
BEAAT)RIE o £ kRS ko B AT L B
for T Aulr 0 G ER B F 4R
i’%ﬁwiﬁ”$$4#W’iﬁ%ﬁéﬁ
FbHokeR R S EERABCEIIH
ko At B 4°C o dV MUk TIE & % = %A
12 RP18 #4p 3 B~(Solid—Phase Extraction » SPE)
F}L‘ﬁ-?hfﬁnﬁ_“ﬁ W oo U MHEZ o L E
i A e e A > R R R OREER PA( A AL
ImL/min e7:# & & {73%) > @ FILH-KY 95 4
jf”’;?ﬁt‘:l’l‘]",\r‘] ’E“’ » 2 fsv”lf-%—-r-/} "Ef”4fjf”
B /,] 7 4e EDTA ¥ 33 ‘ﬁ:‘?f £ g3 R
2+%u1w4%‘?m'wmwwwﬁmﬁ
o SR T B B F(PM)
AR A 'ma‘#d'—]éz Mo g (g
FREM TN PPREPTOTRIBE CET AR
®EfeopH E °

B 1 - i=%n

B R B
T~ 5838
IRy E Y
AN A R P ARz KB R
15 B A&k ek o teRIRF pH B~ 35 iz £

(TOC) ~ 7 -k 5 (%) ~ #is 47 ~ & & (4 ~ 44
V= \gg,g_;ﬁdv),v‘za 16 ,fé Iﬁ*é,_
( Fluoranthene -~ Fluorene -~ Anthracene -

Dibenzo(a,h)anthracene ~ Indeno(1,2,3-cd)pyrene ~
Naphthalene - Phenanthrene ~ Pyrene ~ Acenaphthene -
Acenaphthylene - Chrysene ~ Benzo(a)anthracene ~
Benzo(a)pyrene -~  Benzo(b)fluoranthene -
Benzo(g,h,i)perylene 2 Benzo(k)fluoranthene ) %i*

Lt - imiEZ R AAZ RERA A AP BT
SRR R B S SR N A2 BRI kL
pH & % 7.0£0.7 5 373 8 7 £ /1% 0.91~1.62%
ZUR > 2 ERGE SYS FEiREE2. 1.62% 5 BB 0 =
ER4 g2 0.91% 5 B 1< 5 7R F Bdp kg
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— %
l__,_,‘_

-192 -



BRRERG

104FETE R TSR ELES B ARAEISHRER E5E¢ S
F1RE.SY4 2 SYS2 7R #B 5 7T5~80% w0 (s H azteca 2. 5 /& FEF A AT FRE G
Hap R A 5 U m (R R S A o 4 B :-(ER3~ER8 ~SYl 2 SY3) AJLw 5 £ 4

BMELR > Bl 4957 o
423 Kok F BEUTR
)F I EF 5% (Toxicant 100
Characterlzatlon Tests) e

£ IrbﬁMPJFﬁé » 15 BIVRCOk S M 3
azteca 2. T & & 4 %t 5~90% 12 =k ER10 2. 90% 3
SheE o b ERS 2 5% it HY 4 6 B :

o 5] Y 40% 0§43 H azteca 2o F 18 g g
BV REBFILE o R BERS 2 4 $ 4 ok 2
BB > 4ol 2 977 o (SR HEY 6 B
s FIVHok TIE » 3R ¥ 6 5lded Btz T
R Sampling Sites
W4 3¢ 1ok f8 505 4 EDTA 9 12 $3 2585 4 48

H.azteca 3 & % ~x'f§'3‘f‘%%
A LA G Rt ] LR (p<005)
AAHNAILH S AR AL N r‘*ii (p<0.05)-

b

GIHOKTIE # » 1% AAp X5 7 6 B
i&-&iﬂ 45 F 3 'Zfa P& BT 0 H azteca
253 EETHS 5 30~90% > sk ER2 2 90%
3B > = ER3 2 ER8 2. 30% 5 B 14 ; iB {7 5L
AR ER2 2 SY3 A RJIEW 6 R G HF AL

H. azteca survival(%)

& LI LI I R, W s NI A S A A B, i)
FEIFFTFSEFIS L LT

8 R @ Hazteca N3 EF"BF/RS > 4oB 547
Sampling Sites T o
Bl 2 = =ik & p| s &% Hazteca #7575 ¥
LﬂWkTEﬂ’6%ﬂ%%ﬁTﬁ%%% ) b =
H. azteca 2. 5 % 5 ¥ &% 50~85% » ™ &zt ER2 ] L

85% % B8 » =k ER3 2. 50% 5 & % ; é‘cff":‘/,]‘
deid pow {8 Hoazteca 2. % % 0 Tt o7 H
® 74 4 B4#::(ER2~ ERS - SY1 2 SY3)& 4 #F
F¥EP 4B 34T e

H. azteca survival (%)

100

b b B Un-amended
90 0 Zeolite-amended F & & & & &
;\: 801 Sampling Sites
= 704
Bl S M k& AApEPm 2 {3 Bk
Z 50 Hazteca 525238 % %
§Y R AR RR SR *F#E“""éﬁ%“l“*iﬁ- (p <0.05)
; 30 1 PR THPTASI R B AL FMEFEFRLE (p<0.05)-
20
10 o - Agr o .
N ()% I EF & AEA (Toxicity
LR . S Identification Procedures)
Sampling Sites %: II Pyb-ﬁ;»/?'J;é‘ LA { K g’—"ifé S }%S/f" '%‘ V’L 2
Bl 3 34 BR AR S e A 1 §4 e AR HH A4 BEF EFELE 2 RE
H.azteca 5% 52 B 8% % 2 E o d e ; 3 b4
CEm AR AR E e lagpt L é?%’l“*i?— (p<0.05) h ’j %%’}E%/EJ f‘ P2k ER2~ER8~SY1 2 SY3
DA F AL 5 RS D L P (p<0.05) 2% ¥ R A~ %5 2.15mg/L~2.24mg/L.~2.36mg/L

b1 NV 3 LEB o 4
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