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An integrated bioremediation technology for sediments contaminated
by heavy metals
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Abstract

Most of sediment dredged from contaminated
rivers or lakes often contain substantial amount of
heavy metals and thus can not be disposed of on the
land and in the water body without any treatment.
To date, there are relative few researches for
detoxification and decontamination processes of
heavy metals in aquatic sediments in Taiwan. In
future, it is important to develop the techniques for
treatment of the large quantity of dredged sediments
in the remediation of contaminated rivers or lakes.
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The purpose of this study is to develop an integrated
bioremediation technology  for sediments
contaminated by heavy metals. A bioleaching
process employing sulfur-oxidizing bacteria for
remediation of metal-contaminated sediments was
first studied. Meanwhile, the zero-valent iron (ZVI)
was also applied for treatment of the
metal-containing solution produced from the
bioleaching process. The results showed that the
rates of pH reduction and metal solubilization
obtained from the bioleaching experiments increased
with decreasing sediment solids content and
increasing sulfur concentration added. After 16
days of reaction time, the final efficiencies of Cu, Zn
and Ni leached from sediments in this bioleaching
process were all greater than 50% when the
sediment solids content did not exceed 8%. The
results of response surface methodology indicated
that the maximum efficiency of metal removal was
achieved at 2.5-4.5 g/l of ZVI dosage with 20-50
mg/l of initial metal concentration, where up to
100%, 80%, 40% and 98% of Cu, Zn, Ni and Cr
were removed from the waste solution.

Keywords: Sediment; Heavy Metal; Bioleaching;
Zero-Valent Iron
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Abstract

Many site investigations have found that
DNAPL is able to penetrate the low permeable layer
such as clay or silt-caly layer in subsurface
environment. The cumulated DNAPL within the
low permeable Layer will gradually diffuse to the
high permeable layer to affect he accuracy of
investigation and remedial design. As to the deeper
zone affected by the penetration of DNAPL, the
conventional sampling design investigating only the
first unconfined aquifer is no longer suitable for
DNAPL investigation. Precisely define the boundary
and the distribution of high and low permeable layer
is the key to conduct a successful DNAPL
investigation. “Point” information derived from
the conventional bore-hole sampling is difficult to be
used for locating the DNAPL pollution due to the
uncertainty of DNAPL migration and the
soluble-phase distribution of the DNAPL partitioned
into ground water between the low and high
permeable layer. Recently, non-invaded
technologies such as geophysical technology have
been introduced to provide the “plane and space”
information of pollution in subsurface by integrating
few bore-hole dates. The most common used
geophysical technologies are ground-penetrating
radar method (GPR) and electrical resistivity
tomography (ERT). Both methods have their
limitations on the pollution investigation when there
are interferences exist such as building structure or
heavy pavement. A new geophysical technology,
geophysical well logging has been developed to
overcome above limitations. The information of
multi-wells logging could be used to interpret the
permeability of subsurface, the dominate flow path
and the hot-spot for evaluating the distribution of
pollution and the efficiency of remediation in
different time sequences. This study would first



discuss how DNAPL and its soluble-phase
components invade into the low permeable layer
based on the field observation. Then, the importance

of geophysical technology is introduced with
comparing to the limitations of bore-hole
investigation. Last, the case studies on using

geophysical technologies including geophysical well
logging are introduced to snapshot the complex
profile of DNAPL distribution for improving future
application.

Keywords: Electrical Resistivity Tomography
(ERT) ~ Ground Penetrating Radar (GPR) ~
Horizontal Loop Electromagnetic Method
(HLEM) ~ Sediment
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Abstract

River sediments play an imperative role in
ecosystems, such as self-cleaning capacity,
planktonic habitat, and benthic organismal habitat.
Once contaminated, the contaminant may enter
human body or other organisms through food chains
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resulting adverse effects on human health and
ecosystems. Taking Er-Ren River as an example, the
major pollution source is the upstream pig farm
discharges. This area was famous for its metal
recovery using open burning, electroplating, acid
wash, and waste oil discharge. Particulate matters
deposition and acidic drainage from metal recovery
caused severe contamination of this river. Among all
contaminants, dioxins, polychlorinated biphenyls
(PCBs), polynuclear aromatic hydrocarbons (PAHS),
and heavy metals received most attentions. Most of
them are either near to or above the regulated
standards. However, a cost-effective remediation
technology does not exist for this intermixed
contamination. Here, we study a new remediation
technology by integrating biological and
physicochemical processes with novel nanomaterials.
The first year project already showed positive result
and a highly cost-effective solution seems to be
feasible. Due to the evident Aroclor 1254 pattern
shown on the gas chromatograph of PCBs in
sediment from Er-Ren River, this year we focused
on the remediation of sediment contaminated by
naphthalene, Aroclor 1254,. Arsenic, chromium, and
copper. By conducting four different experiments in
parallel, i.e. natural recovery (NR), biostimulation

(BS), physicochemical adsorption (PA), and
integrated remediation (IR), the results The
integrated  remediation ~ will  combine  the
nanoemulsion  and magnetite  nanoparticle

approaches. This project has shown that within 150
days, all tested combinations can achieve higher
than 97% removal of naphthalene. The best removal
of Aroclor 1254 at day 189 is as high as 76.4%. For
heavy metals, the highest removal percentages of As,



Cr, and Cu are 14.53%, 5.17%, and 8.38%. Lead can
also be removed up to 13.06%. Overall,
biostimulation is better than any other test
technologies in this project..

Keywords: Sediment remediation, pilot study,
Er-Ren River, pilot study, PCBs, heavy metals
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Abstract

Quality control system of the regeneration of
contaminated soil not only implements the
implementation of the remediation of contaminated
soil practically, but also controls the management of
pollutant flow effectively. Integral contaminated soil
management system would ensure the safety of

22

reuse of contaminated soil environment. Therefore
this project is working to collect and compare
physical and chemical properties of comtaminated
soil. The methods of reuse and management system
of comtaminated soil and regeneration processing
technology are also collected.

Compare to foreign countries such as
Netherlands, the United States, Japan and the United
Kingdom, which have stipulated the standards for
management of reused contaminated soil. The
standards are according to the ingredients in the soil
and environmental pollution specification as a
benchmark classification and then the reuse
purposes are determined respectively. The main
categories of soil pollution in Taiwan include heavy
metals, organic pollutants and unknown waste. In
recent years, off-site treatment of contaminated soil
was adopted to achieve sustainable use of harmless.
However, the transport management and
contaminated soil re-usepatterns is still a lack of
clear and complete control system.

The contaminated soil reuse management
system of contaminated soil is to establish a quality
control system in the contaminated soil regeneration.
Government, professional environmental consultants,
professional testing laboratory, soil recycling
industry, civil engineering contractors in cooperation
with the relevant enterprises construct sound
pollution reuse organizational structure of the
implementation of the management system, as a
monitoring and upgrade their technology consulting
team. The implementation and promotion of
contaminated soil recycling technology development
is the primary work. By the team experience
exchanges and cooperation between the division of
labor, the contaminated soil reuse management
could be established. Planning for appropriate
cost-benefit analysis assessment and implementation
of policies and regulations of the competent
authority combined with the Ministry of
Transportation, Construction and Planning Agency,
and other re-use of the formulation and
implementation of policies and regulations of the


http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=k.3ATi/search?q=aue=%22Cheng-Yu%20Huang%22.&searchmode=basic

competent authority is necessary. Perform the audit
on a regular basis by a third-party certification
bodies by dedicated testers regular checks to ensure
product quality, will be able to reduce the use of
natural resources and the promotion of renewable
resources and sustainable utilization.

Keywords: contaminated soil; contaminated soil
reuse management system; continuous column
leaching test
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Abstract

In this project, we have collected 100 samples
including 85 groundwaters and 15 surface waters from
Toufen Industrial Technology Area in different seasons.
These 100 samples have been conducted the
measurements of H, O and C stable isotopes, elemental
concentrations (Na, Ca, Mg, K, Fe, Mn, Al, Ba, Sr, Li, Cu,
Zn, Ni, Ga, Ti), chlorinated hydrocarbon including
dichloroethane and vinyl chloride, as well as many
chemical parameters such as pH, conductivity, DO,
hardness, TDS, Chlorinity, ammonia nitrogen and nitrate
nitrogen etc. Throughout the study, we have obtained the
following conclusions: (1) We built up the local meteoric
water line (LMWL) from 8D and 8?0, and found that the
groundwater supply of the studying area was mainly from
rainfall. (2) Some sites with heavy 50 values and apart
from the LMWL reflect contamination of chlorinated
hydrocarbon. (3) The concentrations of Ca+Na strongly
correlate with conductivity, TDS and Chlorinity. The Ca
variations reflect hardness and strongly correlate with Mg,
Sr, K, Ba. High Ca content is an indicator of high vinyl
chloride. The chemical compositions of surface water are
different from that of the groundwater, which is affected
by contaminated water. (4) The negative relationship
between dissolved carbon and its 5"°C value implies that
chlorinated hydrocarbon occurred degradation in the
groundwater. (5) For this study, the major parameters for
Multiple -evidence of isotopic and geochemical approach
(MEIGA) are conductivity, Chlorinity, TOC, 8D, §'0,
DIC 8"C, concentrations of Na, Ca, Mg, Sr, K, Ba and
vinyl chloride. (6) Based on our study, we have found two
contaminated sources: one is located at Well site of
K00161, so called “The big dent” and the other is on the



southwestern edge of Tai Lu Toufen factory around Well
sites KO0111 and K00177. The distribution of multiple
geochemical parameters suggests that the contaminated
chlorinated hydrocarbon migrates with groundwater from
the northeast toward the southwest.

Keywords: Groundwater contamination, isotopes,
geochemistry
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RRAE 1
"33 @2 (environmental forensics) | Z_&
B AME PFMEERIE I F N e
LEKG > POLEEHFTLP RRE PRI R
B 2R ERE G LS WE_e
S 745 (lead,Pb) - EAARG A B4R B2 1 &
BT - o BEZRE AN 2 {s e K bR
B R EARRN R 2L oI RR D
4.3 4 BFE TR =% (stable lead isotopes) :
206ppy | 07ppy | 208ppy gs Wéppy , H SRR B L
ul ik 1.4% ~ 24.1% ~ 22.1% ~ 52.4% - & T4
AT LR GLERE S £ H L
EPHSLR (4o £HF S oW ) 2 Ao
AFTER BB EER 2 AT R
B AT AR R R B SRR
Pixd HAcE TR BB TR F Bk
Aol AT o HERES TP P e s
FUTEr 820 92 mASTe ~ 95 mAST e ~ 98 E 4L
P 2 AR o S RE R s e TR HR
(MC-ICP-MS) &7 B ## & 2 54k =% A
55 58 % 208pp/207py | 208ppy 206py, | 207ppy 206pp | 206ppy
PPh® A SR T RS i
& TR & (ICP-SF-MS) it il 2 - 3 %
SRR 52 4k R 5 10nggt E 45ng gt
R e U A B BT R A B E
N A B 2®Pb/Ph ~ PPb/%Ph A
G5 24269087100 & £ A0 FH F 24 F 2R
Ve e 2.4270 ~ 0.8720 & 5 Ap 02 0 BEoT A At

AR A RRE B SR

Lt

“~

Mt A TBAF tF T8 R E

Abstract

“Environmental forensics” is defined as the
systematic and scientific evaluation of physical,
chemical and historical information for the purpose
of developing defensible scientific and legal
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conclusions regarding the source or age of a
contaminant release into the environment. Leaded
gasoline had been regarded as one of the major
source of human lead exposure. Nowadays, the
health impact from unleaded gasoline is still unclear.
Lead (Pb) has four stable isotopes: **Pb (1.4 %),
206ph (24.1 %), 2 ’Pb (22.1 %), and “®Pb (52.4 %).
Pb isotopic signatures have been demonstrated to be
a robust proxy for distinguishing different sources of
local and global lead pollutions.

Techniques of high-precision gasoline Pb
isotopic ~ determinations by  multi-collector
inductively coupled plasma mass spectrometry
(MC-ICP-MS) were developed. The characteristics
of stable lead isotope ratios, including 2°Pb/*°’Pb,
298pp/%ph, 2°"Pp/*®Ph, and **°Pb/***Pb, of different
brands and environmental material were measured.
Samples included a set of 92 unleaded gasoline, 95
unleaded gasoline, 98 unleaded gasoline, and diesel
fuel, from the Chinese Petroleum Corporation and
Formosa Plastics Corporation. Pb concentration was
determined on an inductively coupled plasma sector
field mass spectrometer (ICP-SF-MS). Gasoline Pb
contents ranges from 10 ng g™ to 45 ng g™*. There is
a significant difference of Pb isotope ratios in the
gas products between the two brands. The estimated
Pb isotope ratios from local vehicle exhaust are
28pp/"Ph = 2.4269 and *’Pb/*®Pb = 0.8710. The
ratios are respectively close to the values of 2.4270
and 0.8720 in aerosol samples collected in Taipei
area. This agreement suggests that aerosol Pb in
Taipei area mainly results from local gasoline
combustion.

Keywords: Stable Lead
Environmental Forensics

Isotopes; Gasoline;
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Abstract
The reliability of soil transport model

calculations depends on the accuracy with which
relevant processes for contaminant transport are
implemented in fale transport model. Besides an
appropriate model choice, the parameterization of
the model also plays an important role. Dispersion
coefficients are important parameters for soil fate
and transport model. Field infiltration test with a
tracer is a proposed technology for simultaneous
determination of longitudinal and transverse
dispersion coefficients in soil. In this study the
in-situ infiltration test with a tracer was performed to
verify its applicability. Experience obtained in this
test was used to refine the apparatus designs,
operational procedures and relevant details for the
test. Moreover, the mathematical model and
interpreting method for the infiltration tracer test
were investigated and improved.

Keywords : Infiltration Tracer Test; Dispersion
Coefficient; Mathematical Model
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Abstract

Hydraulic conductivity of an aquifer plays a
very important role in  monitoring, site
characterization and remediation of groundwater
pollution. Hydraulic testing can be used to obtain an
equivalent hydraulic conductivity of the whole
aquifer. However, an aquifer is often heterogeneous
and groundwater flow often concentrates in few
highly permeable sections. It is desirable to delineate
the preferential flow or the distribution of hydraulic
conductivity.  Recently  developed heat-pulse
flowmeter provides a promising technique for
continuously characterizing the vertical distribution
of hydraulic conductivity in a borehole. The
objective of this project is to develop and improve
heat-pulse flowmeter measurement techniques for
investigating the variation of hydraulic conductivity
with depth in an aquifer. A carefully designed water
circulation system was established in the laboratory
to evaluate the accuracy and precision of flow
velocity measured by heat-pulse flowmeter in
various conditions. We found a linear relationship
between the measured velocity and the averaged
velocity for the laminar flow. The measurement error
increases as the averaged flow velocity decreases
due to free convection. A calibration formula was
developed based on the laboratory test data. Field
test results at two sites indicated that heat-pulse
flowmeter measurement can detect the locations of
preferential groundwater flow in gravel aquifers. By
integrating the results of hydraulic test, the vertical
distribution of hydraulic conductivity in a borehole
can be delineated. The result of this research is
expected to provide an emerging technology which
can significantly improve the quality and efficiency
of site investigation and remediation of groundwater
pollution.

Keywords: groundwater, heat-pulse flowmeter,
hydraulic conductivity
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Abstract

Establishment the Chemical Fingerprint and
Biomarker database of refining diesel and petrol
station of Chinese Petroleum Corporation (CPC) and
Formosa  Petroleum (FPCC) will enhance
identification reliability accuracy with great benefits
for the future oil leakage pollution source. In this
study the diesel is used for testing and the oil source
from two oil companies’ refining diesel and their gas
stations. Refining diesel made from Hydrocarbon
Cracking method and Distillation method, a total of
15 Refined Diesel products.

There have 13 gas stations oil products were
studied, covering Taiwan's northern, central, south
and east. The analysis results of refining diesel fuel
show that cracking refining of diesel petroleum
hydrocarbons contained in the restructuring process
lost the original fingerprint of the refining of crude
oil and the characteristics of biological indicators,
and resulting the similar fingerprint and biological
indicators of characteristics in the refining diesel.
Distillation refining diesel will change the
fingerprint of the refined products and Diagnostic
Ratio as follow different source of refining crude oil.

Characteristic factors of the refining of light
diesel oil ratio factor ratio can be predict from the
refined petroleum crude oil characteristics and the
proportion of the refining of crude oil. Distillation



refining will retain its crude oil fingerprint and
biomarker of characteristics; it indicates that
distillation refining of crude oil, resulting in its
diesel fingerprint characteristic factor ratios differ.
Commercial diesel gas stations show that CPC’s
Super diesel hydrocarbons biological indicators have
two groups of distribution, the gas stations of the
CPC XZ, HC, ML, TX and so on gas stations in
northern Taiwan region have similar n-Cy7/Pr (1.66),
n-Cig/Ph (1.89), Pr/Ph ratio (1.41); the gas stations
of CPC BA, CF, CJ with the foregoing its value
n-Cy7/Pr to (3.86), n-Cys/Ph (2.44), Pr/Ph (0.80).

Total hydrocarbons and biological indicators
characteristic factor differences caused by the
different regions of the CPC oil supply refinery area,
suggesting that the new Taipei, Hsinchu, Miaoli City
and Taitung County gas station oil is supplied by the
Taoyuan Refinery; and Chiayi City, Tainan City and
Kaohsiung City is supplied by Kaohsiung Dalin or
Linyuan Refinery. It has similar results of
characteristics of biological indicators for the
different areas in the stations of FPCC XZ, ML,
CY, DT, DY, RL and so on six gas stations’ diesel
has similar n-C,-/Pr, and n-Cg/Ph Pr/Ph.

According to the results, the ratio of diesel oil
characteristics of Pr/Ph factor cannot be reasonable
forensic or identify between the CPC and FPCC
diesel, it must be rely on other information in order
to correctly determine the oil source. Employ the
characteristics of the Total lon Chromatography
factor ratio or Bicyclic Sequiterpanes factor ratio for
different regions of the gas station diesel sources
forensic, the contrast found n-C,;/Pr and n-Cis/Ph,
Pr/Ph and n-C.g/Ph, Pr/Ph and BS3/BS5 those three
group pairs ratio could divided CPC and FPCC’s
dieselS into three groups.

Considerations of Isoprenoids and Bicyclic
Sisteterpanes are less susceptible to the effects of
biological indicators of biodegradation, Pr/Ph and
BS3/BS5 characteristic factor ratios for the
weathered diesel leak proposal forensics as a source
of oil pollution. Diesel weathering experiments
showed that in the current simulation time scale
factor ratio of about five months of the
characteristics of these biomarkers is not easy with
the wind of change over time, a preliminary
description of these parameters on the biological
indicators characteristic factor ratios can be applied
at different gas stations diesel sources forensic.

Keywords: Diesel, Biomarker, Diagnostic Ratios,
Bicyclic Sequiterpanes
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The study on characteristic spectrums of domestic petroleum products
through laser-induced fluorescence system and their influence by
weather effects
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Abstract

Traditional investigation procedures are soil
gas sampling, soil sampling, groundwater sampling,
establishment of monitoring wells, and groundwater
monitoring. Sampling positions and number of
samples should be arranged in advance, and analysis
result often takes several weeks of waiting. Usually,
supplemental sampling and analysis are inevitable to
accomplish site investigation. For the improvement
of site assessment, LIF detection is designed for
free-phase petroleum pollutants that contain PAH
compounds possessing fluorescence characteristics.
LIF can be applied to trace petroleum leakages,
discover leakage transport, and identify leakage
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species based on their fluorescence characteristics.

This study is aimed at establishing LIF
fluorescence characteristic spectrum databank of
common fuels, and distinguishing LIF fluorescence
characteristic  spectrums among mixed fuels.
Petroleum leakages may be naturally degraded in
underground environment, and weather experiments
are employed to identify its influence on LIF
fluorescence  characteristic ~ spectrums.  LIF
application can provide another alternative of novel
real-time site investigation for various specific sites,
and present testing information for selecting site
remediation schemes.

Keywords: laser-induced fluorescence (LIF),
petroleum spectrum, weather effect
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Abstract

Due to the fact that aquifers are composed of

geological materials of different hydraulic
conductivities, the contaminant plums naturally
exhibits three-dimensional concentration

distributions, of which the investigation can be made
use of vertical concentration distributions in a
number of monitoring wells. The conventional
groundwater sampling techniques yield
vertically-averaged concentration that fails to
provide the necessary vertical variation as well as
underestimates the contamination, thereby creating
practical concerns and legal liability. This project
aims to develop the double-packer multilevel
groundwater sampling technique used in monitoring
wells. The work includes the establishment of the
purge method and the sampling procedure, the
evaluation of the influence of the sampling length (ls)
on the sampling results, and to verify the sampling
results by comparison to the results obtained by the
direct-push sampling method. Influence of the
movement of the double-packer system on well
water is investigated using the micropurge sampling
method, of which the applicability to multilevel
sampling is evaluated. The double-packer technique
deals with open-well sampling, while the
micropurge technique is for closed-well sampling.
The direct-push technique, however, directly takes
groundwater samples from the aquifer without using
monitoring wells; an out-well method. In a LNAPL
site, 36 times double-packer (Is=1.0, 0.7, 0.4 and 0.2
m), 25 times micropurge, and 10 times direct-push
methods were implemented to gather water samples
in four wells. It is discovered that (1) The purging
and sampling procedures developed for the
doublele-packer system does not create significant
mixing of well water at different dpths, and are
suitable for multilevel sampling in monitoring wells.
(2)The shorter the Is the less the vertical mixing and
the more representation of the vertical variation, and
it is recommended that 1s=0.2 m be used for a better
resolution of the concentration profile. (3) The
vertical concentration profiles of the double-packer



and the direct-push methods are in similarity,
indicating the double-packer method to be available
for multilevel sampling. The concentration values
obtained by these two methods are unnecessarily to
be the same. Rather, the double-packer method
yields higher concentration values under higher
permeable conditions, while lower concentration

under lower permeable conditions. (5)As an
open-well sampling technique, the micropurge
multilevel sampling method cannot avoid the

vertical mixing, and the results obtained do not
reflect the vertical variation. It is not recommended
to use the micropurge technique to handle the
multilevel sampling.

Keywords: Double-Packer Multilevel
Groundwater Sampling, Vertical Concentration
Distributions, Site Investigation

Z ~Hd B P

g A T B S W IR s s S

oo Rl S P @ K
KO o e ot K A o8 kb

Boo - HFRT o K BT ] B
frrlsep e K < 3wk K B s e e K iE <
A K A AT R (] 0002mm) K
E2F ] (<10° emis) 0 G R AFenp kR o § ok
B K oz Bt Kxyz) #: B FiE
(heterogeneity) o 7 -k & B TR T RIS
tfeia B¢ Z R PR BEAT o« T E L H
(plume);k B ¥ 2k T = it » @ £ = (kT
frdB)at o ZmFAME » Y g a P
AARRIMEE R o FE TRERIF R
FEEEE A RFERT DRATES TR

Boav P T ok E R 2 (NIEA W103.54B)
DA A FE BT E R HE e (well
vqume approaoh)ﬂfrmmi‘ (micro purge) # 1tk © &

SRR EE N R T R
AR EE L EAAR B LR P EREE(CR
KT )R T A i K IRAL T R W
TLFRT PRATEE TR g5 2E Tk
(vertically averaging effect) s 4 » W €3 T
PRRREFPIFERR B REFAFER
REZIFE IR EEELR -

3 mrfi%ﬂi" R EREE Y R FUFR
APk FErg Y P LT T zft%(vertlcally
averaging effect)srzf 2 o -8 T3 A 4p+ ¢
P RR 2 R FA L F R (doik E 4R ) A p &

@4‘1@"/’34‘7”/ ER % o d iR TR A
HPRLES A RIFERDSLAPFERS BRERL
A EE TIER 2D TIERE ‘“%"»‘lg
F2 0B AR FREEARARE TP B
ER o HELE TIER S AR BT BR

61

MG A AARR o » TORERBLHALARL Bk
RFfa K3 4%%]%‘7?3_5; o ZEIE T M E R E
oA R i R R A L
b ] %\é?ﬁ,ré}mi%—ij_ﬁ”%;l °
AT ST gy
ELIPES 'ﬂ;}ﬁ’fr’éa AL i” °

AP H P I BB EHE FIERE T OE
Ry ¢ gE %%i‘fb%’frm— 3 s FRG B
BREREAR()HFEHRSEFE S &7 » JIFER
BTk EE SRS l"*ﬁoﬁe‘}v o i * gk P IR

A

CEDLEHE R PBEHE LTSS L
‘Eifﬁ‘—"’ o R SRR 2R FTR o

BitE SFRE T Jii}a‘é#%‘i:}iﬂf?"l pez Ay
/?J BB R EE AT 2R TR
Bl Rk fer o mas e

S SIRRERS
B3R SFRREE DY v BEHE L (F
DT IFFETAEIFR & § 5 gk g
T HE FACEHE A PR o3
BAG S RERPEEL BT RE PR
Bopd ey o I LB R
A1 BB REHA ok o nls o i ok
# & 200ml> % Rl &~k B %8 (EC~pH -
DO - ORP) o # it i & Bl = =% -k S dcid 748
2 (EC:+3%> pH:£0.2>DO:+10 %> ORP+20 mV)
B TR IR EIER N AR o
SIRBREE AR BT ORERERS 2
(NIEAW103.54B) = 57t iz ¥+ p F brf;i
bk 4% 4 2 0 $ NIEA W103.54B 1 ¥ i &
TG MR JIEREFRBMT TS 2
o Mg RSP RAR(R )T RIFEIHLF
A 0 12 0.1~0.5L/min e ] 5k 3 ok 7R 2 e
B MR R RS T e A
E U8 G E - BRI SR Sl T
#€ 2 (EC:£3% > pH:+0.2 » DO:£10 95 » ORP+20
mV) » BT TEEZEEFR K &K
L
ERFESFERER IET ~ 2R 3
BIAR TR B R R LY 27
Gamge § r TIHERLIFRE P RHE R
TEESHEO I BREREEERELY G
BT ORREAE oLt B A ANk IR L E*—",’g?ﬁx |
BTOR WEBERIFRE A AR Y ek
%% (EC-~pH~DO - ORP) - Iﬁz}ix i
®xE 2R PR CEREER
’%]Eg—x e P\?’ﬂk‘fﬁmﬁ 4‘4”'3}%%,1.:}'7"
FR o

1.

) B TR

o H
70 =

L.
2
ie

g
i)

52
e

LA ARk



4.1 % FH

B HRL Sk s TRE LS
SRR BLE R IR I oY JINE T TIPSR
aw%nwﬁwwﬁge¢ K e@#Emsgp 10°
m/s~10°m/s o & 28T R i 4 T B~ R e A B
HE KRB FiEELAEs Faf PER
AT RARM SRR ATIEE 2 & B T 2 E R
TR EH T Ha e Bl 4 T 0w T ERY
(N22M-13 ~ N22M-14 N22M-17 ~ N22M-18)
€% 2 RGERE RRFI6X 7 FIERSEHE
B2 SR 2 10t B »EH T
kR

-ﬂ\y 1}_{:

~

42 FEHE A BY DR IEH 2 KRS P

*%HN%Ml%HTg&ﬁwa(mm%ﬁ%
SR 5 RAS TR BRDIG it 1k
eI H—,—]E};}%ﬁ;m%% o R I e gk
”H*%"'TH 175 4‘1}5}%&'?—-;3&#5@*5“% %—_—E“Z
HREHECRBEP I THEIRESP
%F-m— PAAPERLERE A FEERRTG
2R TR R -

X o

A3 B REHHEEROEE

A w5 Rl E N22M-13 4 N22M-18 i@ * w &
7 FeipliRE & B (Is =1.0, 0.5, 0.4, 0.2 m):& {7 g4+
EHETEAFLER > AoB 67 977 o FIRN
BEls=02m T FER BB B L I=1.0m #7118 &
BHaMHE I M REBERE D A& [s=1.0m 2
EERGERLZEF A FRFERREL RARL
HERARM g ToRd-3 R E 0 p BT AR o

A4 BEHE BEE 2 BRT B2 SR
FHEREE O RAER

%2 N22M-14 v N22M-17 &7 2 P?"J;?
BRAOEHEHFE S Mo B2 2 &E 2
KR TE S jfl"f"/k)ié‘% 4B 8~9 o o “—",“
R AKEEEL M E(K K R)ABRY 248
BRI DELAFEREL D EHR N ED>
%if% >/I-I/’D— ° m I’g /7¢<.’z fﬁ’t—~"‘; é](r'g K TFF)/”\

B = AR AT EnE LSRR B S LK

Ry Tk

EESEHESERFLNE S EFLREAS
?’;‘;K;ij é//%‘f %575'35.39 —ﬁ;*—r‘;#&ggﬁ

O el AN S A il L U S S € T
m\ﬁm.fﬁ’&ﬁﬁmm%Tkgﬁ‘ﬂ
g sl g T iadE z-;:},{%%%*" o 7ok ehik R
SN LI %",}f;_,‘—}}é] P\%F/kmj\’&{
_,ﬁiﬁffzkéwlﬂk*bﬁmff SRR
i%frakéwﬂtwbn BHKERE -5 &
ForEE RS FRPE BT BHEE
CEN A a#z%mamﬁihﬁ%A%

T TFR o AT A AR 2975 20k

/

-3

62

§E1§*£W%°
1‘7‘5(/745 ,#}i%ﬁ‘f%""*’%fi,};&?}- A\ﬁ%
o B AR SRR ToRERERE R P M L
1&’j£ﬁﬁﬁ?%%$§&ﬁﬁ%@ﬁ%&
23 A FARRA - R AR RTFL MRS FER
FHRPBEL A RE o B2 EFLY P LI T
& 7»55}1»9:5:?1# RALFERLE %"l'*od
WGk SRR BEG MBS AR R
EIR B o
B3 E S FRBHREIRT » 2 FFAER
3%1”/’5 4‘/&&1;__‘%'” ’ —,‘E!/k)ii’__’é’\#i\
%l(‘"ﬁ]"i(’f?;}f':‘/%}i'ﬂ] }_#BPEL J" é//,%
AR B E SRR HE HE I
FEAHEREL P2 RHEBFER > MLE T

ju

b

il VOEEFUFRZ ALk F Rk
BEE i § LA&® 8 T4 o

HEFRFRT EFFUFRL S LR
FREPEAERLD R0 TR E T ORI
1 iFiEk R Y B3R SRAEE S FREA o

~ B B E R

A ERTEE 2 heEk
AT B I E FIRR Y 2
TR FIRR B
H B B RTE B TR o
FHE P FRABERTENERALI AT EE
J}’q—; rNEAMESOF A ER LR A}‘##F’@"
ROBFEHEHIHEE 273 r P54
/%)ii" é&“'L °

RFHAES BRERGZAAEHE Y P
FFAHBEBHE LG L2 BT BT B E
%LﬁWLTﬁ%%ﬁwﬁw&m“ﬁﬁi
POERLERE S A ARG E P RTE
FERERER -

B EHFF AR EER g4 7@ T
KiRz2 LB R E TR FE A HF L ERAR
o b ERARTBE RIS T kLT R
'f"/%%& J %/\%”%/‘5 —}1[‘4"”/%%))}:) mi@é’u 'i'pﬁ
AAERXA R EEFBRITRDETLAFER LR
o ER R e ek & (1s=0.2m) o
EHESEREERE N 2 A
TR IFRAEREE N2 A Y YR
HMELELp EHRRFLFIEFT IR
FRPE AP IRERURR - AR E
R EENE AP ERET SRR
= iﬁ?'?"i%ﬁﬁ%?’ﬁéﬁﬁ%%ﬁéiii’i%
ok R BREA LR RSN BHE
FIFRBHREREA L&Y S iﬂ’?)ii%‘?é’f{
ERE S RMFEBER R wﬁ ﬁ’

P TR 20T - TR
SEEEZETRET & wkw

Iy

AR
v ER ’f’}’ TIFR

A

o1
=

<7
g =

A~

ke
25

A3



bl 4-‘*”'1%& {
KR

ﬂﬂ* TG ERE(TF A 2&%&1'%{"
BIE )i %‘i‘]‘% EREE R e il s
%ibTLﬁ#;ﬁﬁﬁiﬁﬁ F1% R i
(in-situ)is 2 BEinK3 2 BR 24P M5 3 B ip =
Lo B T M FIFRASFBRAT A LEA A
Emfﬁiﬁiﬁmo

ek 2 5 /#Ei%k’fi""rl—* gk R od
B3z FRAERfTFIRET ~
AEE A R LE AHF Hi
m—&ﬁ%i“&ﬁ’mzﬁiﬂm%gig
o AR RPN FASERLE ¥
itod ’352*5(;‘361* PIEREKG METAMER
B FAAERRE o

S ET AR

2 @

- IRk

A E @ Ry e TR
R AR TRAD M R o *‘%i
BFEHERIEA L0302 s & ]
PEEALMERE TR
BT E

PN EFEAE D

% K ‘#fi/’biﬂ S
M T AR AR
R R AR

o

B4 A e R

e L.
Y

¥

T HELRF

T AR¥

B SNNNA\ S—

i EHE

3
PNy

HRERE ()

I=~_‘/ N;—::‘:;;

ERY =27 3 FRI AR RS L HEE
S0 4d PVCHEREFLIH G
R

b .
hkud

A KRR
(MP10)

B2tk B TR R ¢ 7

i o g g R

FRARFTAE

63

B3 -E4&7 »2R* NWREZ KA

B s H AR Y

N
T N22M-19
N22M-G N22M-0§ N22N-12 N22M-16, i vz
NIALIa NZZMA-IS
N22M-03 — o
4 N22M-07A N22M-Lla
N2IN-08 : N22M-14
N22M-064 N2IM-104 ry A N22M-17
N22M-O) N22M-03 N22M-09%,
ES pas q . EY =z S
B4~k Fnd 5B 23 FREFFFRAFEHRe ¢

# (N22M-13 ~ N22M-14 ~ N22M-18 2 N22M-17)i= % >

M d F AT B o

N22M-13. Z =4m

é/ﬁ’x
S N o :591—_1
E OePR
A TR
(mg/L) /$> - “i
#
1o
A
“ 1 I5=;).2m£ I;=('il.4m ‘3 Is=6.5m 4 I5=:|m 5

A AR —
ERIE N22M-13 B %R R R A (SAm) L 7 4
FHR BRI U - S R R
T e 2 BRI s AR AR T 4
* e mP R BT kR R
2ok gud L TREERG PPHERES

£ A
R R



W7

R (mg/L)

R Fra B) ¥ ¥5 &
() %55 %4 S ) TR RS
/@\\A\
7 A .
4 25 — A
IR ] AN
20 —
20—
3 S ] .
%‘JH— \A\ :(“
- N 15 —
" Ao 20T )
‘an— A T w o /'/»//,x\g
N o - o
\\\ c Gﬁf;,G,
Oeig----"""""7 G
o 5 —
’ T T Tt T 1 \
] 02 04 05 Bl o 02 04 05 1
1, (m) 1.(m)
09 - A e s 0
D) =FXi5%MH () £5 %49
% 25 —
20 20—
3 1 2 A
S 3
E 15— A/ ERE
;’fi - TToe-A L o
S| AR A " A
10 el 10— /
1 R i} :::6 ] A---opl
5 — 5 TA-L
] /97;"{-)’/9-7—.?"\;\;
i A 0
’ T 1 T \ 1 |
n 02 04 153 1 o 0z 04 0s 1
1, (m) 1, (ny

£i

+

N22M-13 %

]2 N22M-18 tE % Zc(=3.5m)i¢ * o fa 7 I lgi& 7 B3t R R R T E 8~ f805 L a2 S /18 kA

AR Zc(=AM) € * o R b I i 7 R 4R A TR
BFAFIE)°F (O F (D)7 F:(E)

30 —
|© zxsgm
25 —
20 —
16 —
10 —
kHE
1 4
i R - T S I
EAA R
’ T UL ]
0 02 04 05 1
1, (m)
30—
| (F) w35 dp
25—
0 —
5
Y
515—
o
"
10—
T ok ?/L#?i
) \:::-m—ﬂ 7777777777777 20}
i T T T
) 02 o4 0s 1
1, (m)

5 (F)ips

RN R

Fa#E AT )7 ¥ ¥ (D)= ¥ (BF  (Rp -

64

L v ar o s
T ) g | ®) FXFgH (C)Lzzﬂv‘%%
J 12 R
1 "7 1 / o
1 fooa 1 o oseAm e
08 — / \\ 08 = 7
1 ars A 1 7
a TR A 2
, 06— — .
. 2 = o] =
W OO = < A A -
o o Tl ® « 1 A
04— -0 o 0.4 — 32 ve \9/’///9
J 4 Ex 23 ] -
02 - 02— B TTe-e
] A HAH "
I —=«—ND vJJL—\ G””O*6*7*~f::::::::-@ de— nD
T 1 ] 1 T ! T T 1 1
] 0.2 04 05 1 o 0z 04 05 1 o 0.2 4 05 1
1, (m) 1, (m) 1, (m)
12— 12— .
JUOES &= 2 20 U ® Rk IR
1= =
1
08 - kIt . 08 —|
anﬁ— A"’“*A\ a 06 - :l(-ﬂﬁ—
g S z g
] B M R o
o 09— A ® o / o,
k T LT A T
0z G,,_kO/G\\\ . | HHH BRI vz ORIFA Ak #E
R O----0-0-__ A
) RGN hRE i 7 Scz==[rozioocoooooh
0002 4«— ND B | —«— ND RS} % e ND
T 1 1 T T ] T 1 |
0 02 04 05 1 0 02 04 08 1 0 02 04 08 1
1. (m) L, (m) 1, (m)



# 8

W9

(A) 75 S B)7 K5 54 (©)T %35 et
H N .
: v )
234 . |
A o+ - A 0+ = 234° A4
A o! - oA 1 a0 4
? r 9 2 .4 0 # 3
5 i g + 4 @ +3 & O +
* o %51 A& 0 x S-hs O
+ ® 4
1 [y 4 M ## %
(m) [+] (m) o A o m Ip
#s 45 0 ) o5
’ & i 7 A 0 + 1@ 3
@ - o s S & —
* @ o . & L & e
ND . ND ! » t
' I . ¥ L3 ®
Ll 0 03 04 s et 1 2 3 4 T oos s ow b 1 2 3
AR (mgll) AR (ml) A (mg/L)
(D)= P 373 deth ®) 575 ey (F) 55 et
2 2 1
3 v PO L J
3e 1 7
A0 1+ 2 T O "II 2 a o 1+
+ A Q -+ ‘A0 + oA 0 42
A0 " 20 +3 a o+
= J 3 54,0 %544 o
%5 A O 3 4
2 b 2B R Ja o--*s
(my !9 (m) ¢ & {m) a o
&° &5 . 45 o
7 & 3 T4 + - A fo} \
g o ¢ ) ]8O o
® @A * sl 8 \ ] b
ND * ] ND i
s [ . ] - ] £ . .
000 . " W L 1 2 ] 4 & 7 oo L] o e
AR (mgl) A (mg/l) A (mgl)

g RE N2M-17 38 7 7 i R hBEdtde 3+ T R PR (0) s i # 34 T R PR (A) 2 B 420 » 2 3 7 KPR

(H)E B 5 A F kR PES (AT (B)Y ¥ (02 ¥: (D)= " ¥ BF Pap -

(AR5 34h

(B)F 5 deih

(CYZ 5 4

284 Y 28 Y 28+ 9
3 = 3 - 3 =
& (o] [ o A o
0 + o- A " a + o ‘ A H
+ O . & +0O a0 OQ +
R gy o] a % sl % O & ghl A -Q
L4 L4 £ B + s} i 1 + (o'
(m) | o my | oA (m) o a
+ Qa4 + o a + Q@ a
7 o] & 7 Q a . ’ o A
¥ o] A * + O A — + o a "
. sasse1e
N QA '..,,_ . 0 A C . fa) A Ce—
’ » s
L] as 1 18 H 28 3 38 L] . [} 2 " £ L L 2 2 .
A (mg/l) AR (mgl) MR (mg/L)
D)= F K5 i (E) 505 i (F)aadn 5 i
2 2 2
284 Av. 284 v 28 57
3 = ] = s =
Y [e] & o o o
. A o+ ‘ . o * oty
a o + & ] + o'y +
# g% A (] A gl ‘ﬁ o % oghaa O
A + a 2 - 4 ] | a@
m o a {m) | O & m s
+ Qa + o a RO
¥ O A 7 [0} & T 0 —— *
+ © a * + o A | Ba O
e
. o A [ - L] o Fay 8 oA
. . . ® . » -l
s ” " » £ L] ' 2 3 4 d * 7 ° 01 02

A (mgl)

B ERY N2M-14 38 7 7 iR R P4 R ¥ T kB fR(0) ok

MR (mgl)

H e TORBR(A)E B OBEE N 2R T RBHR

SRR (mgll)

(P EE kR nE® (AT :B)" ¥:(C)e ¥: (D)= ® ¥ (E)% : (PR -

65



AR FEAIBRABAERLEF

HREERZ ALY FTHS AR

GEHRF
Screening and study of indigenous microorganisms from
2,4,6-trinitrotoluene (TNT) contaminated soil for bioremediation
application

i &+ ¥ (Chih-Ching Chien) f{* & 2 (Ssu-Ching Chen)

mzz & ° (Chien-Cheng Chen)

'AAFA 8 4 a1 427 7 97 (Graduate School of Biotechnology and Bioengineering, YZU)
2¢ 4 x4 &5 % (Department of Life Sciences, NCU)
3 ZefE g+ F 4 4 4k (Department of Biotechnology, NKNU)

"Email:ccchien@saturn.yzu.edu.tw

- &
AF 3

ZHATFATEIANAF YR L RL
Bz BIFE AFSRBYVUAT A
PEAL o o EVEUGER G R ERUE
PRI TR ¥ ORI prE 5 7 B e u ot

Find c22AAT T Y 0 E 1 AR
ERE L ERGL R TARRE L ALY ¥ S
*k%°‘h—ﬁé“»ﬁ4ﬁ EEE £

Kgfj’*#ﬂ'll AR R id AR S E ”"‘30
'ﬂ”‘ v Ae R F AR R S R TR B R TR
S R T R SURE R E R L -

=

AT o Fe - B AT FE5 LS
Hepd G RN KR B AR R
EE SIESEE: S AVAE A RUNN ¥ 3y S 3
2 h A TR EFRS s B R
TV AMZFF AERDLBFAT 2K &
(D @& * $PH AR T A (DGGE)E #& 4 7
PHBEAY wABFSFET T 252 I G B
RIFORGZF2AATFSA IR GES
AR AEFRAART T2 A BT
(3) & ¥HéFE 2 FPo TS R A E FRL 4

HEL S (8) AR FPE L BRFHROE L
RIS E AL S C iR S S R

MR AR T RA TR ARY DA AT FHRTE
WA R EE L A FRERZA AT Fa
4 o

Makin A AT ¥ RBR L F R KL S
i3

Abstract

Trinitrotoluene (TNT) is a secondary explosive
widely used both for military and civil purposes all
over the world. Residual TNT could be detected as
an environmental pollutant both in soil and
groundwater due to the release of TNT to the
environment from manufacturing or demilitarization
facilities and also after munitions firing/detonation
or leakage from explosive remnants of war. The
presence of TNT in the soil and groundwater has
been associated with adverse impacts on biological
activities and human communities.  Therefore,
Control and remediation of TNT-containing
products in soil and groundwater are critical issues
in environmental protection.

In this study, we evaluated microbial diversity
of a soil sample obtained from southern Taiwan
which was contaminated with high concentration of
TNT. Indigenous microorganisms which can
degrade/utilize TNT were also isolated and
characterized and their potential for using in
bioremediation of TNT also evaluated. The main
goals of this study include (1) Establish platform for
studying microbial diversity of TNT-contaminated
soil by culture independent techniques (i.e. 16S
rRNA gene analysis and DGGE); (2) Isolation of
TNT-degrading microorganisms from TNT
contaminated soil by enrichment culture techniques;
(3) Cultivation and identification of the isolated
strains and (4) Characterization of TNT-degrading
isolates and evaluate TNT degradation efficient by
these microorganisms.

Keywords: Trinitrotoluene, Environmental
biotechnology, Microbial biodegradation

66



Z ~dd P

= Eﬂ’gﬂ ¥ (Trinitrotoluene ; TNT) (B-)
PEHEEE AR ’fj‘«t\&% eI s £

2 F % (Secondary explosive) o %3F % g ¢ A

FUAPZH AT Fhs g o SR KRS HEVE

W B RE G EE  FHR U EPRITE TR

Ll n A Fadn T A B2 AAY

Foom g o Ry I HBEILE RS ggmngf X e

REFRIRBRER ZAAT FF5 4 kiR g
ZHATFELABRE > 4L ek Hig

- BT B TRk ERFLE G P o o
*Eﬁwgﬁﬁ‘@m?ﬁﬁﬁﬁ&%&ﬁmﬁ
T PG R @ P i E AR
RS P 1]

CH,4
0, N NO,
NO,
- ~=A A&7 F(ONT)H 54
B A ST A iR T B A R
RN hE B ch- Tk o $3 N EF LA T o p
7% % & (Natural attenuation) i & ;i §|#7 & R

I

ES P 0 [2,3] 0 RPN P A AREEY ’F,%“??J\ e
IS R ORIT L £ R AR DD A
Wik o LEBPEZRREF Y i a\ =X
2 o 4 F4p 7 42;¢ (Bioremediation) fiE 7B
ARESERT R AR EHRS R L s
[4] o 2 54 7 AN F * 02 25 A PR R
(Microbial biodegradation) £74& # 44 ¥
(Phytoremediation) % = ;2 [5-7] » & * ** TNT
AR b BRE Y DR el bR
f33 7% o % ﬁ{ré FOIRE RN N R 4
FEEEEF -‘Qﬁbia/u}ﬁiTNTﬁ’:jﬂ{('ﬂ‘:}%ﬁ
ihgg o b ! R TNT mmé B3 F
Fir H - AR <i"Bm[8] 7% wfgéf_
# Faps]ﬁa A2 7 R R E H?prﬂf%“ﬁ? TR R

ZTNT m,ﬁﬂi o & d ER RS -y
T ABEE S [9-11] 0 F A LB Y hA 2
M4 F (indigenous strains)#-2_:& 7 TNT /3 4 2
B e e 3 3 AR o

At E o INT 5480z 2 i Adk
B U TR B A e I%f‘“/»\—?i#:}iﬁr’
FRAHIFTARRY L PR FATEE
Bl T riE-HEEFEEEIAAT FHS AR

2 HEEBE > TNT A 53z my
$oofe k2 FREAT B R R @
AR TEREFTINT S T RE 4 n2
T

= HERGE

BLTNT i3 % 3 s 2 ficd 4 % 43

(1) @& * 2 3;pcd %% DNA 3 B~328 e
FavorprepTM Soil DNA lIsolation Mini Kit
(FAVORGEN® » Taiwan) B2 3
DNA -

(2) ™ PCR Hji3c+ # & #8:% 78 16S rRNA A 7
T 45 k2 fAAE o

() NI 16SIRNA A 7P HH H P g~ L R M
5 g (V3region 2 V6/VIregion) » 2= = i *
SR ST A (DGGE)E | TNT 4 3 i
2 A P o [12] -

B2=M AT ¥ fRFRL B ELR L

Q) AdpErd AT FiriHBAE- § R
2 At g iERE R RN A
2% (Nitrogen-free glucose-salt (NFG) medium)
(2-)>d TNTFZz 2379 agpd v iy
% TNT ZvE— § Rz ficd 4 o

- “NFGR %A

ddH,0 40 mL
Na,HPO, - 12H,0 (50mM) 2.5mL
KH,PO4 (100mM) 5mL
MgSQO, - 7H,0 (1mM) 50 uL
CaCl;, (0.1mM) 5puL
Glucose (0.8%) 0.4¢
(2 FER* 2 A7 FLvE- REF R A2

EBMA P 1§ 8 A& B (enrichment
culture technique) » 3 *“,f TR Ee
P ERPHE RS R UERE A
(TNT3 A 22) WXL 575
AAEIBEMR GEHEEET Y Z A
B Lei- gUR 22 A £ %R (carbon and
energy source) sijFth o ipit 2 K L TR
R FRERL R ZHAT ¥ LA

2 vE— F iR e

= ~TNT % L= 4 (per liter)
K;HPO, 79
KH,PO, 3g
NaCl 0.1g
Na,SO, 0. 259
TNT 0.1g

67



L

78 3%

41 # * 16S rRNA £ 714§ #6:5
32 A proEE

£t TNT 5 4

FERRATIE 78 2 BB e 17 5% DNA #7378 2.
16STRNA A 1% £+ /] B (5 > 8- H i »
WL -t 52 16STRNA A 12 E27 22 7 e
PR o ERETARLY G AR S PR pE

B4 ) Ak 2. clones » 4-%+:i% 4 clones 2 16S rRNA
AFFEEFREZ LT £ B 255 NCBI 2

Database i& (7 {5 fa B 71| v ¥ > 1A= 42 PE R &
Wt g 2 e PR (R ok 2 ) o

A2=F AT FHBRAKLFELERR

Q) mzA AT ¥R E - § R P E

¥ % R L2 e0 NFG-TNT defined medium (p
7 08% F FMpiisR) & EDNT LEK
16SrRNA A 71 5 7| &2 v i ‘rﬁ%ﬁﬁ PiE 5
» S1 2 S7ehjF > & W & & & Pseudomonas
citronellolis strain KNU 67551 4+ Pseudomonas
argentinensis strain TIW229 o 3 tk 733 & 3t
NFG-TNT defined medium 4 i¥ (28 = )*% fz = & 2
B A he S T e

£z~ FIBATEERZ A & clones & 75 2
?E‘baﬁ}] B (TEm /EL‘)

Clones Microbial identification

T101 Pseudomonas sp.

T106 Bacillus sp.

T109 Uncultured bacterium

T236 Pseudomonas sp.

T238 Enterobacter sp.

T242 Pseudomonas sp.

T245 Uncultured « proteobacterium

T236 Pseudomonas sp.

T261 Bacillus sp.

T265 Bacillus sp.

T269 Azotobacter sp.

T273 Pantoea sp.

T279 Pseudomonas sp.

T283 Salmonella sp.

* P EAEATEN 2GR AERETTINT S 42
MY AR 2 A poREEAL A RS o

P}

» s == 0 2 % DGGE
2P EE a2 P

f

ﬁﬁé’f_ﬁ_
W AT

&

\'.”

"L
5

68

2. 3485 6 7.8 .9 10 THE2

- DGGE & A Bl%% ;¢4 B¥Y ™ 'J‘”UL_g f g
JER TNT 23 (Lane 1 &3) ehjic 2 4+ FAp fE4E P BT IR
7 TNT & i<z 23 H ¥ (Lane 2&4) - Lane 1& 2 3
i# * V3region 4 17 > Lane 3 &4 | &_2 V6/VI region
kAT oo A A 478 % R 5 BT Geothrix sp.g
Pseudomonas sp.

v o
EE

TNTFfif 5

120%
100%
80%
60%

—_—TIW229
40%

TNTH k(%)

= = KNUET551
20%

0%

10
TIME(days)

15 0

Pseudomonas citronellolis strain KNU 67551 %

A

N

Pseudomonas argentinensis strain TIW 229 *% % =
TR R

(2 GFEEE A=A FIFLHE- A2 &
BA b

SRR R Sl ’4’2};2" TNT i3 Z 2 3%
oA A, e gl 8 RV g TNT 5re— g
FoRaus A Ad 2 Fkoe 5394 16S rRNA &
FlE A % o 4% Hl ek ik |
Pseudomonas spp. (% =) o

oo fIr G EmAHESs L TNT #f25

FHR S 5l FHRF T (16S IRNA 2 F1 & 7] 4 47)
TP1 Pseudomonas putida
TP2 Pseudomonas aeruginosa
TP3 Pseudomonas putida
TP4 Pseudomonas putida
TP5 Pseudomonas aeruginosa
TP6 Pseudomonas aeruginosa
TP7 Pseudomonas stutzeri



TP8 Pseudomonas aeruginosa

d 358 & kY o A PE
E‘é/ﬁli H [ % A2 £ BB
TP6) » 7 n i Hink
o BB - TR ™ 16S rRNA & #1445 %
FTFRTPL & TP6 2 & H is 4p B Ffa2 45 B
%A4cB) = 27T o

3 PR TNT &
Htk (TPL &

o

— P aeruginosastrain PAO1 (DQ777865)
— Strain TP6

_1 Pseud ssp. IN18 (DQ168654)
r— P mendocina strain PC7 (DQ178223)
P Pseudoalcaligenes (276666)

_(: P, putida strain LH-S1 (EU439421)
| Strain TP1

I—:s_\-ringae (AF094749)

P, Brassicacearum (GU201849)

P stutzeri strain EHT1 (GU339296)

1 1
{ 2 0
Nucleotide Substitutions (X 100)

Blz - Strains TP1 &2 TP6 16S rRNA i 715 51| &2
0B PR 16S rRNA 2 15 71 2. 35 Bk
d B 7] ¥ A 45 > ¥ 47 % % strain TP1 7 %
Pseudomonas putida ]tk ° strain TP6 ] ftfﬁ
Pseudomonas aeruginosa

=

2
%‘;‘1‘ 5 @ lzt

WP .

43 AR TPL ¢ TP6 ot TNT 3 vi— sk 2 ']

BaAL LRSS R TNT 25 4
1 LB medium iF@ 2 & > £ 3% ai% %ﬁa’%
(2% viv) 2 8,000 xg ° é;ép» 1 A\ﬁ—i m e ¢k eh

7

<~

LB medium & > &1 2 LT & zi(defmed
medium) » I * = =tk R FjRL 0 £AF i
- o LT REOERREAI VIR LAY o
Ped ez 2 £ kERFRIEHR A 600 nm =
7% sk & (Optical density at 600 nm; ODGOO) o A&
AP orrg o INT ERR R * 3240 k47 %
(HPLC)~# 47 = 1R SR & i¢ * &% & K 47 HLF 0
8330A Combined Stock Solutlon » % 1000 ppm
2. 14 AL ZApRE it &4 > & * Thermo Acclaim
Explosives E2 ¥ +igiR] o B4R 5 8 S jicd £ 2

A K 1% HPLC #2859 1448 X wa
Bt &P BBl o F]** TP1 22 TP6 f&r

TNT Lri— pRz T4 & A £ pF > ”'“ri?'];{ii

4 £ 2 TNT "% 32 F254cB = - Pseudomonas putida
strain TP132 % & 2 HPLC Bl & TNT ik & 2 B3 B 4~
wlor >t Rl- (day1l) # B~ (day22) -

S g TNT 4 B4

69

60 — 3

50 =

40

30

20

Intensity (mv)

|

I I
| i
1 U\

213 142

10 li

| |
{|

|

e e I | WY AV A (WAAW,

LI A8 A4 A 8 A 8 0 A0 8 o 0 0 O D A B A
] 5 10 15 20 25 30 35 40
Retention Time (min)

Bl 7 ~ 2 TNT 2432 % 3 (TNT defined medium 3 % )

1% HPLC A 47 1 15 3 % A 2 {2k 53

0.55 120

g - 110

/,"" 100

/ L 90

./- _A
./- "A,A
E? <N TPl £ E i -l-:
e A TPITNT 4% : (-
A TP6 £ R dh &t -A-;
TP6 TNT 4% : -A\-
e A
0054 . A i"-"’J D‘n\:‘.h\ a, 10
. ”ﬂunhaog'O

0‘ é ; G :3 IG \2 14 |e \H 20 22 24 26

Time (day)

B = ~ P.putida strain TP1 ¥ P. aeruginosa strain TP6
BAEWTINT fri- BBV H AP 24 Ed &

gr A A TNT R M2z it %

3 |
200 Day | ‘r
3 TNT
150 o
3 |
100 4 |
= |
3 \
o3k A
T [
0 5 10 15 20 25 30 35 40
Bl = ~ 2 HPLC /p] =_& P. putida strain TP1 ¥ 42 &
oo EEE AT TNT 2 kR
120 3
100 E Day 22
E(!—_i
E c _'_ 1-Amir Dinit
_é' 3 ﬁiuu 4,6-Dinitrotoluene
g 40 — e~ 2 4-Dinitrotoluene
- 3 b\ TNT J-Nitrotolucne
20 \ ) 1 T .*f(‘
U\I\I;\IIIIL\\Ill|sl\lIE\OI\IIQ\E\\I\BOI\\\| I\I4|O\I\I
Retention Time (min)
B ~ ~ 2 HPLC /] =_& P. putida strain TP1 > 2 7 32
%i’u‘__{—i 22 X ts A Y TNT 2 kR > Ble ~
M- BT G HABRERY 2P FAY



-

2,
7 4k 2

g

B P RE B L PR SR 0 0
WEA DGR KT 0 A A A F TNT et 3¢
B P ARAF R R T K o ¢ 8 _DGGE h3 i
Bl 37 0 ¢ TNT R A RS 2 23R8 s &
AP R o B A 20k T A R
B 77 587 > 2 Pseudomonas spp. £ 2 i
BFE s & TNT 5 % 2 32 ficd 4 2 JF3d o & 9 2
the= & o B Pseudomonas spp.if chE iR e ik A
f2 TNT A3t~ ant b

X

I G Bk ik GG TNT 2 2
Ao A B kT g TNT Sve— F Retie *
TNT Sr- 2§ ;‘E?.’rﬁf—;%%i%i‘pfﬁ%° iE B
B L BER2Z Ao 47 e TNT :§ heh
% B ¢ 4 £ v Pseudomonas citronellolis strain KNU
67551 ¥ Pseudomonas argentinensis strain TIW229 » 12
200 TNT H#R2 § k24 & 2 Pseudomonas putida
TP1 ¥ Pseudomonas aeruginosa TP6 »  i&— ) i& {7
T FRZ AT o

2

AT R L TNT S4B 7 2 e #4pie
FHE3 > TP T EERR AT TR ﬁ#\i & 3E
Bz INTHMAF S22 T 5 k2 &
P ARET R FEHATRRY AL QAT EERF
TNT 238 TRIFAE L2 7T (T

70

s gz-é;—&;f%

[1]. Pennington JC and Brannon JM (2002)
Thermochim Acta, 384(1-2): 163-172.

[2]. Singh J, Comfort SD and Shea PJ (1998) J
Environl Qual, 27: 572-577.

[38] ¥ L > 5RiE45 o (2010) 2 3E P LIF& 3
BApEL FRAL o 2010 EH R SR A
g

[4]. Esteve-Nufez A, Caballero A and Ramos JL
(2001) Microbiol Mol Biol Rev, 65(3):335-352.

[5]. Sung K, Munster CL, Corapcioglu MY, Drew
MC, Park S and Rhykerd R (2004) Water Air
Soil Pollut, 159(1):175-195.

[6]. Ramos JL, Gonzéalez-Pérez MM, Caballero A
and Dillewijn PV (2005) Curr Opin Biotechnol,
16(3): 275-281.

[7]. Stenuit BA and Agathos SN (2010) Appl
Microbiol Biotechnol, 88(5): 1043-1064.

[8]. Copley SD (2009) Nat Chem Biol, 5(8):
559-566.

[9]. Bradley PM and Chapelle FH (1995) Environ

Sci Technol, 29(3): 802-806.

[10]. Widrig DL, Boopathy R and Manning Jr. JF
(1997) Environ Toxicol Chem, 16(6):
1141-1148.

[11]. Donnelly KC, Chen JC, Huebner HJ, Brown
KW, Autenrieth RL and Bonner JS (1997)
Environ Toxicol Chem, 16(6):1105-1110.

[12]. Muyzer G, De Waal EC and Uitterlinden AG
(1993) Appl Environ Microbiol, 59(3): 695-700.



TN R¥ AR PFCFES ZPAETKIFRY

T AR

BIOREMEDIATION OF ARSENIC-CONTAMINATED

GROUNDWATER USING IN SITU ISOLATED

ARSENITE-OXIDIZING BACTERIA
An-Chieh Kao (% % %), Vivian Hsiu-Chuan Liao (/¥ % 4% )*

S

ER ST FEER:L Y

*Email: vivianliao@ntu.edu.tw (i 3t i* )

- PR

& (Arsenic, As) 3 148 ES ¥ 3]
Fena oo SR 21960 % e IR T KRR
FOROR AL BRA 0 RS PR Tk
ROz BB TR o bt P:‘g 'la%' P
SALARAE: B oA, R R
P2 RE VE o & LS AST325 . T %*zﬁfrﬁ
b ¥ 1 2 (BLAST) » - %+ 3 16S rRNA % 1
As7325%_£: Pseudomonas i 2. F#8 o @ As7325

_g}

B w2 4 KRR frpHA b :; 30°C 2 7 - As7325
Ao RALRE B fet 20t d R peshy

K )@;}iﬁv » 3 BLAST325E 4 F #Ap g (L2 /Edvg? it
ﬁaéﬂaoxB > g % 0 AST325 3
fEa gl mp o ¥ b AST325 B4 § iE i 2
T A AP F IS HPER RAT R TR
% 30uM (~2200 pg/L)2 = A0 & T A o S g
- HI* ASTI25 1% 5 — B4 g A A g
Tk enT B B %A 0 A X Bg/lid
52 enAST3255% & WMtk & 5 5002 1000 ppb
I B EE3T%E 60% i oM AR S X
BE o e e sk Bl A )i i $]87%2 100% o F]
Boood AFT Y R % A AST325E F IR A
FRETRZ AR T OE & B o

2
F¥
4 LEph g

[y

L

R Y L LAEE T )

71

Abstract

Arsenic poisoning affects millions of people
worldwide. Although groundwater arsenic problems
in Taiwan have been recognized since 1960s, few
reports have been published about the relationship
between microbes and arsenic release into
groundwater. In this study, we isolated an indigenous
arsenite-oxidizing bacterium As7325 from arsenic
the
Blackfoot Disease endemic area. The Basic Local
Alignment Search Tool (BLAST) search of the 16S
rRNA showed that strain As7325 belongs to the
genus of Pseudomonas. The optimal temperature
for growth was 30°C and the pH was about 7.

Bacterial strain As7325 is a facultative anaerobe. In

contaminated shallow alluvial aquifer in

addition, the cytoplasmic arsenite oxidase aoxB was
amplified by PCR, suggesting that strain As7325
contains arsenic oxidation/detoxification
mechanisms. Furthermore, strain As7325 was able to
oxidize 30 uM (~ 2200 ug/L) arsenite within 1 day
using environmental groundwater under aerobic
conditions. We also used As7325 as a biosorbent to
remove arsenic in groundwater. The results showed
that 5 g/ lyophilized cell pellet of strain

AS7325 can
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adsorb 500 and 1000 ppb arsenate with 37% and
60%, respectively within 2 days. The adsorption
efficiency for 500 and 1000 ppb arsenate reached
87% and 100%, respectively at 6-day. Therefore,
strain  As7325 shows
bioremediation of groundwater arsenic in situ.

its great potential for

Keywords: Arsenic; biosorbent ; bioremediation
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Systematic Bioremediation Strategy in organic amending accrescences
to improve biostimulation with Total Petroleum Hydrocarbon
Contaminated Soil
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Abstract

In order to carry out a systematic
environmental molceular biotechnological (SEMBT)
remediation, three research groups are established:
(1) Dbioagent development with  molecular
biotechnology, (2) molecular  biomonitoring
technology, and (3) biotechnology integration for
environmental engineering.This research group will
work out the systematic technologies of the bioagent
augmentation, the biomonitoring, and the biofilm
stimulation to perform an useful bioremediation
process (SEMBT) in a petroleum contaminated site.
Within one year, a set of ex-situ bioremediation
demonstration will be established with a pilot scale
plant of 2.4 kg bipiles for treating the total
petroleum hydrocarbon(TPH).The project goal is to
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demonstrate a systematic environemental molecular
biotechnology = (SEMBT) for  biodegradation
technology that is feasible for remediating a large
area of hydrocarbon comtaminated site.

Keywords: Systematic Environmental Molecular
Bioremediation Technology, Organic Amending
Accrescences, Total Petroleum Hydrocarbon
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Abstract

In recent years, remediating farm land contaminated
by heavy metals has been actively undergoing in
Taiwan. It is not practical and cost-effective for
remediating the contaminated farm land in remote
regions because most remotely located farm land has
low application rate, and its contamination poses
low adverse impacts on the surrounding
environment. Additionally, the increasing depleted
fossil fuel energy source makes it imperative to
develop substituted green energy from biomass;

82

green crop may provide environmental friendly and
sustainable energy. However, the use of green crop
as an substituted energy source will squeeze the food
source to adversely impact the availability of food
sources, and this is an obvious problem for Taiwan
that has limited farmland. If heavy metal
contaminated farm land can be remediated by
growing green crop to be used as green energy, the
objectives of remediating the contaminated soil and
providing green energy can be simultaneously
achieved. In this research, seven crops that are rich
in bio-energy including corn, potato, sugar cane, soy
bean, peanuts, rape, and sunflower were selected for
conducting the phytoremediation tests on-site in a
lead-contaminated. The objective of this research
was to study the adoptability of these seven plants
growing in lead-contaminated soil, and the
adsorption of lead by the various parts of the plants,
and to assess the feasibility for use these energy
crops to remediate the Pb-contaminated soil.

Keywords: Soil; Lead; Phytoremediation; Energy
crops
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located in Pingtung County with the area of 1,800
m?. The site was originally used for waste oil
recycling practice. The major contaminants in soil
were chromium, zinc and total petroleum
hydrocarbon (TPH). Groundwater did not illustrate
high level of contaminants. The objectives of this
study are to: (1)conduct in-situ bioremediation and
phytoremediation of metal and TPH-contaminated
soil, (2)to establish the pattern of site remediation
administrated by local government agency, and (3)to
prevent potential groundwater contamination.

Six experimental cells (6x6m) were set up.
Three treatment cells were designed for
bio-phytoremediation (i.e., BP1, BP2, and BP3) in
the highly contaminated area. Two cells were
designed for phytoremediation practice (PR1 and
PR2). One control cell was used to compare the
results with different remediation treatment. About
5.4 kg of earthworm was employed in BP1, BP2,
and BP3 for three month interval. Petroleum
degrading bacteria (Pseudomonas sp. NKNUO1) was
applied in the same cells for enhanced
bioremediation. Monitoring of TPH and metals
was conducted by scheduled soil sampling to
evaluate removal efficiency of TPH and metals.

The apparent decrease of TPH was observed in
the BP1 and BP2 zones. The removal of TPH
ranged from 41% to 99% after five month of
bioremediation practice. Most of the samples in BP2
revealed that TPH is below regulation criteria.
However, removal efficiency of TPH in BP3 is less
effective due to highly contaminated nature in that
zone. The removal efficiency varied from 29 to 96%
at different depth in BP3. The highly
TPH-contaminated area may affect the population of
earthworm or biomass.

Poplars(Populus bonatii Levl. ) and Sun
Hemp(Crotalaria juncea L.) were utilized in the
phytoremediation practice. Three hundred fifty



poplars were planted in the site including six
experimental cells. Metals in plant tissue and soil
were analyzed to evaluate removal efficiency of
contaminants. After four months, the growth rate of
poplar ranged from 55 to 213%. It was observed
that growth rate was lower in the highly
contaminated area such as BP3. Certain inhibition
was noticed. The heavy metal analysis of tissues
revealed that Zn>Cu>Ni>Cr. Both species are
suitable for phytoremediation. The results generated
in this study will serve as a case study of green
remediation and environmental decision purpose.
This article provides guidance for manuscript
writing for conference.

Keywords: Bioremediation, Phytoremediation,
Metal contamination, Petroleum Hydrocarbon
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The goal of this project was to investigate lime
(CaO) hydration reaction by providing heat energy
and alkaline conditions to induce persulfate
activation for the treatment of diesel-contaminated

soils. The results showed that addition of CaO
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coupled with SPS cannot trigger the effective diesel
destruction (e.g., 43%) through the generated heat (~
80°C) and alkaline pH (> 12).
experimental conditions with SPS only, ~15% and

Compared with

~43% of diesel removals were achieved in the
NaOH/SPS and CaO/SPS systems,
Therefore, it can be seen that the CaO/SPS process

respectively.

may not be an effective way for degrading diesel
contaminated soils. Among all possible persulfate
SPS/H,0, and SPS/Fe*

appeared as the preferable options for treating diesel.

activation processes,

Overall, activated persulfate processes can rapidly
reduce diesel concentration (about 60% removal)
within 2 days. Diesel removal from soils is often
limited by its low water soblubility and highly
it is difficult to be
treated and meet the soil remediation regulation
(TPH< 1000 mg/kg) with an initial TPH of 12000

mg/kg.

sorption onto soils. Hence,

Subsequently, experiments focus on the
application of CaO mixing with post-treatment soils,
which process would alter soil pH and then reducing
diesel concentration by dilution.

keywords: diesel, chemical oxidation, persulfate
activation, lime, TPH
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Abstract

The results of this study, compared with other
technologies, can be practically applied in
commercial scale economically. Furthermore, this
study will be a novel technology and in the lead of
the world. The result shows that about 18% of the
total contaminant is hard to remove from soil, but
others could be removed within 1 hr. We have also
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constructed Sovova kinetic model to predict the
profile of the dioxins in the soil and the results
reveal it may take 398, 243, and 184 min to treat 500,
100, and 50 thousands ng I-TEQ/kg soil to 1000 ng
I-TEQ/kg, respectively.

We have scaled up the extraction reactor to 6 L,
and successfully predicted the extraction efficiency.
The lower extraction efficiency can be attributed to
mass transfer resistance. Effect-P and effect-Mg will
lose during dioxins extraction, which cause the
losing of soil fertility. Moreover, we have confirmed
the feasibility of the supercritical CO, extraction on
dioxins contaminated fly ash. More co-solvent will
enhance soil extraction efficiency but not in fly ash
extraction. It may contribute to the organic matter in
the soil and reduce the affinity of CO, to dioxins.

Keywords: Optimization, Dioxins, Supercritical
carbon dioxide
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Abstract
This research is aimed at investigating the

reductive and oxidative ability for Fe/Al, Cu/Fe/Al
Cu/Fe/Al
(EM-Cu/Fe/Al) that may serve as reactive reagents

and electron mediator modified
for permeable reactive barriers. The goal is to
develop a new reactive reagent that can treat both
oxidative and reductive contaminants simultaneously.
Carbon tetrachloride was selected as the probe for
reductive reactions while formic acid and dyes were
used as the probe for oxidative reactions. Both batch
and continuous column experiments were conducted.
The product analysis and EPR analysis were carried
out to investigate the reaction behaviors. For
bimetallic Fe/Al, it was found to be the best material
capable of simultaneous oxidizing formic acid and
reducing carbon tetrachloride. Cu/Fe/Al trimetal
carbon

possessed good reductive ability for

tetrachloride reduction. However, attempts to
synthesize EM-Cu/Fe/Al were unsuccessful even
though more than 5 trials were tested by using

vitamin B12 as the electron mediator. Nevertheless,
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the use of TPPS as the electron mediator finally
opened an avenue for successful synthesis of
EM-Cu/Fe/Al. Cu/Fe/Al exhibited a good reductive
ability, which is 16 times faster than Fe/Al.
TPPS-Cu/Fe/Al is slightly better than Cu/Fe/Al, yet,
further study is certainly needed. Fe/Al showed an
excellent oxidative ability for the oxidation of
formic acid and dye. EPR analysis indicated that
methyl radicals were involved in the reaction system
while hydroxyl radicals were also discovered. The
column test suggested that the longevity of both
Fe/Al and Cu/Fe/Al were fairly well for potentially
using in the field.

Keywords: Groundwater Remediation;
Permeable Reactive Barrier; Bimetal; Redox;
Carbon Tetrachloride
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Abstract

Zero-valent iron nanoparticles (ZVINs) with a
diameter of 20-50 nm and specific surface area of
42.6 m*g* were measured by FE-SEM and BET.
Zero-valent iron nanoparticles had a strong
characteristic peak at 20 = 44.6° were investigated
by XRPD patterns. In the degrading experiments, 90
ppm TNT, 35 ppm RDX and 5 ppm HMX at room
temperature (25 = 1°C) were degraded completely
with 0.1 g ZVINs in 1 h. The experimental results
were placed into a simple Langmuir-Hinshelwood
equation (In(Co/C,) = kt) and the R? were all upon
0.995. However, the degradation statistics
corresponded to the pseudo first order kinetics. The
thermodynamics study was carried on three different
high-explosives under 25-35°C and the activation
energies of TNT, RDX, and HMX were calculated
to 9.74, 10.08, and 12.46 kcal-mol™ by Arrhenius
equation, respectively.

In the investigation of degradation pathway, the
intermediates were identified by LC/MS/MS, and
GC/MS. The substitution of high-explosives was
reduced by different quantities of nitroso group into
hydroxylamine. The ring structure of the explosives
became destabilized when nitroso group was further
reduced to a hydroxylamine group resulting into ring
cleavage by a hydrolysis route eventually. In
reductive degradation processing, the ZVINs were
reduced and also sheet-type materials were produced.
Meanwhile, the surface of Fe, FeO, Fe;O, and
Fe,O; was measured by ESCA and the crystalline
structures were similar with Fe;O, and Fe,O;
identified by XRPD patterns. In addition, the
valence of ZVINs after degradation was 8/3 as
shown by XANES technique. The coordination
numbers of Fe atom were close to 4 and the bound
distance of Fe-O was about 1.94 + 0.01 A as
determined by EXAFS spectra.

Keywords: Zero-valent iron nanoparticle, TNT,
RDX, HMX, Reductive degradation
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Abstract

Electrokinetic (EK) process is classified as an
in-situ remediation technology. It will be conducted
in site without disturbing present resident activities
with proper operation and reasonable treatment time.
EK process is much fit in contaminated site with
clay soil because pollutant will be forced to migrate
by the electrical driving force. The advantages EK
process includes (1) production of uniform
electroosmosic flow in heterogenous medium,
especially in low permeable soil; (2) easy control of
flow direction; (3) high removal and degradation
efficiency; (4) high economy. To establish pilot-scale
operation parameters will be beneficial to promote in
application

The aim of this project is to design a 3-D
pilot-scale EK modul and conduct a series of soil
remediation experiments to investigate the effect of
electrode area and potential gradient on remediation
efficiency.

Considering reducing cost, hollow stainless
electrodes (SUS 316) are selected for test. A series
of the experiments were conducted with 0.05 M
lactic acid as processing fluid under potential
gradient of 0.2~0.35 V/cm and electrode area of
28260 ~ 37680 cm2 for 20 days. Results showed that
the treatment efficiency of Zn, Cu, Pb, Cr and Ni
were 41.8%, 4.2 %, 32.8 %, 31.6% and 35.6 %,
respectively, conducted with potential gradient of 0.2
V/cm and electrode area of 28260 cm?. As decreased
to potential gradient to 0.35 V/cm, the treatment
efficiency of Zn, Cu, Pb, Cr and Ni were also
decreased to 82.4 %, 81.9 %, 51.6 %, 88.1 % and
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44.9 %, respectively. It was found that most of
removed pollutants are coating on the cathode
electrode surface and part of remained in the cathode
reservoir. It was concluded that the treatment
mechanism was dominated by EO flow. Based on
sequential extraction results, it was found that the
binding strength of Cu with soil was shifted from to
strong to weak after EK process and, however, it
became insignificant at lower potential gradient.
Other than pollutants migrated from anode to
cathode, it was also found that the pollutants were
migrated from bottom layer to top layer. Such
vertical migration of pollutants will be beneficial to
remediate contamination in depth. The soil
temperature after EK treatment was 4~5 “C higher
than room temperature which was at reasonable

range for in-situ remediation. For cost analysis, 85%,

14%, and less than 1% was accounted for the cost of
electrodes, processing fluid and electricity,
respectively. To prevent corrosion of electrode
would tremendously lower the remediation cost.

Keywords: Electrokinetic ~ Potential gradient ~
Lactic acid
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Abstract

The objective of this preliminary study was to
evaluate the feasibility of using the electrokinetic (EK)
process for in situ remediation of actual Hg-contaminated
soil.  Subsurface mercury contamination due to improper
treatment and disposal of Hg-containing sludge generated
from chlor-alkali factories has been a headache in Taiwan
for decades. To resolve this problem, a novel EK
process was proposed in this research. In this work an
EK remediation system, including a gas-tight sand-box
reactor with monitoring wells & caps, DC power supply,
and electrodes of various materials, was first installed.
Then an actual Hg-contaminated soil (Hg concentration of
3,000 to 5,000 mg/kg) was collected, characterized, and
filled in the soil compartment of sand-box reactor
simulating the unsaturated zone and saturated zone. In
addition, 0.1 M KI lixiviant and/or actual groundwater
were used as anolyte, catholyte and soil pore water. At
this stage, an electric field was applied to the EK
remediation system using a constant voltage mode (i.e., 1
V/cm) or constant current mode (i.e., 20 mA) for eight
tests with different remediation time ranging from 1 to 14
days. The following are the research findings obtained
using the potassium iodide-assisted electrokinetic
(Kl-assisted EK) process in this work: (1) migration of
Hgl,* (originated from chemical reaction of Hg and Kl in
aqueous solution) toward the anode is the primay
mechanism for Hg removal, whereas the transport of
dissolved Hg,l, toward the cathode end by
electroosmositic flow is consided the secondary removal
mechchnism for Hg; (2) through the mass balance of total
Hg in the sand-box reactor, it is postulated that there
might exist a mechanism relevant to Hg stabilization
rendering the formation of unknown residual metallic Hg
compound that is non-dissolvable by aqua regia digestion
and for subsequent chemical analysis; (3) the emission of
Hg vapor would not take place in the Kl-assisted EK
process; (4) the Kl-assisted EK process is considered to
be technically and economically feasible as compared
with other Hg remediation technologies. It is believed
that further studies are needed before the Kl-assisted EK
process could be implemented in the real world.
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The study on near real-scale remediation for Pb contaminated
agricultural land by in-situ electrokinetics
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Abstract

This work applied the Circulation-Enhanced
Electrokinetics (CEEK) in near-real scale to clean
the lead contaminated soils in Nantou City. After
63-day treatment, several conclusions and
suggestions can be drawn: 1.The lead removal
efficiency was about 64%; the average lead
concentration was decreased from 7,246 mg/Kg to
2,612 mg/Kg. 2.The operational cost of electricity
for removing 1% lead was 6.55 NT dollars in the
area of 1.0 m? . 3.The pH and electrical conductivity
of soils could maintain neutral and stable situation.
4.The fertilizerbility of the treated soils was slightly
less than that of the untreated soils. This means the
addition of fertilizer is necessary. 5.1f the removed
lead was electroplated on the cathode with low
electricity efficiency, it is necessary to integrate a
wastewater treatment plant with EK system.

Keywords: Pb contaminated soils; Electrokinetics;
Real-scale remediation
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