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Abstract

Decabromodiphenyl ether (DBDE) is a flame
retardant commonly used in the industry, and it has
become an emerging contaminant in recent years.
Due to its structural stability and low solubility in
water, DBDE has a tendency of accumulating in the
the
biodegraded. Thus, DBDE can lead to ecotoxicity

sediment, increasing difficulty of being
and threaten the health of various organisms. The
study applies the high biological activity, richness in
carbons and electron donors of three different
organic composts, to evaluate the initial DBDE
concentration (20 mg/sediment-kg) on the biological
debromination efficiency in contaminated sediment.
The anaerobic microcosms will be conducted in the
serum bottles with DBDE-polluted sediments and
The

compost sample. DBDE concentration is




measured by GC/PDECD during anaerobic
biodegradation. PBDE congeners are measured by
GC-MS. The change of bacterial community is
measured by PCR-DGGE-Cloning during DBDE
biodegradation. Functional genes of bacterial species
such as reductive debromination genes and
dioxgenases are measured by selective specific
primers.

As a result, three sampling composts (C2, C6
and B2) with high organic compounds demonstrate
the significant ability of DBDE adsorption. The
pseudo rate constant (k) of the first order equation
for anaerobic biodegradation of DBDE is compared
as C6 (0.0458 day') > C2 (0.0352 day') > B2
(0.0286 day'). Metabolites including 23 PBDE
congeners are measured by GC-MS. The DGGE
profiles are different during anaerobic DBDE
biodegradation. Pseudomonas spp. (ID= 97-99%)
and Dehalococcoides spp. (ID=97%) related to
DBDE biodegradation are identified in anaerobic
microcosms. Amplification of PCR-products for
biological debromination are positive. An off-site
combine

approach is mentioned to

DBDE-contaminated sediment with commercial
organic compost is suggested in the practical

engineering technology of remediation.

Keywords: DBDE, organic composts, bacterial
community
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FMH o RPAPERE > FITE KX DL ARET
BELP .

AT R GRS X542
DBDE & fF/k§ 2 4" 3 > H 1 & 3 7k 48 4] L5
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Eé*@ﬁwﬁiHL@#Jrﬂﬁ%&a%&iiui
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REREER R At LA B2 R R 4t (PBDE
fl % A 3 4 3 3 4 (PCR-DGGE-
Cloning) I P¥ & 7 ' 28 f2 e 4 4+ % 3 B2 7
BET . X RE R AT AT FF
F¥% A 71 %) 3= 2 3w fied 4+ 4 2 DBDE 2 B
EfEE o AT RS F e AT 2
DBDE 5 % &ik 2.7 714 > 22 % d BiL B

(anaerobic microcosms)’ ;

congeners) °
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= HERFE

3 BERFHRP: 4=
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R 1R

¥ A ( Deca-brominated
7' % C;Br0O »

Br Br Br Br
Br Br Br Br

% 1 DBDE it § ‘g4

3.2 PBDEs 2 #f ikt &5 53 0 ed2 2 "$ 5 pen
s £ J1* GC/PDECD i£ {7 4 45 ©

33 R ARBREFRE R TR CHFF T
LRSI B STE AL T IRE S 2 ] YA
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(1)DNA % B~ 41 * DNA F B~3#8 it (7 Kk k&
DNA %P~ » i&{7 PCR
(2)DGGE  fir 2 4 *% ¥ 4F 3 :
Bacteria)i# * 513 5 E968F %2 1392R (Fang et al.,
2002); = J@ 3 (Domain Archaea)ﬂf | * nested PCR
= ;% (Qvreds et al., 1997) i * 2_ %
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PRA46f &2 PREA1100r #7# 3| ehA 4 ~ -] 9 5
1,072 bp » % = £ Primer 5 PARCH340f 2
PARCHS519r #7#H 3|chA 4 < /] §1 % 179bp o

(3)~ + iE 7 (cloning): & * 313 % E8F % UIS10R
(Reysenbach, and Pace, 1995) - ## 3] 2. PCR & 4~ %
it {332 {7 Cloning o #& 78 = # {$ & (7 T/ > " #
NCBI FHET #FAFETE % ©
35 AR LSH
*F 3 i * % p Phylum Chloroflxi f¥ i +
R R R
zi\'jséﬁ/»\%‘? 513 5 RRF2 ¢ BIR (Krajmalnik-
2004) > B A 7]+ ] 1,500-1,700
bpo ¥+ % fEF PEERAREFAT IS
C230F # C230R B &5 7] % -] % 450bp (Alfreider
etal., 2003) -

. (reductive dehalogenase, RDase)

Brown et al.,

-~ ERAHW

4.1 DBDE 4# % &
% 1 5 27 7 %> DBDE & * ** &k A 453 iF 2
¥ B AP RER) S £ RN R T (limit of
detection, LOD )» # # Bl4&"T 5 0.032 p g/g 40 M
dciE R*=0.9991> fp R i £ 2 % B R R
Mix® (10 mg kg, 8+0.1 mg kg'; 20 mg kg,
24+4 mgkg') -
4.1.2 L3R A 247 A X PBDEs R E 447
Bt b B T ARSI ok 2 KT
BEBRE2 «;}ﬁ;g; <& H_;}Tgr*v KR 2 gwa. A
WARAZBEESL > B PFINAL >
PR A RIEHARLF BT T L0749 % 30T
P& 2 AR 0474 % o i&- 11 GC/PDECD
472 kR ? PBDEs k& (% 3) 0 £44= 3]+
e FRUEFE A 0 B %P IS AR R DBDE k
B % i 32-35ng/kg 5 i & e PBDEs i3 ZL# ]
peebe BORITZ Pl R B2 R 4 ks
A (BDE-207 % BDE-206) 3 =t i trﬂPBDESﬁ-i
4 (BDE-207 1.28-3.12 ng/kg ~ BDE-206 1.5-1.8
ng/kg) TR iFF AR O3 E T 99 £ A L E
33 i@ &L ¢ PBDEs 7 ¥ » I {4 24 fER B
PF Aty Ry o 2 DBDE ER G T
5% > DBDE ¥ s i3 e3v@ " KE P o

1024 5 13 AT KT e ikn k&
FRBEGRBRRERE

A B

% 1~ DBDE A 457 i 5 * *t Rk 2 fk £ SaLp kot
2 PN
()~ F R BRENRE wojT S & R
) Repeatability % LOD
Linearity Recoveries(%)
Compound N RSD (n=3) s/n=3 .
() _—— . 20 mg kg’
10 mg kg 20 mg kg™ (mg kg™)
DBDE 0.9991 8+0.1 24x4 0.032 97.56+4
%2 R A REFEL T
IR SKE((%) fIHE ) BH W) IHIe) Hki%e)
30 0.474 fit+ 89.2 39 6.9
30 0.749 HyE i+ 284 50.8 20.8
% 3 &k PBDE k& ~ #7(ng/kg)
PBDEs Congers | ¥l | K% PBDEs Congers =H K&
di-BDE BDE-17 | 0.004 | 0.065 BDE-154 | 0.016 | 0.022
Tri-BDE BDE-28 | 0.011] 0.018 BDE-153 | 0.038 0.041
Hexa-BDE
BDE-49 | 0.002 | ND BDE-138 | 0.013 | 0.005
BDE-71 | 0.001 | ND BDE-156 | 0.011 ND
Tetra-BDE | BDE-47 | 0.046 | 0.215 BDE-184 | 0.004 | 0.004
Hepta-BDE
BDE-66 | 0.026 | ND BDE-183 | 0.026 | 0.187
BDE-77 | ND ND BDE-191 | 0.011 | 0.006
BDE-100 | 0.008 | 0.008 | Octa-BDE | BDE-197 | 0.043 | 0.164
BDE-119 | 0.033 | 0.007 BDE-196 | 0.059 | 0.185
Penta-BDE | BDE-99 | 0.109 [ 0.075 BDE-207 | 1.285 3.125
Nona-BDE
BDE-85 | ND | 0.004 BDE-206 | 1.556 | 1.871
BDE-126 | 0.008 | ND DBDE BDE-209 | 35.858 | 32.632
ND = {EFH AR
)= N\
4.1.3 e ik SR AT

AREFEY 2 ZfAdase > H i B Bt L 4o
AiriE AT o C2 % Co62 A im (33.09 2 46.23
%) PEZ B2 »(3.62 %) R F L Z 4k
YRR A WRLE BT o G oo r i § ek
L5 FF R mpEe s RIamafpey
T NREBEREYZIRZE B A
R BRART hE S 2P R e kn S
e o

VLS C N FRTES > P Te
*EREFR DR A BB 0 CO kB
(46%)# C2 e i»(33%) 5 & » AP ¥ k3 C6
RARR(6 B 1) P57 £ C2 T BHARARQ2
BE)PFWHFZE B BRI P
BB LA Ko Rdodk g T B2 3859 e i
R4 3.6% @ C28 C6ehit >3 £4rF 3 33 %-
46 % > frrased 3BT ENE R kS
B2 ek 7 £ RIALF

i A7

m{}’*

s 2 4



34 BBz e B E

LR K(e) < (%) N (%) H (%) S (%) 0 (%)
c2 33.00 56.55 2.57 511 0.70 35.06
C6 46.23 63.16 2.90 7.74 1.73 24.47
B2 3.62 67.87 4.39 3.50 0.64 23.60
44BN AR L DERITR
G Rk A0 dF B NaNy (i il

control) ™ Fr#| fr 2 ¥ g 1+ 5 #1121 DBDE eh# %
IBE RN EL 120 % o @ kAo fpF L 4pen
¥ (G4 % 2)> DBDE i e p & 3 ki
T * (sorption) ¥ # ¥ % f% it * (biodegradation) =
Al B R R derg e (0% Srf g hE G
d fcd 4% 13 DBDE % - = f84 #3137 (B2, C2,
C6) % DBDE s ¥t 2 4 4= "5 fR 3L % ] 2 #777 > 4
Fi4eT 1 2 (B2, C2, CO)H T 2_ v s(d 4] )%
% 4w 3 148+13.7 2 122 mg/kge » DBDE
PR (P )Y T 13.94632% 73
mg/kg (3% 3+ 2. DBDE 44>k B % 20.0 mg/kg) °
(A) (B)

—e— C2-control ——c2 —— C6-control ——c6

0.2
00 120 140 ° 20 40 60 20
Time (dxys)
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o,

100 120 140

Bl 2 3597 4 S it 2 4
PR % (Z HE
BT 2 B0 (C2)5 (b)

ZHRE AT 6 B
(C6) : ()% #3572 ip
—&— B2-control —0—B2
A
040 20 40 60 80 100 120 140 ‘ (BZ)
Time (dayp)

iz— 4 12 DBDE ER A~ 4758 % it 5 = ®2(B2, C2,
COYHLsr 2 o 0 A 2 F k> 34 82 5 e sk
BOR AR 1S 0k R R A AR R > T
v ,T?"[‘J‘-ﬂ—"é\ o, _,t!cs.‘ﬁ?ﬁ;%ﬁ B2, C2, C6 »
B 5 25.65~31.45 % 38.95%(% 5) C6 F B dFin
Rk o LS B2o AN BT @A
4o dr FA 2 £ 4] ' DBDE jk & 7 SE'E fRPE R R
S g B F AW AY S REFBTS
£(44) > #* DBDE £ § w575 -
FoebzhE e a4 )?14 FRe FEISANAS
R E R R AL S ok R B 1A Wk R
TR F R R A B2,C2,C6 A u E

Rl

47449 % 234%(4 5)0 C2 %
cd B2 &£ o
% 5= faiT 2 B s %

Bo4rend 305 3

2 R (120 %)

|28 Fj’ '»»‘JZ'_,: 4 4”' S ﬁ* 9:—, E,_-i K,/t &
C2 3145 % 349 % 66.35 %
Co6 38.95 % 23.4 % 62.35%
B2 25.65% 4.7 % 30.5 %

d RSV oz i wiag 4 4 HrEfaivr

e 4 0% 12 DBDE #6427 > MR- PFF R AT

fam: C=CGe"

%6 %% @50 B % R 5 C6(0.0458 day') > C2

(0.0352day™") > B2 (0.0286 day™) » ¢2 @i} 42 BBt

ﬁ* » 2R R R CO F Pt 2 K 0 2R
L C2 % BOPRAF R Rk 0@ 32 B2 e

B2 11§ Hlh %8 fR8 % 12 5 % R0
6. AP EfRERZF REF VB
N K (day™)
C2 0.0352
C2-Control 0.0318
Cé6 0.0458
Cé6- Control 0.0338
B2 0.0286
B2- Control 0.0393
4.15 3Bk T S A H

B2 e 7 £ %% C2& CO» + P jigef & ¢
S R ALY B B (DOCHER B (W 3A) -
B2 3% crn DOC > P &g cng *t C2 & C6 chig > F]
SB2HAY Fh MM B A E B2
Hg Aw o eréf)xm];_]&c‘ PTG AR EWER o
4ot A dl # B2 de srdl ¢ m];],,zr’ ERA
FREF - AFARE T B2 AT B
¢k FEg e hpH B350 4 4.5 pH R A
*4.15-5.11 (B 3B)> B afR i C2 &
C6 > Pl fadF k3ipH E35% 6 11+ > pH nﬁg‘%lﬂ
B 43T 6.26-6.91 2 6.53-7.06 0 BT R AL R
A7 3 Aeagdri 4 (Tsui et al, 2011) ° — &
FmT oA s RERA 59 2R

“]"J'leEv’—Qr'%pHm)'{""S B QP i
P A 5‘1’%)1 JTE7gs & & kv e pH BT % 1E
TG R R PR % IREAT TR

S5 SR(M 2% > 2011) 0 d ¢t % % ¥ 448 DBDE
" iREALY C6 & C2 g ﬁqu: B B2
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L% ORP(R 3C)» 2 % f24 4 7 % » & ORP
L1éhs 12 RdEH ORP I f 9% 1
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NO, % SOk A (R 4) > 4 = fE3 974 3075
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A B

BRI F o B B (L )R - ML T M
He(= i) -

PR RT M PR R AL A
#wiEa & 5wk B(Robrock et al., 2008) - Lee

and He (2010)F]%* 2 3 & Kk ¢ hjicd $o 38 (7
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Abstract

Zero-valent iron nanoparticles (ZVINs) with a
diameter of 50-80 nm and specific surface area of
42.56 m*>/g were measured by FE-SEM and BET.
Zero-valent iron nanoparticles had a strong
characteristic peak at 20 = 44.6° were investigated
using XRD 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 simulated using a simple
Langmuir-Hinshelwood equation (In(C0/Ca) = kt)
and the R-squares 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 9.743, 10.079, and
12.460  kcal/'mol by  Arrhenius equation,
respectively.

In the investigation of degradation pathways,
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 structures of the explosives
were 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 the sheet-type materials were also found.
Meanwhile, the surface containing Fe, FeO, Fe;O,,
and Fe,O; were measured by ESCA and the
crystalline structures were similar with Fe;O4 and
Fe,O; identified by XRD 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 bond
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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concentration TNT and RDX degradation onto
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TNT and RDX degradation onto ZIVNs.
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Process development on bioremediation of trinitrotoluene
contaminated soils by indigenous microorganisms by lab pilot-scale
study
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Abstract
Soil and groundwater contaminated by

munitions compounds has been a crucial issue in
environmental protection. These compounds
including trinitrotoluene (TNT), hexahydro-1,3,5-
trinitro-1,3,5-triazine (RDX) and octahydro-1,3,5,7-
tetranitro-1,3,5,7-tetrazocine (HMX) are reported as
highly toxic and carcinogenic. Therefore, control
and remediation of contamination of nitroaromatic
compounds including TNT are very critical issues in
environmental protection in Europe and United
States. Control and regulation standard of these
munitions compounds have also been reviewed by
Taiwan Environmental Protection Administration
and will be announced recently. Proposal for the
remediation of the contaminated sites will then be
required. = Compared to physical or chemical
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processes, biological remediation (microbial
bioremediation and phytoremediation) are more
economy and environmental friendly approaches and
also more acceptable by general publics. In this
study, we aim to develop bioremediation approaches
for TNT by microbial degradation with indigenous
microorganisms isolated from TNT contaminated
soil and evaluate the feasibility of bioremediation for
TNT pollution using these microorganisms.

In the present study, we continued to
characterize the indigenous microbial isolates and
evaluated their ability in TNT biodegradation.
Micorbial diversity (microbial population) of TNT
contaminated soil was also examined by Denaturing
Gradient Gel Electrophoresis (DGGE). The main
goals and the results obtained from this project
included (1) Evaluation of TNT biodegradation and
biotransformation by indigenous isolates; (2)
Establish the method for detection of TNT residues
in the soil using High performance Liquid
Chromatography (HPLC) according to USEPA
method 8330A and NIEA MS804.00B by EPA,
Taiwan; (3) Development and evaluation of the
methods for detection of intermediates produced by
microbial metabolism of TNT as well as benzene,
toluene and xylene by HPLC; (4) Cultivation of
TNT-degrading bacterium using batch culture
technique by Lab scale fermenter; (5) Development
and evaluation of bioremediation of trinitrotoluene
contaminated soils by indigenous microorganisms
with lab-scale model; (6) Examination of microbial
diversity  during  bioremediation of TNT
contaminated soil in lab by DGGE. The
preliminary results obtained from this study will
help us to evaluate and propose schemes for in situ
bioremediation of TNT contaminated site in the
fuure.

Keywords: Trinitrotoluene; bioremediation;
Indigenous microorganisms
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Abstract

K~ Kk

For better remediation of contaminated soil in
An-shun site, a continuous pyrolysis system is
applied in this study. Operating temperatures of
500~750°C are applied in continuous pyrolysis
system set in this study are tested for remediation of
contaminated soil. However, higher than 600°C
operating temperature in continuous pyrolysis
system is still needed to effectively remove
PCDD/Fs and mercury from contaminated soil as
input rate of contaminated soil are controlled at 2
kg/hr and 2.5 kg/hr (retention times are 33 and 26
min, respectively.). In addition, high pollutant
concentrations are found in flue gas of pyrolysis
system outlet and baghouse, quench tower and
multi-layer AC-adsorption bed as air pollution
control devices are applied for effective emission
control. Regarding particulate matter, lower than 3
mg/Nm3 of particulate matter concentration is
obtained by baghous. Quench tower operating at
0~3°C can effectively removal mercury from flue
gas. The removal efficiencies of mercury achieved
with quench tower are higher than 80%. As for the
multi-layer AC-adsorption bed, 3 layers are designed

1024 5 13 AT KT e ikn k&
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in this study. Finally, the emissions of contaminants
including PCDD/Fs, PCP and mercury are stably
controlled to meet the emission limits of three
contaminants (PCDD/Fs: 0.1 ng-TEQ/Nm’; PCP:
500 4 g/Nm’; Hg: 50 y g/Nm’).

Keywords: Pyrolysis, PCDD/Fs, PCP, Mercury,
Remediation
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To develop an automatical and patentable in-situ electrokinetics
system in real-scale application for remediating Pb contaminated
agricultural land
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Abstract

This project was proposed to improve the
CEEK system based on the results from last year.
We hope to establish the CEEK technique to meet
the market requirements. After 100-day remediation
for lead contaminated soils by the CEEK, several
conclusions can be drawn: 1.A closing and
uninfiltrated channel for the CEEK was constructed
successfully, which avoids the weather effect and
deformation problem during the long-term operation.
2. A reusable channel for the CEEK was constructed
which can be reused and save the initial cost. 3. The
pH and electrical conductivity of soils could
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maintain neutral and stable situation, which
indicated the little impact on soils under such CEEK
process. 4. The electrical current and voltage could
maintain stable situation, which presented the great
stability of the CEEK process. In addition, the
temperature of operational solution was close to
atmospheric temperature. 5. The fertilizerbility of
the treated soils was slightly less than that of the
untreated soils. This means the addition of fertilizer
is necessary

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

In recent years, remediating farm land
contaminated by heavy metals has been actively
undergoing in Taiwan; however, 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. The increasing depleted
fossil fuel energy source makes it imperative to
develop substituted green energy from biomass;
green crop may provide environmental friendly and
sustainable energy. 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, crops that are rich in bio-energy
including corn, potato, sugar cane, peanuts, rape,
sunflower and Miscanthus floridulus were
selected for conducting the growth tests on-site
in a lead-contaminated plot located in Nantou

1024 5 13 AT KT e ikn k&
HREEGRRARRERE

A B

City, Taiwan. The purposes of research include: 1)
to know the time series variation of lead content in
plants and soil in vegetation process. 2) to evaluate
the energy yield of various crops in the lead
contaminated soil. 3) The promotion and optimal
conditions of mycorrhiza fungi for plant growth and
lead absorbility.

Keywords: Soil contamination; energy crop;
phytoremediation; lead
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Abstract
Phytoremediation, a green technology developed to

extract heavy metals from polluted soils, has drawn

a great attention due to cost-effectiveness and
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research intends to assess the potential of bioenergy
plant sunflower to remediation soil polluted with a
mixture of heavy metals. Several pretreatments to
enhance phyotremediation efficiency including
adding calcium peroxide, plant growth regulators,
and evaluating plant growth promoting rhizobacteria
will be employed. In this study two commercially
available plant growth regulators will be used to
boost the assisted phytoextraction of Pb, Cu, and Zn.
The effects of calcium peroxide and chelant
treatment in soil will be investigated in terms of dry
weight biomass, and heavy meal accumulation in
the plants. In addition, the transformation
mechanisms via these treatments through the
pilot-scale and field-scale systems will be studied to
evaluate the phytoextration efficiency and
transpiration rate. Heavy metals removed through
the wvegetation uptake and heavy metal soil
be

sequential extraction to characterize the components

mobility  will researched by employing
that heavy metal is associated with. By virtue of
understanding the mobility of heavy metals, the
phytoremediation  efficiency = and  potential
environmental impact from the removed heavy
metals can be addressed. The third year of this
research will evaluate the potential of recycling the
sunflower seeds as bioenergy and reusing the
harvesting plants as biosorbents.

redox

Several related parameters, namely pH,

39




potential, dissolved oxygen, microbial condition, to
optimal operate laboratory-scale modules and field
operation enhancing the pollutant removal will also
be studied. The findings of this research might also
provide the preliminary solution for combating the
upcoming challenge to innovatively remediate soil
pollution through phytoremediation via employing
calcium peroxide, plant growth regulators, and

chelants.

Keywords: Phytoremediation; Heavy metal ;
Chelating agents ; plant growth regulators ;
calcium peroxide
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The pilot plant study of heavy metal contaminated soil by
Electrokinetic (EK) process - designing the 2nd generation in-situ

pilot plant and establishing local EK technology in Taiwan.
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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 electro-
osmosic flow in heterogenous medium, especially in
low permeable soil; (2) easy control of flow direct-
ion; (3) high removal and degradation efficiency; (4)
high economy. To establish pilot-scale operation pa-
rameters will be beneficial to promote in applica-
tion

The aim of this project is to design a 3-D
pilot-scale EK modul and conduct a series of soil
remediation experiments investigate the effect of
electrode area and potential gradient on remediation
efficiency. The cooperated consulting firm will
provide funding to establish the EK modul. Three
meetings were held in NUK to discuss the design
criteria. The conclusions of critical designing
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requirement includes,

- The size of 3-D modeul is about 1 m x Im
x1m, with mobility;

- There are enough space in reservoir to put
more electrodes and the electrode position
can be adjusted;

- The input of processing fluid is under aut-
omatically control;

- The reservoir pH, ORP, electro current/volta-
ge should be monitored.

- Sampling process should be convenient.

The 3-D pilot-scale EK modul has been
established. Considering reducing cost, hollow stain-
less electrodes are selected for test. The soil loading
can be flexible adjusted. Twenty-five sampling ports
are set for every 25 cm depth in modul. The pH
meter, ORP meter, electrovotage meter are set in the
modul with continuously monitoring. After pass the
preliminary test-run, a series of EK experiment will
be conducted.

Keywords: Soil and Groundwater; Manuscript
Writing
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site in Pingtung County (2" year)
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Abstract

The contaminated site proposed in this study is

located in 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

1024 /7 £ 38 RH T KT 3 806 3 4% 8
BRI R R R B R e

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 to compare the
results with different remediation treatments.
Earthworm (E. fetida) and petroleum-degrading
bacteria (Pseudomonas sp. NKNUO1) were applied
for bioremediation, while Poplars (Populus bonatii
Levl. ) and Sun Hemp (Crotalaria juncea L.) were
utilized in the phytoremediation practice. Soil
analysis results showed that the removal rate of TPH
in the three bio-phytoremediation plots ranged from
39% to 99% and from 59% to 99% in the two
phytoremediation plots. The analysis data also
revealed that TPH was below regulation criteria in
some soil horizons. However, heavy metal
concentrations were not reduced obviously and thus
most soils were still highly contaminated. Plant
growth and physiological investigations indicated
that the two plants were healthy and suitable to be
used in this remediation study. The concentrations of
heavy metals in the plant tissues were used to
evaluate the removal efficiency of the contaminants.
The results of tissue analysis indicated that the four
metals were absorbed and accumulated in the order
of Zn>Cu>Ni>Cr. To explore in more detail, the
biomass and the heavy-metal contents of the studied
plants were used to evaluate the removal amounts
and the results were as follows: Zn( 84 g)>Cu( 1.93
g) >Ni (1.45¢g) >Cr (0.38 g) . Comparing the
heavy-metal removal amounts by plants to the total
heavy-metal contents in soils, we found that the
phytoremediation effect is low and hence it takes
long-term practice to reach the recovery goal.

Keywords: Soil contamination, Heavy metal,
TPH, bioremediation, phytoremediation

49




& #a
-~ &dh@ B
AP FHH AR LR om0 F

2T AR RBIRERE Y ”]{/%@E’:'F%m
AR HE oL FiedaEE s 1,800 3 ok o
ARFAP B S 2 RTRRLTE
ProtF 2 ARP DA MAFRTE (el
FiAME) BHEAGRTE (9 PHESHBR)
el A4 IR T A LR 2 P& (An, 2005;
Carman et al., 1998; Collins, 2007 ; Eijsackers et
al., 2001 ; Rentz et al., 2003 ) - f pF » 7= 7 "% i &
ﬁiﬁi%’@ﬁ%@ HF LA ok R T
Koo RS ﬁfﬁ“féfmﬁ 4‘5‘&(4\4 b )ES Fe oo gt
“h > #5447 ( Bioremediation ) 2245 4 {2 ¥
( Phytoremediation ) #Z% & * >t73 A3 > H %2
BT AL LRI ERE R 2 5E 0 AR

F R TORF AR HER A Y - E T e
ZoHHayE

L BRI R o I Vi
BEEEE A EHTHET - PO 2 B
Wi 2Hes o Rl- BEkw > HY CK &
&5 42 4R E(Control) s HA4T ¥ 4 AL
He¢ BPI-BP2 2 BP3 & ppit{id rafs
iR 5 2. :#5% % (Bio-phytoremediation) > @ PRI1
PR2 Al 3 8 AHEA R T2 3% F o 2 ERFH 2
WHRED CRBHRFEE - AR T RB%RE T
BARTRFZS T IRFEELIT i 4
AEBEREESIT R TREFE o LR 2P
Feoi(l) #mkFHER eI REFEL LT
W RmE AT e NREEF S S RL LG
2.2 GRE RFLFTAPEfE%nE (2 2540
TR T D ERIEEIA s RAT R L
2 EE RS E A TPH 2 p o (3) 2 4
THEKG T FEE - L 0 PHT S AL
Barortitecd TPHEE &5 42 0 ae(4) 2
BHEEES  HEEIREFTPHE L2 A7 £
/,,\+fr %%‘l‘lf‘ﬂ"—ﬂ]:frzii*i; o H o AR RE O
22 AR 2 11 »TPH 2 # i#|( NIEA S703.61B)
GEBREPSLE 40K AT TR A 47 TPH 2 &
;g gffg,¢+%ﬂ | i 75 NIEA S361.63B i 7 » 7

OB VEER &) “-“‘w}f‘@I‘*’ (B iz~ FFEEEH) 2
iﬁ’ﬂu&+uk%$@(AAﬁﬁiJ“ﬁé
2 EEHFTEC) EFAEALERERAT
o GHE SBRRL27E2ERE ¥ %%’FE
WEFEaBs 247 Frsstreed oy - 4
Aﬁ*%pwﬂhﬁiiﬁé“f%”Wﬁ%ﬁ
P 2task™ 2 RAE B mfs = ﬁ’xﬁv\ﬁ#
% (65%2. HNO; 2 70-72%2_ kB & fe ) of v 2 >

50

ERVY R TR X SRS SO RIS -
Fo(6) RVIETH kI AT WA T
T2 A S SRR T s o

W~ ERANE

”%ﬁé%&\?ﬂa?ﬁ*”éﬁ%ﬁ
;‘,{’%:}fgﬁa’klwiﬁ,ﬁ’ 7k y & N i‘fﬁ‘?“!"_ O
WG g 2 R R wmﬁﬁp’
naAFREreE LR R G L 3R O RAH
TACE o pleb s AR A H4p T T 28 sl
ﬁ@ﬁﬁ’%i%ﬁﬁiﬁ?aﬁﬁ%%ﬂ“f
W WH LT P EER o HE LR
FHERERR e AT o TR R T R E o W
BR T 5 AP E T 5 AT FEE
g;g,,;gxﬁp CEFPIEZ A AT

=

"&

(=) 2HHEFTHRE
AP T 20 B G ARl E B L iR

F' % TPH > & H 2w uifsks (6 2 ¢ 2 0k
R o2 1 A3 FHAFA BT 28
TPH » 4754 % 2 ¥ 4 4 7 % (BP1-BP2-BP3)
2ZE- AHRBEEF LA ATGE - X (101 £ 5
1 22p ) @mtEA 4T % (PRISPR2) P52 %
Eamisz B0 (101 & 81 13 P )od=Hp 2 4%
Bs 0~100 24 » 5 %A 102 &w 7 425 £ 120
DA e dkEl o d AP FHEBR S8 ER
LRTH o L% EL TPH 54 7 FA2R 2 %
Mo ARz BkAEM T BPld 87,501 mgkg
#3 43,185 mg/kg > BP2 ¢ 14,878 mg/kg ' % 2
Bis 4 F 180T 5> PRLY 51,721 mgkg B 1
7,296 mg/kg > PR2 d 73,661 mg/kg 3 56,757
mg/kg » & BP3 i G|* 5 d 76,524 mg/kg # FF
3 81,769 mgkg o ﬁfrﬁﬁﬁx - 1 kiR
&ﬁw’—@4#&Taxﬂmk&%¥%ﬁp
%4 i BRI g e T RIS AR
R L Rt EEER R R R -
B A AT 3996~1009% & H kB AR SR L2
BP1£Em2ﬁ§k’%1m)ﬁlﬂ)\ﬁ4%]F’ﬁ
CIEN & r:ca- s e Ag o ,ﬁ\ﬂ'ﬁA}LL"" 939%
~1009% > & 304 2 B2 kR e MY D S 4 F)
T o 3305 A HE 2 BP3 T B4R $ 2 o A o
LIRS SN S VAR ROER SRR 1N S
# ¢ BP3-1-30 ~ BP3-2-30 ~ BP3-2-60 2 ik & {5 A
w % i 81,769 ~ 51,805 % 37,645 mg/kg > H k7]
f%%ﬁi%?@ﬁﬁwwwﬂ\gﬂﬁﬁﬁ%
’fg,f—’\/r'ﬁ%’ui’(,\? éérsﬁ"gﬁ o pboeb s f‘zﬁi
Rk 2 O~60 }Q)LFI%~I%$M?%;EQ
FoPRETHERT AL AL FRER L
2% % (PRI 2 PR2) TPH 2 k& % 1t

IMfEART R
ABFAE S R T RN R R BE M2 4R

il

1024F % £ 3 2 30 F ARIT J 506 K &4 )
HREEG AR ARERE



oo TEcd K2 ER I IESLE RS 229 PAHEREERAWE
N / / 2l _}/\ « .
T e K ——&4%”5 4%%,‘544?%'; 7 & o o, Cu | Zn | Ccd ‘ Ni ‘ Cr ‘ Pb
(mg'kg)
N P BP1 9.50 1850 0.25 9.75 1.00 ND
% 2 tg TPH ~ *fr IE BP2 9.00 975 0.25 6.75 2.00 ND
7d 7 {8 A 9 fEA wiEA | BEA s EA | 7 EA | R . > i - .
522101 | 1212102 204102 421102 64102 817102 1w | Jarks BP3 9.00 1725 0.25 13.5 0.25 ND
ﬁf.l;};‘ NIEA $703 618 . RP1 10.8 2750 0.25| 14.8 2.00 ND
e me/kg 6 -
BP1-1-30 | 69074 | 1510 974 324 | 4923] 18361 426 99 RP2 8.25 2050 0.25 7.25 1.50 ND
BPI-1-60 | 60939 | 2618 | 3171 925 | 2320| 19936 22 o8 CK 9.25 548 0.75 5.75 1.00 ND
BP1-1-100 | 42009 | 30280 730 | 60002 | 27099 | 11493 | 13185 +2
BP1-1-120 — | 26339 | 489s2| 37328 | 23685 | 3s421| 33 MDL 0.24
BP1-2-30 | 46026 212 210 05 | 2526 458 | 1713 96
BP1-2-60 23952 26 859 36 1009 5868 834 96 ) L -
BPI-2-100 | 51159 | 18680 | 129571 | 1327 | 3191 322 3443 93 %3 X [F [ﬂifgﬁﬂ T2 E
BP1-2-120 — | 87s01| 9s63s 98 567 | 1419 08 y - -
BP2-1-30 | 10673 480 50 ND| ND| a178] 46| 99 HH Cu ‘ Zn ‘ cd ‘ Ni ‘ Cr ‘ Pb
BP2-1-60 3512 46 101 ND | ND 674 ND| 100 i (mg/ke)
BP2-1-100 <15 78 | 19488 39 173 ND| ND| 100 -
BP2-1-120 | 20%68] 1726] 153 ND| ND| 100 it
BP2-2-30 | 10380 | 31594 | 35149 ND | 713 442 83 99 MDL 1.25 0250  0.100 595 1.25 238
BP2-2-60 764 D 543 728 | 1078 384 ND| 100
BP2-2-100 | 14878 3579 | 1658 3312 ND 101 583 96 CK 9.99 44 0.397 749 ND ND
BP2-2-120 | 2s992] 3ws6¢| ND 1830 ND| 100 BP1 174 161 ND 15.0 6.23 ND
BP3-1-30 | 76524 | B2542 | 69831 | 13620 | 30949 | 73560 | 81769 -6
BP3-1-60 15102 | 118805 | 33683 42425 | 21802 7109 692 99 BP2 10.0 200 ND 7.50 1.25 ND
DPI-1-100 | 16937 | 89566 | 3083 | 33696 25621| 2337 ND| 100 BP3 125 203 ND 125 125 ND
BP3-1-120 - | 11819] 16693 | 10553 274 ND| 100
BP3-2-30 16779 1535 3638 8825 | 10942 2861 | 51805 | +208 PRI 21.1 659 ND 27.7 19.8 ND
BP3-2-60 11193 6584 4487 4731 7353 15644 | 37645 +236
BP3-2-100 | 7421 2302 4702 ] 3579 | 10622 | 15458 | 4504 39 PR2 17.5 187 0.160 225 125 375
BP3-2-120 316 352 ND | 713 142 83 99 i
PRI-1-30 | 28260| 7183 | 20712 12890 21125| 7192 ND| 100 — -
PR1-1-60 9756 | 11904 - | 3723 65334 161739 ND| 100 CK 1537 76| 0159 26.2 61.0 ND
PR1-2-30 | 17291 | 4628 | 3746 | 4383 | 1879 | 3231 6970 50 BPI 30.6 285 0.206 25.7 38.6 ND
PRI-2-60 | 51721 525 | 2154 | 1773 | 34| 37578 7296 85 - -
PR2-1-30 | 42520 1178 | 1289 2318 | 2365 963 | 2536| 94 BP2 56.8 515 ND 23.1 302 284
PR2-1-60 | 73661 | 9600 | 142022 | 3262 | 1435| 26539s| ND| 100 BP3 303 440 ND 238 325 6.50
PR2-1-100 | 34555 112 37] 1964 ~ND| 12043] ND| 100
PR2-1-120 - 2110 2279 ss4| 3218 ND| 100 PRI 54.1 1083 ND 32.0 19.7 ND
PR2-2-30 65827 45699 24809 30648 2581 6816 280 99 PR2 425 1836 ND 53.7 487 ND
DR2-2-60 | 23476 | 11602 | 73247 63331 | 10380 | 8482 56757 | +141
PR2-2-100 | 73661 | 3921 14 224 | 11606 205 | 4261 04
PR2-2-120 —| 3so0] 1o 4m2| ese| 212 8 peth o ez A4 RRREHE 2 T 2 9%k G
15 v ,
o kp g4, L7 fR2v hs A H-H 2 4{'i
o X ") v — ™A
Eade® AL T RS AL L A R i % i " f ’ Wﬁ“’ * ‘ ‘*L .
2—;f?ﬁmﬂ‘ﬁm N PP H"ﬁﬂ@ﬂ@%ﬂxéﬁﬁiﬁiﬁﬁﬁ$ #e
i;k A A (9%6)= ((Befs- SplE—%- ZplE) /%- = DA e e s ol e AL B wy s g, .
Bl & ] %100 kLT 2 Pl RN A 40 & L-,?!J = a‘ﬂ
4><1\#1f‘34‘ VFIiﬁFﬁi‘r‘"mé\p B -E’ﬁ/}t“;_,lf_ﬁ_’_%j& 4 2. ovg] sl N a
B E H 5o %ﬁ’/i*b'f*4ﬁ%£1# iﬂ
. = m
ﬁ%f*&ﬂ&ﬁ#wwaﬂa ﬁﬁf
- <= -
3 K v
(=) HAHEFTAR FE4EaaEnd o4 \JM;;%;?F 1 RE
=4 28 T 2 3 4 s A N v +e9 X . P2 Jok
m¢&s~;$;u¢ 9 1 ATE - B %%g%mﬁﬁwm&«%wﬁxg(Fm)
2T T e A FF ) Lod, W % B9 . B / , P
)-‘I{Tﬁyfﬁ‘ﬁb’f TF “ﬁk‘ffﬁ@&#)‘ BlEES o AR A WE L DFE/F, A kS LK

BRfEM 2 £ £ K7 EiFirL o mE s
e Pk E2 L TReE &Rk
ﬁ%ﬁﬁﬁ’%U¢ﬁﬂ%i@@7ﬁ4/

|

%ﬂ

WE}{-@:& ﬁ"

’9
Eok 20k 3L 0 PSSR L &)
A\‘f‘r.ﬁ‘ﬁ%f’%“&ﬁ# B b BRI R 2 0 M
BABHHIE?P L LRI ARERYER
BOIHSFAERSZ In T3 R LS RH
ﬁ’Mi%’#ﬂi§CwﬁQ°é&ﬂ%ﬁﬁ

g SIS ¥ SRR

1m# JE 3R RO KT e s K e A Bl
R HBRRE RS

P T RE %Eif%m?ﬁiﬁﬁt

T2 ot ki 8
e CER R Y o HiE B PRk

A=
-

T

2 ik

e o F/FBiciE B0 83§ #icr 330075 2

ﬁﬂfzmﬁ#’ﬁﬁﬁgﬁﬁ’%@%ons

Pl B % % 2 2 i (Critechley, 1998) - d 4 ¢
7

ol
u%‘&
&

) ”'“r’ﬁ etk Fv/Fm &% 37 0.75 >
LRZBETTAEFLR FV/Fm—"-&’J'* ¥
B 076210 F 4 @aAR %J:%c R Y AR
WP AL A mTEREE R LR
BT SRS Y e g’d&&mfﬁx M R
AR A2 E A R Y R

-

51




LAV pHEE R BT T

#7 6 L EEBBGE

A RASZS G RE FAE  LHFLE(Pp<005)-

o A F B (umol COf m’s") SRl Cu ‘ Zn | cd ‘ Ni | Cr ‘ Pb
CK BPI BP2 BP3 PRI PR2 o
: e F— | 0056 7.09| 0002| 0076 | 0027 -
2 202 225 24.2 27.5 24.0 24.0 S
3 23.5 23.8 24.8 216 245 228 FITX | 0132 26.1| 0.004 | 0.184 | 0.021 -
4 26.5 241 25.0 224 225 22.0 g%ﬁ 0.188 33.2 0.006 0.260 0.048 _—
meanSE | 24.5£1.7% | 23420.3" | 24.7202° | 23.6513' | 23.120.7° | 21.84L.1°

%3 E EBPE L ND o &= E#%

38 TP EEHE LHEE

- FO - Cu Zn Cd Ni Cr Pb

LS HESE S LB Rt kK g | [ed [N [ o |

. B FvFm (4 Kl 1.74 508| ---| 1.19| 033
T ex BP1 BP2 BP3 PRI BR2 Sttt | oass| 332 0006 026 005]

1 0.824 0.771 0.795 0.811 0.774 0.790 ”

”'Eler?% 1.93 84.0| 0.006| 145 038) -

2 0.787 0.762 0.754 0.821 0.777 0.783

3 0.802 0.764 0792 0.788 0.765 0.773 ZE £ HRIES ND o & 4 e

4 0.777 0.813 0.807 0.779 0.790 0.771
meant | 0.797= | 0777 | 0787+ 0.799+ 0.776x 0.779= &%

SE 0.010™ | 0.012° 0.012° 0.010° 0.005" 0.004°

TARASL ARET A K LHF AL (p<0.05) -

(=) ﬁﬁ’%*ﬂ??&ﬁ?ﬁ*ﬁ
%Fwd’ﬁﬁﬁW€$%“§;mﬁﬁw

0 Zn~Cu~Ni~Cr &7 % % HM? %35 % h

ﬁm@’ﬁuéﬁﬁﬁéﬁﬁ’%%%ﬁirﬁ

BT A2 BT SRk A E L B
AR P e AP F MR SR BTS2
I B IR T 197}1"‘? P EBIRA T E

s EAYREdBEIFE (MicE) &2
REEBERVTHE B SR - L5 FR(£6
~% 8 sHBHHELLEBZETHBLEERA L Zn
(50.8 g) >Cu (1.735 g) >Ni (1.186 g) >Cr
(0331 g); e ML EFH2Z TG EEA S
Zn (332 g) >Ni (0.260 g) >Cu (0.188 g) >
Cr (0 048 g)e ¥~ B & o AT £ éi’i?&%%‘,ﬁ%:%_
TEREABLE FTAERHE L
Z AT %E w5 Zn(84g)>Cu(193g)
>Ni (145g) >Cr(038g)° ' B EEET B
BRRHGELE LA 5 R Zn 1084 kg ~ Cu 27.5
kg Ni21.0kg~Cr47.0 kg 4p# > 2 45 "f RPIRRCAE

S LS TE PR RS SR

4l 3 19 N

ﬁé’*W%ﬁ&?ﬁ%iiﬁiﬁﬁﬁ%ﬁf
PofaEMa T  RTEERTANE L Al
‘FF\’ o
26 ~BHzEL s BB %E
HEE] cu | 7zZn | cd E\ Ni [ o | pb
E—H] | 0753 22.07 — | 0514 0.143
BTH | 0479 1404 —-| 0327 0.091
HEEHE | 0503 14.69 | 0345| 0.097
i%E' 1.735 | 50.80 ——- | 1.186| 0331
AL ERHRES ND g R
52

FEAVEAERZRGFEEFR 6 P
AR R AFREGIATEY S A EE
ER I +4g1?Hy§1feiﬁ*t%ﬁd§’%%ﬁp
e EIRTHIELEH LB G EA K
@?ﬂﬁa,wﬁ%Xﬂgdmﬁs%ﬁ\%ﬁ
TS PR AR AR R TS A T
iﬁﬁﬁ%ﬁﬁi’rgwm;’ﬁ?ﬁﬁﬁﬁ
Bt AR £ 5 gt eh o d 2t d R kbt
BEFIRLFEY HEAPLHRRST
EMA B KRR PFE AL S e
S0 PHE AB L REAT RS H BN
BEA R RIEIRTZ AT -

P T

[1]. AnYJ (2005) Environmental Pollutio,. 134:
181-186.

[2]. Carman EP, Crossman TL, and Gatliff EG

(1998 ) Journal of Soil Contamination, 7(4):
455-466.

[3]. Collins CD (2007 )Methods in Biotechnology,
23(1): 99-108.

[4]. Critcchley C (1998) In Photosynthesis (ed AS
Raghavendra ), Cambridge: Cambridge
University Press, 264-272.

[5]. Eijsackers H, CA Van Gestel, S De Jonge, B
Muijs, and D Slijkerman ( 2001 )
Ecotoxicology, 10(1): 35-50.

[6]. Rentz J A, B. Chapman, PJJ Alvarez, and JL
Schnoor ( 2003 ) International Journal of
Phytoremediation, 5(1):57-72.

\\\?{r

1024F % £ 3 2 30 F ARIT J 506 K &4 )
B R REL AR R R R R









& -

MR

RN ERBTRBZ ARG

Occurrence of Emerging Contaminants in Taiwanese Groundwaters
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Abstract

Previous studies have shown that emerging
contaminants cannot be removed completely during
wastewater treatment processes and have been
detected in our aquatic environment. Among all
emerging contaminants, most frequently detected
compounds are pharmaceuticals and personal care
products (PPCPs), hormones and industrial
pollutants such as perfluorinated compounds (PFCs).
These contaminants may enter into groundwater
system from surface water through various pathways.
In Taiwan, groundwaters are often used for domestic
consumption, agricultural irrigation and industrial
use. Consequently, the occurrence of emerging
contaminants in groundwater can be a potential risk
to human health. The analytical methods
(solid-phase extraction combining with liquid
chromatography-tandem mass spectrometry) of 50
emerging compounds in groundwater have been
developed this year. The method detection limits of
all target compounds range from 0.05-5 ng/L.
Recoveries at this concentration level range from
67%-118% except for PFDoA and gemfibrozil. This
is the first work to investigate occurrences of
emerging contaminants in groundwater in Taiwan.
Groundwater monitoring wells in Taipei and
Hsinchu area were monitored in March and June this
year and the temporal and spatial distribution of
emerging contaminants were investigated. Results
showed that 40 target compounds were found to
occur at the ng/LL concentration level and 3
compounds reached M g/ concentration level,
including Acetaminophen (1.0 M g/L),
Sulfamethoxazole (1.8 M g/L) and
17a -ethynylestradiol (1.8 M g/L). In terms of
detection frequency, the most frequently detected
eight compounds were all perfluorinated compounds;
this is likely due to its persistent nature in the
environment. On the other hand, O2 monitoring well
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has the most number of target compounds found (35
PPCPs and PFCs). The result is significantly higher
than the other monitoring wells and is consistent in
the two times sampling. All the monitoring wells are
close to clinics, pharmacies, wastewater treatment
plants and electronic technology factories. Studies
from other countries and the results of our previous
works have identified that these sites are the sources
of emerging contaminant pollution. For future
investigation, it is important to continuously monitor
the most frequently detected compounds as well as
the specific monitoring wells which have found to
have higher occurrence of emerging contaminants.

Keywords: Emerging contaminant; Solid-phase
extraction; LC-MS/MS; Groundwater;
Occurrence

Sl &:F 3

FEBISAY e FE ALY B E
;uT%&F@ébﬁﬁW%§mﬂﬁ¢&
ﬁé“%’?fi:}i‘i BRI R ER TR A
ﬁ%%%iJ\IQ»%ﬂfiwawﬁﬂ

;vgjzarﬁw%%tﬁﬁimﬁ’ EWLE

W

M
TE

YA ATEIT A I R 5 KAL)
£m£é$ﬁv%&&ﬁ$@ﬂmmvﬂﬁu%
R O N I R - SR R (R
LB EARRRI R BB F LT N R
Tk ITA D R KRR B TR g
Rk EHA T o SEAE S 905 BEF £
Tyag £ £ 197 Bep ik 21% £ T n £ 668
B T4% @ & T XA Tk R R L 40 REE ik
5%0;{ I-L—_’_r‘[’"/ﬁl "\4;[:/§£ %j;ﬁfﬁ‘ﬂzﬁ/
* J\—L?Hb/"i;}f"-«j\/& » BT T J\mf"’ﬁf&
%#%%?%%Tk%ﬁ’““’“%wfk’
B ROk s RE2 T E R Fpt R
FRFRELSE LB TRZIESLPFRE
APt my A7 23 % Kk

f&*?;f#i’lﬁvfé'%yﬁwﬁn F’%E_i“—[]\“‘
REE R PR RA G NAFLYEY
R ARBE A 472 % v e 2 a8 2 AT g B 22
ATEF AL R RME R 20473 2 F
ALoaE 2 50 BATEIT AP0 LR TR R
W Bl A AT HAEE B 7 S TR 2 B 0 2 2
TR - LR RE TR RS L2 0G T

o

= HEEFE

i ST R E S E R i
Foifde 2 s ok A LA A E Rk R

54

AFENAHDATEEERA T BERALF L
X OMrB R(EES!TEINAT ) UL SR EE
MRATE N EE SR FlRE RSS2 RiRE
e TOREPRE S0 FRHAEELE
ATE b R (FRRATHRAT ) PE AT R PR B
B A Pl kg ok 2ok TORE R IFL B
Bho FRIRBLFITAPM A FHET AR 1 BRI 2 ¢
Lo REHRA TRl ERz ER
@% iz g (B r g T2 s upa

mm#*¥h‘%&LﬁmLHl%ﬂ%ﬁﬁ
%Tﬁfﬁﬁﬁao%ﬁ%a%&ﬁﬁkiq&
(W) 2 F (B2 o T BT

A5 02 &3R5 PR B

2 ¥ TR IES

ﬁ*i%&“}%l%’?ﬁ*'{é/rﬁqbﬁ%rm‘&f’l; ?.»_*
PR IR TR PR -

SAE 2 14 BEEELE BTT A5 4R

W1 =

@2ﬁm£&76$%%%1 e

HEESF Y RII FE ST 3 S AT
BEAFERAGOLRENE > AFFNE DR
(127 ~4 7 )2 ERBEG P ~10 7 )& - =i
G AT o Rtk pH WG 2013 #3008 6p~3°
10 p (% - Z#HHE)2 67 20p~6 " 22 P (%= =%
) MR REREN I L ERRP R EE
B208 425 S0 R 4B 3THE H 68 -
BEAIHTLERE DT o PE YL ER

MERBERZ P RATES LS P12 F R
(2 D#FEBRN L T2 FH2 M F -5
PR 2 PR T TR A o

10247 % £ 3 BT K5 Je 46 I 20 8h
HREEGRBRARERE



& -

1 A ZHk2 Fa

5 R [l
Al ¥ - = ¥ - =

A2 - = - =

A4 - = ¥ =

A8 | %-= —

A9 - = — oA
All - = 5 - =

Al2 - =% ¥ o=

Al4 | ¥- =% -

Al7 | %-= | %-=

FI0 | %-= —

FI7 | %-=% | #%-=%

F24 | %-=% | %-=

F29 - = ¥ - = AT
F162 | % - = % - =%

Z1 - %:: =%

z2 — E

02 % - = %o =%

05 % - = —

012 - = 3T
014 - = ¥ - =

015 % - = —

2 5 - = — 200 B

S TS L E AR TR B S E R
P2 ERlE B TR A R R R B
(NIEAW103.54B) » 12 b 3§ & 744k » #-0 84 3
P 0 BT Rk R Bk
ﬁ*ﬁmﬁﬁ’iulmaﬁkfﬁ*ﬁim
HokiEd o AR R pH B~ FT R -
FAFT L e SRR e PR B2 ﬁ&&
j§§~—kxi"f§ ’fﬂ—%ib’ﬂﬁ’l“i/'ﬂﬂrﬁ%ﬁ
o MRBESZRENREL L A kT
4t » 4mL 0.25 M EDTA-2Na + & 22 4 5.¢ 5%

*”zwxmﬁk% D EER B 18T T

ERE - AR G s s S f‘s‘%ﬁ’fi*ﬁ &
%@ﬁ%%’éﬁﬁ??%i°£%$ﬁﬁﬁﬁ
i 02 pm iR RIBERELNT B
AR AIRT BRI SE L3 B kbR o A
Wi is 2 KRB D pH 4.0 230Kk R4
ForAChkm? » 532 pryrald o

o~ SRR

(—) BPHEATEF A5 30F B TR R 2
2l

AT B C ARR R AR B 4T 2 R v pr 2
W2 ATERE AL G R E R 28
W3 TR AHE R TR S0 EATES L4

ldﬁw%%?g%ﬁ*?ﬁH£@OMWM$Q#%%
Z o B iR R 5 0.05-5 ng/L 0 @ w T d R

1024 5 13 AT KT e ikn k&
FRBEGRBRRERE

A B

R A 67%~118%2 > ‘,% 7 PFDoA &
Gemfibrozil 2. #F » ' % e @ He Rl AiET 452 2 §5
R S R AL T DRl B
B2 45 -

(Z) BHEHELS S

a. + X ERGERY)

AL IT@FEA L ERQ0I3F 3% 6 p~3
P10 P )RR ERE 208 o S ot R
1483778 % 6 BLo MR Bl % 7 40 50 ﬁé P
FEBEFAY Gk FHFLIF2ZERBE ng/lL
EREH-H? 3HBAAPF 253 kRAET p gL
JE R E %o 4w i 170 -ethynylestradiol (1 8y g/L)
3 Ol4 HFEREAKRPIT B2 NERS
Sulfamethoxazole (1.8 P g/L)** OS5 # #gk2_ #& )
kB £ 4 5 Acetaminophen (0.9-1036 ng/L) »
Caffeine (1.2-931 ng/L) ~ Ibuprofen (17.4-837
ng/L) ~ PFHxA (6.1-358 ng/L) ~ Bezafibrate (0.1-257
ng/L) ~ Gemfibrozoil (0.1-172 ng/L) ~ Naproxen (128
ng/L); B4z B R £ 4 % 430 100 ng/L & 33T
b RE -

TR AU G G 0 R g2 e U
* % 5 % > H+¢ PFBS - PFHxS ~ PFOS ~ PFHxXA -~
PFHpA ~ PFOA -~ PFNA 2z # J134 5 % ~ 2t 80%
H =% 5 Acetaminophen % Gemfibrozoil (70%) ;
PFDA (65%); Sulfamethoxazole (60%); Sulfadiazine
% Sulfamethazine (55%) ; # '*ﬁ % Caffeine ~
Carbamazepine %* Estrone (50%); 2 42 p # it &
2 M AUVIE S MY 50% o @ L_LL 20 llﬂ%ﬁﬂh
¢ > Erythromycin-H,O - Clarithromycin ~ Pipemidic
acid ~ Norfloxacin ~ Dimetridazole ~ Metronidazole ~
Atenolol ~ Acebutolol ~ Naproxen % Trimethoprim
F oot 02 H R BhAk de R T -

ERIREE R R 0 20 BEIREY ’02 Er
B2 NP RGAAF AL R IGL ) A
Al12 ~ Al4 & O14 H# 1% 220 #2) ~ F29 # % 2-(19
18)  F10 4 % 8:(18 f8) » 1 ek B4 o1 0
BATEF AP B E £ 0-15 B o Rk iz p iR
ATEF RS0 BERT L E R DREE D
TATRE AP RS RRRRE - AR &
T 12 BE G AL AR ER AN G ALNA2
A4~ A1l ~ A12 ~ A17 ~ F17 ~ F24 ~ F29 ~ F162 ~
02-0l4iFTXEREWRRITF% -

b. T X ER(E-kI)ERE

ALERETEERQR013#67 20 p~6
122 p)Ek T F L ERETL LA
M2 12 BERFEFEHRDE(E D e+ 5
b HIOBE 3770 F 28 T ERB— & S0
HRZHEMTRE 2P EE T EFDL o &
- B 2 EAT RS A T o B & B
SEHRRUES AT 2B EATE R

55

3F 1




EXT

=k FEARZ T B R
WA XA T E ST 0 50 AP EATE

ﬁi#ﬂ’4¢43ﬁ9ﬂ#¢%wﬂ’ﬂﬂ$%
SHMA0O )P R ER Y F ngL ERE % G
10 f&1 &4 k& <3t 100 ng/L (% 2) > & %] 3
Naproxen (128 ng/L) ~ Gemfibrozoil (172 ng/L) ~
Bezafibrate (257 ng/L) ~ Flumequine (317 ng/L) ~
PFHxA (358 ng/L) ~ Ibuprofen (837 ng/L) - Cafteine
(931 ng/L) 2 £ 3 pgl Xk B ¥ % a4
Acetaminophen (1 p g/L) ~ Sulfamethoxazole (1.8
M g/L)f= 17a -ethynylestradiol (1.8 p g/L)> @ H &
Pt &2 kR M 100 ng/L > ¥ ¢k
Roxithromycin ~ Tylosin - Sotalol - Ketoprofen .
B -Estradiol ~ Estriol ~ PFDoA & =t &7 %
AR R R RHRY) o @ T it Hﬂ
¥ » 17a -ethynylestradiol 82 £ 3 # 8 %ﬁ* uk)i ’
W 014 B2 % - R R ) =
&Lé%éﬁwﬁﬁﬁﬁ’ﬁﬁi’ﬁiﬁﬁi
ERERGEDER BRI EP LR - VR
I}%}ﬁ%ﬁ’\&}ij\'ﬁ A RREREES X2 1208
ERE P O2HBFEERNPIRSAFEE Y 5B
B(H - K34 5 K26 Jf;é_) > 8
BAAywDER (B3kK S 1820 ng/L)7™p
B3 Heo R -wIHESF i Al 025
& (B kAR S 298 ngl) % & Al2 ~F29 i
2 014 é020 #8(3 % B & 5 1822 ng/L)> A4 718
A (BBkRS 93 ng/l) H s TR 2 k0K
£ % J R EN IS ¥ b fﬂsbiifﬂ B Py %
= -}bin‘gpé—;e;;ﬂr}?’,g 2. b pEHE 2 TR
A R BT A2 AR A AP RR
A - R R T ATRFLR

% 3 #-E ﬁéﬁ ARy 2RI d 310K
SRS TS EE R
AL s A it 2w 5 PFHpA (100%) ~ PFNA
(100%) ~ PFHxS (97%) ~ PFHxXA (94%) - PFOS
(94%) ~PFBS (91%) ~PFOA (85%)% PFDA (74%) »

\1-_ \gﬁ\m

,\“'

’ g|a

¥ 4 ¢ 2 % L & 5 Caffeine (71%) %
Sulfamethazine (68%) « ¥ *t:B3 4 4815 4+ 2 &

DHE g% 3 R E A 50% 0 4 B 5 Sulfamethoxazole
(62%) ~ Sulfadiazine (53%) ~ Gemfibrozoil (50%) %
Carbamazepine (50%) ; H 4 36 873 4 4~ 2 # 1 4F
FyolawS50% a B 5 230 HRGFEAF2ZHD
aiﬁ:’;: A 10% o
FUERBERIL RS SN TR B2 PR
MEAAPHIEF PRI AP ELR o T B
S ERS T Ha:ﬁéo\ﬁ T4k B AEYT B}
3 2008-2010 & 2 < 54 ~ #7750 B Ep\ﬁTE}/'s A

;}L;,%« BoA R AT p%#gkbﬁm’ﬁg%ﬁP%T J\d
FEEAP B ARER AR ERELBR A 4 o
56

L2 A BE R 42 100 ng/L 2 B RS A 4

TkH wiHiE wHREER
£ (%) (ng/L)
17a -ethynylestradiol 3% 1822
Sulfamethoxazole 62% 0.1-1820
Acetaminophen 44% 0.9-1036
Caffeine 71% 1.2-931
Ibuprofen 32% 7.0-837
PFHxA 94% 2.7-358
Flumequine 15% 1.0-317
Bezafibrate 29% 0.1-257
Gemfibrozoil 50% 0.1-172
Naproxen 3% 128
3 WS L2 PiRA R
= R et R $6
RY (%) (ng/L)
PFHpA 100% 0.2-46.3
PFNA 100% 0.2-9.7
PFHxS 97% 0.2-9.3
PFHxA 94% 2.7-358
PFOS 94% 0.6-76.8
PFBS 91% 0.6-5.2
PFOA 85% 0.1-40.3
PFDA 74% 0.1-5.6
Caffeine 71% 1.2-931
Sulfamethazine 68% 0.3-28.9
B HwmREs
. ~1 iv@|Fe 22 50 AATEF L4 2 kA
W2 EE A EE R B RHRUER S
0.05-5 ng/L > & 2P HFAPFERZ PR
&R E T ppt (ng/L) & &2 2o
2. Wk E(QR013#32 6 p~3 7 10 p)3 ®K
HQR013&F67 20p~6 " 22 piEi7s o (14
BEREE 2 BHFEMEERF)EATAE RO
BRI TR AT =S S0 AP R
FEFA I GRRIg  HET A 8L F ik
A0FB)P B2 kR Y 5 ngL ERE%R H ¥
7 10 At &4 kR~ 100 ng/L > » % 5
Naproxen (128 ng/L) -~ Gemfibrozoil (172
ng/L) ~ Bezafibrate (257 ng/L) ~ Flumequine (317
ng/L) ~ PFHxA (358 ng/L) - Ibuprofen (837
ng/L) ~ Caffeine (931 ng/L)% £ 5|y g/L kA &
B e Acetaminophen (1.0 J g/L) -~
Sulfamethoxazole (1.8 M g/L) fe
17a -ethynylestradiol (1.8 g g/L) °
KN R N T A A R
>4 it$ > 27 PFHpA % PFNA z_i& J 4 &
H3 33 100% - )%'r?’v’é‘b ﬁ&rL#*Iﬁf‘
PR R B AFRAEEG Moo gk ER A

10 ng/L ® #f & % 3-E 30 SO%i i B
#8 > 4~ %] 5 PFHpA ~ PFHxXA - PFOS ~ PFOA -
Caffeine ~ Sulfamethazine -~ Sulfamethoxazole ~

1024F % £ 3 2 30 F ARIT 506 K &4 )
HREEG AR A RERE



& -

Sulfadiazine ~ Gemfibrozoil % Carbamazepine )
FARPHECTERFFLEER > v RoH

AP LAY L2 ATEFLY o

+ KB (2013 # 3 2 6 F~3 % 10 p)& & k)
(2013 2 6 % 20 p~6 " 22 ) ~.51+ﬂ$%£@;%
G T 2 EFLR o PHERTFE

K B ﬁ&if%ﬁﬁyﬂtf&’ﬂ&u

# ’k%ﬁmfﬁ@@mj\ FooXEBRRED
MR AR o L F o d A RS
RBEATES A2 A4 RARL G ERIE T
T A A BE 2 AR LA
E AR T TR A AT o 5 d B SRR AL 12
BERE? 02 BN ETLFA
55 B 5 (3548) 2 142 B kA& (1820 ng/L)
PREBHERKRREY A &L G L4
Moo H=t i Al~AI2~F29-014 2 A4 2.
B4t s 1825 BB IER 5
9.3-1820 ng/L #F%] o ERA KT FH LTS
BEREREFIBESLP MDA -

LA ERTA R B2 P RATEF AR T L
AN EPEERBALR B AFT B
2008-2010 &2z « S ~ 3T 8 ®H 2 AT T L
Forp ARz Rl ROE IR AR e TR
MESAPEEARE R AR ERLABR D
Lo RITUEFTERF A e A KB N T k2
AR o SRR F LR A B R
REMBA > d MRMBFAF 2L HHET R
B AR > €3 973 ko> 7 av § BRIWA T
%ﬁ%%?¥ﬁ%¥1kﬁ’?ﬁ%%@ﬁ

FHeERG %ﬁ 85 A4t r/?“*
ToRMZ RFERGF WE’Ui&fTLﬂ#
L2 RTEE AP o

g E SR R RATET B R o Fls
B~ TR RITR R T AR A B2
%ﬁiP”@%%afﬂwm?£?uj%

i:l_.bbiiég' /’54‘#7” ;%-%./54'1/}/‘1—7 F L;f‘”ﬁ
FRA R Hrpl Lo T oRY AT AP 2T A
el 4/&'5? ° 2-@&;\ j\gb;}’f‘g‘@f’rﬂﬂﬁ;@ B F- BRI
BFAdRREETFIoRG -
A S e
[1]. NAQUA (2009) Ergebnisse der

[2].

1024 /5 138 BT K5 2658

Grundwasserbeobachtung Schweiz (NAQUA).
Bundesamt fiir Umwelt BAFU, 144.

Sacher, F., Lang, F.T., Brauch, H.J. and
Blankenhorn, I. (2001) Pharmaceuticals in
groundwaters - Analytical methods and results
of a monitoring program in Baden-
Wurttemberg, Germany. Journal of
Chromatography A 938(1-2), 199-210.

F 2 AHBh

B RMAET R R R R ®

[3].

[4].

[7].

[9].

[10].

[12].

[13].

Hirsch, R., Ternes, T., Haberer, K. and Kratz,
K.L. (1999) Occurrence of antibiotics in the
aquatic environment. Sci Total Environ
225(1-2), 109-118.

Lindsey, M.E., Meyer, M. and Thurman, E.M.
(2001) Analysis of trace levels of sulfonamide
and tetracycline antimicrobials, in groundwater
and surface water using solid-phase extraction
and liquid chromatography/mass spectrometry.
Analytical Chemistry 73(19), 4640-4646.

. Loos, R., Locoro, G., Comero, S., Contini, S.,

Schwesig, D., Werres, F., Balsaa, P., Gans, O.,
Weiss, S., Blaha, L., Bolchi, M. and Gawlik,
B.M. (2010) Pan-European survey on the
occurrence of selected polar organic persistent
pollutants in ground water. Water Res 44(14),
4115-4126.

. Bartelt-Hunt, S., Snow, D.D., Damon-Powell,

T. and Miesbach, D. (2011) Occurrence of
steroid hormones and antibiotics in shallow
groundwater impacted by livestock waste
control facilities. Journal of Contaminant
Hydrology 123(3-4), 94-103.

Vulliet, E. and Cren-Olive, C. (2011)
Screening of pharmaceuticals and hormones at
the regional scale, in surface and groundwaters
intended to human consumption.
Environmental Pollution 159(10), 2929-2934.

Heberer, T. (2002) Tracking persistent
pharmaceutical residues from municipal
sewage to drinking water. Jowrnal of

Hydrology 266(3-4), 175-189.
Carrara, C., Ptacek, C.J., Robertson, W.D.,
Blowes, D.W., Moncur, M.C., Sverko, E. and
Backus, S. (2008) Fate of pharmaceutical and
trace organic compounds in three septic system
plumes, Ontario, Canada. FEnvironmental
Science & Technology 42(8), 2805-2811.
Swartz, C.H., Reddy, S., Benotti, M.J., Yin,
H.F., Barber, L.B., Brownawell, B.J. and Rudel,
A. (2006) Steroid estrogens, nonylphenol
ethoxylate metabolites, and other wastewater
contaminants in groundwater affected by a
residential septic system on Cape Cod, MA.
Environmental Science & Technology 40(16),
4894-4902.

. Musolff, A., Leschik, S., Moder, M., Strauch,

G., Reinstorf, F. and Schirmer, M. (2009)
Temporal and  spatial  patterns  of
micropollutants in urban receiving waters.
Environmental Pollution 157(11), 3069-3077.
Maeng, SK,, Sharma, SK.,
Lekkerkerker-Teunissen, K. and Amy, G.L.
(2011) Occurrence and fate of bulk organic
matter and pharmaceutically active compounds
in managed aquifer recharge: A review. Water
Res 45(10), 3015-3033.

Vulliet, E., Wiest, L., Baudot, R. and
Grenier-Loustalot, M.F. (2008) Multi-residue

57

3F 1 3R




[14].

[15].

[17].

[19].

[20].

[22].

58

3 15 A

analysis of steroids at sub-ng/L levels in

surface and ground-waters using liquid
chromatography coupled to tandem mass
spectrometry. Journal of Chromatography A
1210(1), 84-91.

Kolodziej, E.P., Harter, T. and Sedlak, D.L.
(2004) Dairy wastewater, aquaculture, and
spawning fish as sources of steroid hormones
in the aquatic environment. Environmental
Science & Technology 38(23), 6377-6384.
Moody, C.A., Hebert, G.N., Strauss, S.H. and
Field, J.A. (2003) Occurrence and persistence
of  perfluorooctanesulfonate = and  other
perfluorinated surfactants in groundwater at a
fire-training area at Wurtsmith Air Force Base,
Michigan, USA. Journal of Environmental
Monitoring 5(2), 341-345.

. Carlsson, C., Johansson, A.K., Alvan, G,

Bergman, K. and Kuhler, T. (2006) Are
pharmaceuticals potent environmental
pollutants? Part [: Environmental risk
assessments of selected active pharmaceutical
ingredients. Science of the Total Environment
364(1-3), 67-87.

Lin, AY., Yu, TH. and Lin, C.F. (2008)
Pharmaceutical contamination in residential,
industrial, and agricultural waste streams: risk
to aqueous environments in  Taiwan.
Chemosphere 74(1), 131-141.

.Lin, A.Y., Yu, T.H. and Lateef, S.K. (2009a)

Removal of pharmaceuticals in secondary
wastewater treatment processes in Taiwan. J
Hazard Mater 167(1-3), 1163-1169.

Lin, A.Y. and Tsai, Y.T. (2009) Occurrence of
pharmaceuticals in Taiwan's surface waters:
impact of waste streams from hospitals and
pharmaceutical production facilities. Sci Total
Environ 407(12), 3793-3802.

RA0E  (2008) -k * 1‘]55 EFgpr H NS Ry
LB H2 R 277 (2/4) ) AL
(EPA-97-E3S4-02-01). 7 Fcfath 8 %38 %
B e 5 T

. Lin, A.Y., Panchangam, S.C. and Ciou, P.S.

(2010b) High levels of perfluorochemicals in
Taiwan's wastewater treatment plants and
downstream rivers pose great risk to local

aquatic ecosystems. Chemosphere 80(10),
1167-1174.

Lin, A.Y., Panchangam, S.C. and Lo, C.C.
(2009b) The impact of semiconductor,
electronics and optoelectronic industries on
downstream perfluorinated chemical
contamination in Taiwanese rivers.

Environmental Pollution 157(4), 1365-1372.

. Lin, A.Y., Wang, X.H. and Lin, C.F. (2010c)

Impact of wastewaters and hospital effluents
on the occurrence of controlled substances in
surface waters. Chemosphere 81(5), 562-570.

[24].

[25].

[27].

[28].

[29].

Vieno, N.M., Tuhkanen, T. and Kronberg, L.
(2006) Analysis of neutral and basic
pharmaceuticals in sewage treatment plants
and in recipient rivers using solid phase
extraction and liquid chromatography-tandem
mass spectrometry detection. Journal of
Chromatography A 1134(1-2), 101-111.

Gros, M., Petrovic, M. and Barcelo, D. (2006)
Development of a multi-residue analytical
methodology based on liquid
chromatography-tandem mass spectrometry
(LC-MS/MS) for screening and trace level
determination of pharmaceuticals in surface
and wastewaters. Talanta 70(4), 678-690.

. Bendz, D., Paxeus, N.A., Ginn, T.R. and Loge,

FJ. (2005) Occurrence and fate of
pharmaceutically active compounds in the
environment, a case study: Hoje River in
Sweden. J Hazard Mater 122(3), 195-204.
Quintana, J.B., Rodil, R. and Reemtsma, T.
(2004) Suitability of hollow fibre liquid-phase
microextraction for the determination of acidic
pharmaceuticals in wastewater by liquid
chromatography-electrospray  tandem mass
spectrometry without matrix effects. Journal of
Chromatography A 1061(1), 19-26.

Roberts, P.H. and Thomas, K.V. (2006) The
occurrence of selected pharmaceuticals in
wastewater effluent and surface waters of the
lower Tyne catchment. Science of the Total
Environment 356(1-3), 143-153.

Loos, R., Hanke, G. and Eisenreich, S.J. (2003)
Multi-component analysis of polar water
pollutants  using sequential  solid-phase
extraction followed by LC-ESI-MS. Journal of
Environmental Monitoring 5(3), 384-394.

10247 % £ 3% BT K5 Je 3t IR &0 8h
BERRELG AR R R R R



A E 3 4k

25 4R oK SRR AL A M BATMEIGAYR £ 8 1 K BT 4
%
UES OF MULTIPLE-EVIDENCE OF ISOTOPIC AND
GEOCHEMICAL APPROACH (MEIGA) TO ASSESS
GROUNDWATER IN CHUNGLI INDUSTRIAL AREA, TAIWAN

M % (Yueh-Min Chen) '~ % =% (Hong-ChunLi) " ~ ft & #¢ (Yu-shiuan Chen) '

"R Sk B TS T 47 (Department of Geosciences, National Taiwan University )
“Email:hclil 960@ntu.edu.tw

-~ FXHEE

S T A - N A S o SRS SN LY SRS
(MEIGA) # 5 P 1 £ F e T-R5% > ¥
B T HFFIERNFTLENE - HEP
FEFFRIRN R G kshs R kiR &
FEAHIHGEY > APLEEFT A F okl
fo o Bl £okfor TR & 81 BRSO HiR S
AW E SRR 0 $i2E8D ~ 80
813CDIC N A#:’—E‘/;[#I—E_ ;'-"%’f‘"—:— ic JT“F _'r,c,;ﬂ\*cr o

PR & s P Filidp kg 0 P I FE
T Tk kBRI BER AR FEEMEAE
ek R8I 0 B OTET 1 E R TR

KT REARY 0 L B R R 1 E 5 ke
BEIPE SARREIKE L T E4R
A2 5F ERRAAoPokY B 0 REE
Bopokd a4 B gk EREFREREKS
(1lppm )5 3. = & ¢ gt B B %] 2 g
IR o

2013 # 5% 158 AP +ad $i § 5
PR AP F sk RGE TEE O B R
kR pH- RER L §F R AR E 0 LR
A ok c BARZ F L s gk ANT
Ny Pas AR L _pHY BT R ~Na 2
Eodp kg o BRPOREF RGP T
RO ke “% 3 3 % RdR vk ¥ iy B3
54 kiR o 775 BT 0 MEIGA 2 §.- »cenig
B TOKE Rtk e

ZECHAFERET 0 A RA SRR
R 5 S SR U T oA ek S A
2oRTIBTB TR - BREREA 0 BT BB
¥ 4 A fRfetE i3 170k ¢ DIC B
B - Biez & 7 85 b TokP 2 fE > 7
P EaRERETR Y 1%k CLO2 §
RFEFE=F oGtk @ ad THREFER
LEA RS - RALTFAP IS AALE

1024 /7 38 ROH T KT 3 806 3 4%
HE R LR R R R B R G

RO PR TR P R S > EREHER
R RITEA - BREYED LR ET R
TOfEE TR R kR o

-

1

N

Mot - T A REBMF - 2HRE - HE
UL F % S

Abstract

In this project, we use Multiple-Evidence of
Isotopic and Geochemical Approach (MEIGA) to
assess groundwater in Chungli Industrial Area as
well as the pollution source in “Dakeng” site of
Toufen Industrial Technology Area. we have
collected a total of 81 samples including surface
water and groundwater samples in both wet and dry
seasons and measured samples for pH, DO,
conductivity, NH;3-N, 0D, 8"%0, 8"Cpe and
elemental contents of Na, K, Li, Ca, Mg, Sr, Ba, Fe,
Mn, Al, Zn, Cu, Ni, Ga, and concentrations of
Trichloroethene.

Based on the results, we have found that the
groundwater in Chungli Industrial Technology Area
comes from surface water (meteoric water), with
very few influence from industrial waste water. All
measured elemental concentrations are very low and
no heavy metal contamination in the groundwater.
The elemental concentrations in the groundwater of
Chungli Industrial Technology Area are much less
than these of groundwater in Toufen Industrial
Technology Area. High concentrations (~11 ppm) of
NH;-N appeared in the river water near some
residential area, but generally low in the
groundwater samples. Only one sample shows
slightly high Trichloroethene concentration. In
summary, groundwater in the Chungli Industrial
Technology Area has minor contamination problem.
Influences of industrial waste water discharge,
mineral dissolution and seawater intrusion are not
significant. = However, trichloroethylene = was
exceeded in the water samples from well CLO2 in
both dry and wet seasons. We suggest that a full
investigation for this monitoring well should be
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carried out, to understand the pollution source of
groundwater.

On May 15, 2013, we have sampled the surface
water at the southwest corner of “Dakeng” in Toufen
Industrial Technology Area during a heavy rain. We
found that surface water contained high pH and

conductivity. Analyses of oD, 8"%0 and 8"Cpyc also
indicate that the waters at this site do not come from
meteoric source, but industrial waste water discharge
which may be from a manufactory of CPDC and/or
the treatment water of “Dakeng” pollution.

This study demonstrated that the MEIGA
method that we proposed is a good approach to
investigate groundwater contamination.

Keywords: Groundwater; Stable Isotopes;
Elemental concentration; Physic-Chemical
Parameters

4 EmBH

R EFR A 20
g?ﬁ&*"ﬁ—i’Eié‘%f‘%’ﬁ}*'}ﬁ;‘:;?qﬂgi
F A AR2]Y 1 R R 95 &4
F @M Tk TEC 73 #‘ff’gi’ﬁ # 5 Az
31 Pt R FREIT T E £ E
B e marin A s b A L
FUEGETE > B A A - LA TRE Y 0 6
EREE NG SR R M o D RER R A R R
AT UE D P R e F2 H 220 TRfeB R
r%ﬁ—iiﬁt?‘frﬁc g2 ¢ > BE 2|65 L kR
FEaE o b S HRY o FIRIT AN ALY
iﬁ— fﬁ.l—’f'l{'!it”l/v “Emki%/%‘/‘g—)‘brﬁj{,}ﬁ[o]/t 5
AHn § A2 HRIEERTFED S REFY A B
Rehe e 955 hd RORDRCRS R G
LRSS BALS SR B -2
75 A HL s AIRT ALk P B T
AHRAFRL G fr R LERP LT
BojefRd IRy e RESE 4K
Foo L £ & enE_, e ~~+~§)~ﬁﬂ’@mi§—h_’@t
ﬁi*“Tk%%“%ﬁoﬁ%%%@%ﬁ?ﬂ

ll'LFF i{/r /“54:’!‘1».@_{%,@_0_-’;&_@3&
“ﬁﬁ%ﬁﬁ’ S G R onH ATLR T A TR
ﬁ’réﬁﬁﬁﬁﬁT’ﬂﬁiﬁyéﬁ“i%
kiE” ke

B R TRV B S 2 ATRE T LB e T
KA it ® R W TR b 1R
R 4o kR TR AR~ pH >
ZF CRFTBRFR &p\gwéﬁ
kBT RAREDE
SRR PRTR LN PN EE S 20
i’l—n'r J\’ig % ’fflj’if g’fﬁp‘;fﬂ%’ff’i‘ilﬁﬂ?ﬁ,&ﬂh
IDES ’Eﬁﬁ*, TR kR SR LR 5L

04 &4 R TREX 7

'wv

—

60

B TORY B o K L R IRE R R
fos e o e R RIS % ™ 2 fodf 5
BT AAOATRE REF (101 ER 22
PTORBRAFTEHNRBFE P AP
Sk ke it g 22 (MEIGA) &2
BRI EF R AR A T RRE L
FRAAL id TRP I EER > A AmE
TERRRR o E2 T - B G RGE B
Tkﬁ4mfrziﬂﬁ"éoﬂﬁ%xﬁpz

SREY A WA ERIRTL o B HRT LB H
iz MEIGA H53% 0 3 i 2 £ o
P> E e

AP I E R AR ok TR iR
Tl idfom skt BRPIA T BRfE § "k
oAk i VN F R T kD
Kb~ AR AR h o B8 APk
BRI BT Hbmﬁ-}ll‘IEE”ff'/‘iﬂi/}g? e

BEFABE S D o BT BB Tk R e

LIRS RIEFEE 2 TRER
THAR A ERFALEL  FEAENR
BAAFA{oP 72 ARBEFT Y a4 o e é

'*%ﬁﬁ&%%iﬁi%1$ﬁ%ww;ﬁg
BN E%M”ﬁ MEIGA 32380 s > #p 5
By 'fr'\?mixalgﬂg XK RBEAT
F‘ o

= AR

3.1 REBEFRFER
R o ke Tk A G 2 0 (%
o ju

)T P (R F) o4 P (Rh )R = IEEK
T*ﬂﬁﬁﬁﬁ{%ﬂ%ﬁ%?*%TF#J
AR B AN o f ok HIE (20 )2 £ 5 (10

w)|za+ B FEA (14 v ) a2 =0 1 Aok
RIRPFT 3 % AT T ok e (] - ) e
BRGNS I
"@.55*«? pH~B R ~%T R 3% ~3 % 2%
Wi Rk Bigis e fa 2 R A 2 fEoK

ﬁ,%»iiﬁmﬁmﬁ P o F A RE A
7 o
32 gk

B7oh Sdgeenipl € 0 #EpH SRR -3 F B
% & (Conductivity)~ & ¥ (NH3-N)

B R hE 4ok for T ok 8D ~ 50 dr
8 Cpic » ¥ 1 H| W B Tok kiR s A R A e
EH o kT IR BRSSP A Tk gl
AR .

fI* ICP-OES % 48 ¢ # 42+ £ Rie 7 7]
% Na~K-~Li~Ca~Mg-Sr~Ba-~Fe~Mn- Al ~
Cu~Zn-~Ni-~GQGa-

1024F % £ 3 2 30 F ARIT 506 K &4 )
HREEG AR A RERE



& -

L EFEFRT OB LNG T
FotRRIZ & C s R e

-~ EREHW

4.1 ABRETAHRRAUERS (LARMLF)

R FoRERnE § e S Tk (B
R A RS B S S 1 Rk e
owuxl’@fww7k&ﬁ{ﬁg%$”?k’%
BB PR TR Sk R T G A Tk
T4 R AT EROKE R F o dok
FpcangokY 0 3 G F e B g
Rk ek g;*;,“;;;;f-;«' F kR o ¥
b E XTI e AR (20130225-7
fr 20130226-13) » 8D 80 EH & » P K ik
B G oS Rend sk PoRinE R F
#ier g (Fl- fofl= )om 581 £% 9 24
B e in o nad e e ki > 8D 80 ik
#= (20130225-2 » 20130225-9 4+ 20130226-14)
FART R 5 ik s > L F AniTend § R ek
WO o BEOT A 15 & P df o

T (A E)fed P (Beh BE)HE F b nE
AR AN EF o A pR-L ERP
ki F PR ERZ AR Y - BZ= &0 0 (1)
TE (9 )E A kEiF R EREBES
By R EA KT F P g EREDRE(2)
WA KT E R mE ERE TokhBE A 20
e ToRL 50 o 9 0 hE § e oind BRI o
WP AR TIBIIHE ToRG BT BT
kA - RF P E R Lok e (3) Firark
FrrrmarkFi s Frzndixt 29 ap
B Ak FERSR o mP A F RN A
FOF A ke X Rk m A AR o
42 BB K e E S

kg fEE et (DIC) ¢ 4 CO, ~ HCOs e
CO;™ » gk B i f# § @ 7 DIC hmfe 2% %
Toom WA R (SRS ’W/f:\'m CO,) ¢ i
# DIC sl e =% gz o 4 3+ 3 > k4% 50 DIC ik
BEMoRIF PV EEEE 2P I EF
i&y1¢ﬁgﬁDmﬁ&@’é%m%%«&
TREARY o BB P TR RoT WA R
dﬁﬂMCmTﬁZW%°ﬂﬁm@T B e

()]

% l_ﬁ_*’&ig ¥ 5 - T0F 4pR 0 BEP DIC e
Kb siE A R RIBEL A f b
ﬁékﬁibﬁéﬁﬁwwﬁﬁtﬁﬂom%ﬁ
FRRF OHE B 20130226-10 0= § ¢ %
AL P A Rl TORE § B R

o

N
—

k%li&vﬂ@ﬁa i@ in (20130225-7
frmBM%1w TP ERSE ﬁ G
ﬁiﬁrl ;o 9 —@—1 :BF' v T‘:—" g\U '?‘m/a /n ’ P ﬁ%,‘}’ﬂ

1024 5 13 AT KT e ikn k&
FRBEGRBRRERE

A B

FEMOREFEARE > ET FERYE -
) ft«;—‘ﬁ kR Ca ik B¢ DIC k&

T - Tk Aph o 28 %5 DIC 1 & EpkpLd
o X ARkpge ,ﬂgg__,u B _Qb"iﬁl\ﬁ/;gf—‘ll fi o
AP AP HAEFT RPN i T ko AR 7
FhAEOBERFEEE R FRF DR IRA A
*r’ S T =g

SOk MirnDIC RR LK fErg O A

—'F*f FiReg o w A DIC dwlk ke mE
PR I S Zp’g\l—‘ﬂ*”% fR e o Bl Bt

3 & DIC dp e =% BB £k (sw) v
B TR (gw) A BA0 s R & J\rrlﬁ CchlE'
#E o f-13~ 7% (PDB) 2. FF & » @ & Tk
70 Cpye B b » T ¢ jxvh’ < § CO, 18 Cpye
% -7~ -8%0 (PDB)» t7 pﬁﬁgrﬁﬂﬁ
SRR ’}4%};‘:’ /% ﬁzﬁ”’ﬁl\ﬁ’;i*q m8 CDIC 7 % 0%o
(PDB) = + o g ik B e7i3 2 € 18 9 -k ¥ 435" Cpyc
BRE > A BAA R4~ DIC 218> ¢ ¥
8"Cpic BRI - G F ST A RN EEF X
F1COER T 5 > el =& ire 1B "‘3,‘—\ ;
AHFF KFEALDDIC kR (XM o 9700 > A

P E ek Aok §PCpe B 5T 2 o
%;%mmﬁhowa,ywka%mﬁa_
R 0 R AP A § WA 24 » 3] DIC
B GAe r Coz 2o S PO ESRIES Fﬁg#ﬁ:
® ’*K?E‘b?§5 Cpic ERE o 4 & 5 R
aa£ﬁﬁ¢&ﬂﬁ¢ﬁwqm@%wm(é%
WK § R [ -
43 ekt T

KBEARZ cH - Fr FRF LA HRE N
Perkin-Elmer Optima 8000 DV ICP-OES :i& {7 &
Yoo O g E R T R R A
) i '31&1'4« P IRGRMATER > X R TRk
ER o BE 4 J\m’“%/k&w@ Fqu”/ E 3 e
TR iR ARV BRI R E o A G 1 ERK
P hE o

herplE ¢ 0 2 58 d _Na-Cafr Mg
W%&—””*ﬁﬁSMwmiif@”%mkﬁ
P s “Mﬁi'ﬁ‘%‘ oA ToRARRE G BT
A A o %5 F Na~CafrMg = ﬁém%m)&)i
e s REBETRITR (B- ) 7 UFRE T
KEEDFTEAF I EAAEETRE R SD
R P l“ﬁmi ] 0.99 -

EFLEFRT Rle e ane i (20130225-7
fe 20130226-13) ETREVE~ZERABM D
B AL S 0 A L ERY LT »h
ﬁﬁ%kﬁiiﬁ*JT*’ﬁmzﬁﬁﬁﬁz
ekt B B TRy FAFY  HIF R
TR EkL T UART B

’/)&

61

+F 1% 48




G

drd% #-Na> Ca> Mgfe K&+ 2 frr 83 &

TR > v PR (B~ ) v"-’pg v
i& KR ER R AL T R o S

kR kR kg oo B Aok ToRE
%i}éf}:?ﬁ%% P F R MRS BRS04 R
SR Y M R Nk

4 & RN ﬁéi/%@fﬁ#‘i‘”

oo #NatCatMg+tK (kB 2 et 7 B
¢ % 3 20130515-5 §= 20130515-10 = }_z A f
B o P ek B 2K (R ) ki
P 2 ﬂ“fw EBF BTt £0kF B ¥ > £RE
(Bl ) 5 20130515-5 chpH o7 & B %
R 2FEAIRKAEE o B4 g FRED
B R FIELD T erRIB A 0 a7 i 2 Cl
Bt oo 4ok L Cl H+ dd » 7RA Gl Cl s &
2%k E B (HNaCl~ CaCly)» F 3 2 P &
L R EIAp e Na e Ca BB g o 12t Jaip) o
FECIEFF T kp 75 F B DLfR -
44%ﬂmw&mk%@@ﬁ£ﬁ¥kﬁ

e — ™ Lo Bl RIOR # 3 A5
A Kike @Y B e kanaokd > pH B
TANazg £300%F > a2 ek ki w
R PR B WLV S SR R A HIPSE £l O
WIRAZ F e Far it g iT k.%’ﬁ 7
5 Ffim o i pH s #TL R ~Na 7 & hip ik
1 f o POk E R S Heehe ¥ 25 20130515-10
{ﬂggﬁﬁﬁﬁkﬁﬁaﬁ—%«ﬁ’ﬁﬁ%
kg ik £ Rk B (L §F R
EFAE AN FHERRDY 2 ETREE AR B4
DR 2 foehbl 7 el ¥ SR R 5 3. gkap
ERZFHETHE (1872 mg/L) d 3 iE Bk
FAI AR T poa ARG L EA M
4 3 ,j_ﬁ:j'}\u fﬂﬁi—ﬁ j’g’f‘-" J\mj\/),%l 4’@‘./?]4 ¥ AL ﬂ-\/&
CRPUF QR oo ATl o 5 S mﬁ’x% | %7 >
1 EREFFEFRMN ARG e LR
AR I R S R e 3K e @ & )’
R gl O

=+ 8 E\’ \_1

“_y‘ iJrL”

2 K#H

ﬂ%l%%ﬁ%¢¢%%i£{%%$T
B EBTREARAT GRS B R

FEARY RANLG B CRERE L LG 2 4‘-
BRSO pa G - B ez F e
ERATIE o 3 UF 0 83 TokFmE = E B £ R

Mz g kg o B K Y G PR B fE

AHLEEFAE LA Fomeh Ei5HT
J\?,}_Jﬂ&w»*ﬁz‘&%ﬁﬂi EHEATE
f‘u% CEICR S 0 DRAR PRI AR MO
Tl ToRAZER Bl kR EET
)infwwrmﬁrz‘#m’a#’*w kDAY e

[
e :‘q&g

62

oy
e
f‘_ﬁ

“}%‘54 kor B E L ERKY A E R

—=h l“'
g W

s

FLEFRTRlaledpiinE g5 1%
LE-L G eI ’LE'“%";'W"”/HL?”’]“L%?I?—?
PR oo e PR A BRI R 0§
FIRE FWAERPE LA TZFC T"
P I LR S U -

A1 ER CLO2 fERF >EHEHRTHFIR

v

3

bl

Ti\4

B3 AR L*’ig:“i‘fﬁ“‘—"gz?] T R
- HFwhR G o Al ToRERER
\:A‘ R F A j\/@’f‘-"f” EN e R A L

AR F AR T e 5L KRR A

LI & LW L SRS T R a7 S O AL Sl NI T e
FTREF 7 EFL Kk v 'Z{ %ﬁg*i#‘l@ifé‘f‘i
fmm J;ég Moks BT R OV REAS L KRB
BPR AR e A PR E < LR TR
@FMA;%ﬁﬁ?@£§foéﬁ’ﬁwéﬁ
Iﬁzf,&;fwa@étii%ﬂi AR fe Ao L LD
PRE L o TR 2 oMY AR R2F
%ﬁ*ﬁ%ﬁ;@]@m&mmihuﬁ%iﬁ°
A4 (7% %8I MEIGA % 8- B 7

2 AT B TORFE S o EERES B

AR

[1]. v &R B i b > 2004 > & F RhEE (> v 3
¥ fvﬁ—’#ép’yfl TrEE ow e

[2]. v & EATRB Rk > 2008 0 97 & B w & BAER
rl’tﬂna&’w?i’*"‘l\ﬁ%ﬁ’%ﬁiﬁﬁﬁ ’
B R3E2 > 2008 &£ 8 7 o

[3]. Frereses k% > 2009 > 96-97 & & 1 3E
PR R AT RN G - ARA

RN Bl P R ¥Rl E RN
Bi% = 7 kREE T REFH 2+ (9708) >
A

v 7

1024F % £ 3 2 30 F ARIT 506 K &4 )
HREEG AR A RERE



A& AR

2l
y=15.823 + 8.2118x & .
] Re=099 [ S P
-20q & 201305 gw F
W 201305 sw e T
g - & o
c§> £-307] /2013098 &  ZhongPuGas [
2. | g water pipes
S 2]
§§ 201302257 > 401 H L
Q 1 201302269 - E
© S-N river 3 ﬁ$
55 | =) -501 ‘.: L
e
604 20130226-2 | P ) :
<— 20130226-13  E-W river -
& 20130226-14
: %5 % 45 & 75 7 45 % s 2 OrtT—————T————
8'%0 (%0, SMOW) 5180 (permil, V-SMOW)
K=i+:B- ﬂi@li‘&&ﬁﬁ' BloB- PH1ERHAZETLAI3# 27 265HENTF P
FH B Bz 102 & PR FP G kRhE bW REl. BT 0 sw=surface water (3 % k) ; gw=

groundwater (3 T -K); Toufen= £ # EF (P g ~ 3 @ & 8 £ Ko %

% BLIDH

%’ % ,}\éﬂlf-r}i- °

~

s L L N L L 3 L . N .
o 201302262 - . L
-84 20130226-9 E-Wriver [
® 20130226-14 3
8 E 21 i
8 -104 3 6 %
: ©20130226-13 =
ag 5 157 o 3
= S-N river < §
é) - i ] o O
7y c 1 4 L
. ©20130225-7 8 .o 4
o s ®
144 . L
L 054 @ L
. .
.
16 T T T T T 0 — T T
0 05 1 15 2 25 3 0 10 20 30 40 50
C content of DIC (mmol) Ca (mg/L)
K23+ Be PH1EREE J\’fiDICﬁE‘H\Pﬁw%f‘7Fa§’f“°§]E
3 I = L
Z Mo Bl» 102 # B3 38 79 904 ki DICAF =4 &
y=105.29 + 4.704x »
4 25 L
5504 R2=0.99 o564 L
500 4 L
g aso ) S-N river | 7 500} g
g g
g 4004 L £ 400 L
- 3
2 2
8 350 4 B 8 35664 L
3004 L
ol © 200 -
1 ) i y =62.949 + 5.4244x
umE-W river 2=0.81
200 4
0 40 s 6 70 8 0 100 110 O 2 40 6 8 100 120 140
Na+Ca+Mg (mg/L) Na+K+Ca+Mg (mg/L)
Kziv B "HIERSZAEROTEAEGE ﬁ‘@*&zml’a@

Bz fer T R OB o B4 102 & R3FHIH TP 415 fu,st.m

b2 SN

1&@ (EX V-EN IS 3
RMBES IR RE R

Bl

O F R RCHT Sk F k2

5 L L 1 L L
8
L
[] L
2
-104 & G % L ] /g -
a A
Q rTTeTeEEeETmasses "'"0"',"'."*’"
a . ., -
- * -
= . & .0 * *
E 151 . P s
a . * -
d
) . . *
o
) - L
204 L
®  5'3C 201302 gw
® 5'3C 201302 sw
& 5'3C 201305 gw -
M 5'°C 201305 sw
254 A 5'3C Toufen ~ 5
T T T T T —
0 10 20 30 40 50 60
Sequence
PR S F ok DIC Sardd kR

30000 - = L a
®  Zhongli
= Toufen B
25000 -
200007 -
2}
=
; Zhong-Pu Gas
> 150004 wastewater outlet L
g
°
c
3
© 100007 -
-
50007 -
s_®
0 v e .
0 50 100 150 200 250

Na+K+Ca+Mg (mg/L)

c BN P ETA KRR
AAERL A BRSO G

63




H#— BB —e B3

A,
MBS * v
:“: - His
ST
[ BN = =
1: 20130515-5 wy. o B
2: 20130515-7
3: 20130515-9 oy
4: 20130515-8 PER
a¥
— = PEf.
=
JI% = [ 3. -
"y Ple 3
-
Sors, 1
J\\ z it PEC O
e o
7[ A\
: i b - N>
201305154 (no rain) 20130515-10 20130515-5 (nearest) 20130515-8 . g’

20130515-6 (raining) 20130515-7 (farmland)
20130515-9 (further)

B 2013 # 57 1584 & F o fp HFHEER

o WEFPIERLEFERN R T8 AR SRS Bdp R %

T DO Conductivty NHS-N Z8ZE 12°8ZK s%C@m, &H M, 5%0®, MNa E Ca Mg  Fe

Sample No. HEEE Howy meth e meLh  mglh  (mzlh PDE)  V-SMOW) V-SMOW) (mg/l) (mg/l) (mg/l) (me/l) (mgll)
s £ sz

2ississ | ?iggﬁ)’k = 558 2640 S04 18260 367 ND ND HE AR ek ase mm 1 o0

DLBLS FERRIRSARE 213 w0 s00 oo 3 uD wp  EE R AR e e usm o oz
s £ s

wississ | ﬂﬁggigkjkgjk 823 2520 764 5430 344 ND ND NP B ST e oms 2us o ol

DUOIT - REFICRIAD o015 2600 e mm L3 HD N NP BB B e o3 am ost od

01915 mﬁjﬁ]ﬁigg;ﬁﬁ@ 1208 2610 537 232400 255 ND ND WO AT 3% aaxs aer as oo ol

WSS AREROAERD ) o7 50 555 108700 365 HD wp  BH A SR me s w000 our oz

S Eh%;%f&%igi%z%%k 649 2560 473 607000 7.5 ND ND I8 A8 O mw isal e us 18w

64 10240 B £ 3 BT K75 R A6 K &4 B

B RBAET R R RERE



A E 3R

BB ARREANST AT EEFRRAEZTITHAL
Feasibility Study of the Application of Heat-pulse Flowmeter to Site
Characterization of Groundwater Pollution

oy g | 1 g 2 4 1 a0 1 5 z\l 2. 1 P
PET frsedrl 2AT2 $pd amiad AN 2u% pRl

1 %—J'} % 1

IR R Sl Rk &
‘AR R AR R € P T
*Email : ypc@ntu.edu.tw

- PXHE

%T*ﬁaﬁ%@@Q%%nkﬁ*é%
Farihm o » ToR B Yt g ok
BB TR TR RS TR AT AT
EoR g R ER TRE LGSR BEP R
AP E R Rk RERIRA B GER
3P L A F S FE R RD D SRR
BRI 3 A RS A BN E TR E%
AT RBEFEPN RS B0 Ao B Efes
foidok 2 3 Fsk S F I R §d 2 R
PREIEEZEZ A PREHRT L EHRE S R BER
% ek RILE BB B AR a0 8 % R
HEEE BAFEBE L TR FREET R
RFEE IR IR KRR R R T IE%
e R TR ARNER KRR G LR AR
W NV EESE DR R RA F L ik
BFOLE > @FFA FHFAFL o s KIoibk
Al R SN R A U B
BT Mk ek RV BRI R e M LB E R
BACR IR T o S R R BRI PR
SRE L BB REF 0 A s
THEEEA T 12 R ToRE%RY A
BRI e FTHELS S B FR AR R RS
FREPIRRBEHITS I RET A
fedep g kA dpE 2 35 ER 8.0 3 825
DEWMEATERRFELEY RS S kAR A
Bok 4 @ %dsd 1.306m/minc 6 5 ok 4 Ek AT
BT ia k4 BE ARG TO B o d v H kN
BRI ELMAPF SIS T o 2Ra B kR
FAER TG BRI 0 AR EYF
TR o SRR S R 4 AR R
RFEHRT UER IS KRS R GE £ GBS
B#* W TORFAGRDGL 0 B TEE T RS
AER R GRS RRE A 2 HRE
= SR R

BSEs (T ARTHR - RAR - AERE - Fu
i

1024 /7 38 ROH T KT 3 806 3 4%
R X R R B R

Abstract

Groundwater flow and  contaminants
transportation are affected by different hydro-
geological conditions, therefore, it is essential to
investigate the distribution of flow paths and
aquifer characteristics. This project adopted
heat-pulse flowmeter measurement to delineate the
vertical distribution of hydraulic conductivity in the
borehole. A pilot test was conducted in a
groundwater contamination site. The field tests
were conducted in the NTU and Heshe
Hydrogeological Experimental Well Station, and
the aquifers are composed of unconsolidated
deposits and fractured rocks respectively. Both
pumping-type and injection-type flowmeter tests
were implemented in the NTU site. The test results
indicate that the hydraulic conductivity varies with
depth, but similar results were obtained by two
methods. The results in Heshe indicated that
flowmeter measurement results can locate the
permeable fractures and preferential flow paths.
The pilot test was conducted in the Kaohsiung
Refinery of CPC. We established two wells with a
depth of 12 meters. The soil samples indicate that
the strata are composed primarily of sand, but the
distribution of hydraulic conductivity changes
significantly with depth. The most permeable zone
for both wells is between the depth of 8.0 and
825m. The highest horizontal hydraulic
conductivity is about 1.306m/min, which is 7.6
times of the equivalent hydraulic conductivity of
the whole aquifer. Besides, the injection-type test
results of two wells show similar distribution of
groundwater flow, indicating the feasibility of the
developed technique. However, the resolution of
test results from injection-type method is fair,
requiring further research to improve. Heat-pulse
flowmeter is a potential technique to apply in
characterization and remediation of groundwater
pollution, particularly in the groundwater
monitoring, contamination transport, remediation
design and groundwater modeling.

Keywords: groundwater pollution, flowmeter,

politest, site characterization
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Abstract

Current inventories of mercury (Hg) emissions
show that coal combustion and waste incineration
are the leading contributors of Hg release to the
environment. Recent studies report high levels of
methyl mercury (MeHg) in rice grown in the vicinity
of anthropogenic Hg emission sources, suggesting
that ingestion of rice may be another critical route of
human exposure to MeHg. Hence, it is important to
conduct a thorough investigation of this exposure
pathway by examining why rice paddies are
conductive for Hg methylation and how additional
Hg inputs from the combustion of municipal solid
waste (MSW) may lead to potential uptake and
accumulation of MeHg in rice. In this study, four
paddy sites within the agricultural area of the Beitou
MSW incinerator were chosen to sample surface
water, topsoil and root soil. Total Hg, MeHg, as well
as ancillary geochemical/microbiological parameters
were analyzed. Results show that levels of total Hg
and MeHg in root soil, pore water and rice grains
were below the regulations for soil and edible rice,
suggesting that this agricultural land is not polluted
by Hg and the air control device employed in the
incinerator has been efficient for control Hg
emission. Microbiological analysis indicated that
sulfate-reducing bacteria are the principal anaerobes
responsible for in situ MeHg-production in the
rhizosphere. Geochemical analysis showed a great
potential for enhanced Hg-methylation if elevated
Hg inputs occurred. In addition data from MeHg
chemical speciation experiments showed that
complexation chemistry of pore water can influence
uptake and accumulation of MeHg in rice.

Keywords: Hg, biogeochemistry, rice paddies,
MSW incinerators, MeHg bioaccumulation
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Matrix Units Site-1 Site-2 Site-3 Site-4
Surface-soil
Hgr ng/g 155.92 191.52
MeHg ng/g 1.10 0.70
%MeHg (of Hgr) % 0.71 0.37
Root-soil
Hgr ng/g 36570 42620 41237  594.53
MeHg ng/g 13.17 14.63 13.10 13.41
%MeHg (of Hgr) % 3.60 3.43 3.18 2.26
Pore water
Hgr ng/L 39.26 22.05 15.90 18.01
MeHg ng/L 25.93 17.77 14.55 3.70
%MeHg (of Hgr) % 66.05 80.59 91.51 20.54

BAGET LA DT IR R

Sampling site Hgp inrice (ng/g) MeHg inrice (ng/g)
Site-1 3.73 6.78
Site-2 3.96 12.61
Site-3 4.41 17.11

23w REREIEA NG FRY LIRS
BPAL > BE - HTATE N AL SRR (ng
e gl s B2 -

Iron-reducing Group = Sulfate-reducing Group

Soil source Methanogenic Group
Site-1 4890.04 126.17 10352.20
Site-2 147.15 128.36 5699.46
Site- 3 1591.83 119.40 9074.03

Site-4
Control

986.36
146.9

99.89
157.71

4944.47
123.07
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Development of environmental forensic technique in source
identification of fuel contaminated sites
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Abstract

Soil and groundwater contamination by
petroleum products released from underground or
aboveground storage tanks is a serious and
widespread environmental problem. Diesel and
aviation fuels are among the most frequently spilled
petroleum products and are the focus of this study.
The objective of this project is to develop proper
chemical analysis methodologies which are feasible
to characterize and identify fuel-contaminated sites
from environmental forensics prospect.

By use of a two-phase liquid-liquid equilibrium
model, fuel-water partition coefficients (Kg,) of
major components were measured for civil and
military aviation fuels (i.e., Jet A-1 and JP-8).
Target compounds and physical and chemical
properties of aviation fuels were determined. The
ideal-behavior model was as following: logKg,=
—logS+0.689 (Jet A-1) and logKg= —logS+0.724
(JP-8). The models derived using Raoult’s law
convention for activity coefficients and liquid
solubility is presented.

Soils contaminated by diesel fuel produced in
2000, 2002, 2003, and 2005 were used for our
weathering effect study. The slightly degraded fuel
is usually indicated by partial depletion of n-alkanes;
a moderately degraded one is often indicated by
heavy loss of n-alkanes and partial loss of lighter
polynuclear aromatic hydrocarbons (PAHs); for
highly degraded oil, the n-alkanes and branched
alkanes could be completely lost, and PAHs and
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their alkyl homologues could be highly degraded.
After the long term weathering processes of 8 and 10
years, compounds with molecular weight smaller
than C, alkanes were disappeared in soils
contaminated by diesel fuel in 2003 and 2005,
respectively. Also it was found that fuel
constituents with molecular weight smaller than C,
alkanes were disappeared in aging contaminated soil
of 2002. For soil sample through 13 years of
weathering processes, compounds with molecular
weight smaller than C,; alkanes were degraded,
furthermore, after the long term weathering
processes of 365 days, compounds with molecular
weight smaller than C;, alkanes were disappeared in
soils contaminated by diesel fuels of Chinese
Petroleum Company (CPC) and Formosa (FOR).

It was illustrated that Isoprenoids, bicyclic
sesquiterpanes and alkylated PAHs are less
susceptible to the effects of biological indicators of

biodegradation. The ratios of characteristic factors
such as pristane/phytane, Cis
sesquiterpane/8f (H)-drimane  (BS3/BS5), Cis
sesquiterpane/8f3 (H)-drimane  (BS4/BS5), Cis
sesquiterpane/C;s sesquiterpane (BS4/BS6), Cis
sesquiterpane/8 (H)-homodrimane (BS3/BS10)

and 8B (H)-drimane/8B (H)-homodrimane
(BS5/BS10), methylphenanthrene Indices (MPI),
methylnaphthalene ratio (MNR),
methylphenanthrene ratio (MPR) can be adopted as
forensic indicators in diesel contaminated sites.
The results indicated that the characteristic ratio of
diesel fuel produced in 2005 with soils contaminated
by diesel fuel of 2005 were similar. Apparently
characteristic ratio match the information sources.
Finally, source identification was attempted for
samples collected from different fuel contaminated
sites by using the unique pattern of sesquiterpanes.
Furthermore, we demonstrated that diagnostic ratios
of sesquiterpanes are largely unaffected by
evaporation. It is anticipated that the information
generated from this study will be adopted by
decision makers to evaluate the liability of cleanup
in diesel contaminated sites in Taiwan.  The
database, forensic criterion, and parameters
established in this study should be coupled with
other information such as hydrogeological condition,
environmental condition of contaminated sites for
better results of environmental forensics.
Keywords: Environmental forensics; Source
identification; Fuel contaminated sites
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7 &5 4 (contamination of fuel products) 2
AR KReFEET nFE, 2 1% (underground storage
tanks, USTs) % & F &5 # (aboveground storage
tanks, ASTs) i~ g AL ~ 2 b 5 51 7h 8
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Source tracking and characteristic recognition of field leakage using
ultra-violet optical laser induced fluorescence system at the

petrochemical industrial site
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Abstract

Ultra-violet optical laser induced fluorescence
(UVOST-LIF) system belongs to optical
measurement technology. The LIF detection is
aimed at finding free-phase petroleum pollutants that
are quite different from the membrane interface
probe (MIP) detection. This study selected one soil
and groundwater remediation site with potential
leakage sources for the testing of in-situ continuous
LIF detection. The distribution of free-phase
petroleum contaminants obtained from the LIF
detection was integrated with the results of
hydrogeological survey to trace the possible
transport pathway of leakage sources. The results of
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in-situ UVOST-LIF detection illustrated that site
contamination can be classified into 5 types of
plume distributions based on their fluorescence
characteristics. Integrating with the Environmental
Site Assessment (Environmental Site Assessment,
ESA) work, plume distributions were roughly
recognized as 3 possible source leakages (at the
previous sulfolane spill site, the oil-water separation
facilities, and the second separation plant) and the
other 2 mixing zones of contamination. This study
has demonstrated the feasibility of applying the LIF
fluorescence  characteristics of the leakages
associated with spatial transport distribution of
contaminant plumes to anatomize the possible
contaminant sources in the field. The application of
in-situ UVOST-LIF detection can rapidly outline the
characteristics of contaminant distribution

Keywords: laser-induced fluorescence;
chemical; source tracking
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Abstract

DC electrical resistivity surveying is a popular
geophysical exploration technique because of its
simple physical principle and efficient data
acquisition. Traditional resistivity measurements are
carried out on the earth’s surface with a specified
array in order to obtain apparent-resistivity sounding
curves, apparent-resistivity profiling data or
apparent resistivity pseudosections, all of which
qualitatively reflect the vertical or horizontal
variations in subsurface resistivity. This technique is
widely used in groundwater, civil engineering and
environmental investigations.

Numerical simulations are used to
compare the resolution and efficiency of 2D
resistivity imaging surveys for 5 electrode arrays.
The arrays analysed include polepole (PP),
pole-dipole (PD), half-Wenner (HW), Schlumberger
(SC), dipole-dipole (DD), 7 -array (GM), multiple
and moving gradient array (GD).  Some synthetic
geological models were used to examine the
surveying efficiency (anomaly effects,
signal-to-noise ratios) and the imaging capabilities
of these arrays. The responses to variations in the
data density and noise sensitivities of these electrode
configurations were also investigated using robust
(L1-norm) inversion and smoothness-constrained
least-squares (L2-norm) inversion for the these
synthetic models.

The results show the following. (i) GM and
WN are less contaminated by noise than the other
electrode arrays. (ii) The relative anomaly effects for
the different arrays vary with the geological models.
However, the relatively high anomaly effects of PP,
GM and WB surveys do not always give a
high-resolution image. PD, DD and GD can yield
better resolution images than GM, PP, WN and WB,
although they are more susceptible to noise
contamination. SC is also a strong candidate but is
expected to give more edge effects. Accordingly, the
GD, PD, DD and SC arrays are strongly
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recommended for 2D resistivity imaging, where the
final choice will be determined by the expected
geology, the purpose of the survey and logistical
considerations.

Keywords: Electrical Resistivity Tomography
(ERT); Induced polarization (IP ); Multi-Array
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Abstract

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

Keywords : Soil and Groundwater Pollution,
Pollution Liability Insurance, Property Insurance,
Remediation Costs
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Remediation and validation technology development for
benzo(a)pyrene and polybrominated diphenylether
contaminated sediments
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AR AP FE RSN - L
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AHRPRT e e s L HE B
) S AR 15 Tedf kT oo
S EEEZ RIELRRE G ERA R
PAHs ™ ¥ (a)#© (benzo(a)pyrene, BaP) % 7 %
i’é"’#ﬁ &+ *2E 10 % ;PBDEs | & & &

jr,; ol [%/ﬁ }
C =% f'}
POPs) ﬁﬂi

3 5 fﬁw; DA FERLF A XA
— ,tb—_«ﬁﬁ §/r~»$°ﬂ\‘“§u BaP #

PBDEs ¥ #p %tk B # % 2 BDE47 - BDE99 £
BDE209 % P i35 A 4> #-8 T ft (b 4e ~ R &
Zf8 0 BEFEN RSB T T T AT 25 R
A b4z Ky LR EPRGTRSFZ AP A
&orﬁ\%ﬁ%ﬁﬁﬁﬁﬁm%%ﬂxi6ﬁi
& PAHs 2. jk & &~ % 127 % PAHs 5 2 > 2 ¢ BaP
JER A0 0.09-13.84 mg/kg > < R © AR AR
7 E HI9EE 2 Ui 1.34 mg/kg &2 7 L 0.16
mg/kg ; @ BDE47 ~ BDE99 ¥ BDE209 2k A&
20.87+11.71 pg/kg ~ 27.63£10.89 ug/kg £ 64.36+
29.29 pg/kg (meantSD, n=5) > 22 ®*% > [f% BB
oo BEARh B o = ZiEKK Y BaP H =¥ wozid
31.4%2% 73.6% > BDE47 ~ BDE99 ¥2 BDE209P ¥
Z ¥ w A W T 53.7%3 76.1%47.5 & 91.4%
2104 1 61.8% ¢ ¥ IS AR Gk 4 0 R
75 247 T w4z PBDEs % 3.7 ¥ {zi¥ BDE209
Z92.7%BaP 2 4 $ "5 fEh 2 e u] i G b A
:L,’EL% 4% (tps 6862 ) b LH 3 pRw
w (t,,>462 % ) BDE47 ~ BDE99 »% BDE209

2 “ #ﬂ“% fRE R BDE209 BERFEfE > 2 /,]
e 'L/l’?'%]i7 43{7”4\]3* FE&F‘J}?%'J B AR
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M4 - =% ~ RIE -~ BUFEE ~ X(a)BFE -
R =833

Abstract

River sediments play an imperative role in
ecosystems. According to our recent sampling and
analysis, the distribution of PAHs in Er-Ren River
sediments has shifted from lower ring numbers to
higher ring numbers and 5-ring PAHs seemed to be
the most predominant ones. Further, the difficulty
on confirming the remediation performance usually
results from the heterogeneous distribution of high
k., compounds in sediments. Thus, this research
project is aimed to development removal technology
of PBDEs removal with target compounds BDE47,
BDE99, and BDE209 and also a new technology for
reliable quanti- fication of BDE209 using
surface-enhanced Ramam scattering. Our data
showed that most of the analyzed sediment has
benzo(a)pyrene higher that the regulated values,
upper limit 1.34 mg/kg and lower limit 0.16 mg/kg.
The concentrations of BDE47, BDE99, and BDE209
in the sediment samples were 20.87£11.71 p g/kg ~
27.63£10.89 p g/kg, and 64.36£29.29 u g/kg

(mean+SD, n=5) , respectively. Single recovery
operation can remove 31.4% to 73.6% of BaP,
53.7% t076.1% of BDE47, 47.5 to 91.4% of BDE99,
and 10.4 to 61.8% of BDE209. Without addition of
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any BaP or PBDEs, the emulsion recovery
technology can remove aged BDE209 in the real
sediment up to 92.7%. It seems that fresh BDE209
is harder to remove that aged BDE209 in the
sediments. For the biodegradation of BaP, it is
found that the 4th tank with emulsion addition
achieved the highest removal with a half-life at 68.6
days and the natural recovery group exhibited a
half-lives longer than 462 days. In the
bioremediation of PBDEs, BDE209 is the most
difficult one to remove. The natural recovery group
showed the best removal in BDE209 but need to be
identified by a repeat test.  Surface-enhanced
Raman scattering (SERS) test for magnetic
nanoparticle has not reached a final conclusion yet
but microfluidic SERS has yielded very good
advancement. Now, the microfluidic SERS can
rapidly detect BDE209 down to 90 ppb or lower and
the linear relationship is good for over 4 orders of
magnitude..

Keywords: Er-Ren River; sediment; pilot study;
benzo(a)pyrene; polybrominated diphenylether
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Abstract

The objectives of this study are two-fold: (1) to
investigate the residual concentrations of eight
phthalate esters (PAEs) and their 11 metabolites in
sediment samples collected from the Houjing River;
and (2) to develop and establish a localized, feasible
in situ  remediation  technology  coupling
nano- Fe3O4/8208 process and electrokinetic process
for the removal of PAEs in sediments of the Houjing
River. To meet the first objective, five batches of
sediment sampling were conducted at seven
sampling sites along the Houjing River and four
PAEs and six phthalate metabolites were detected.
The order of parts per million (ppm) of residual
di(2-ethylhexyl) phthalate (DEHP) was detected at
Sannaitan  Bridge. The relevant average
concentration (2,886  upg/kg) and  highest
concentration (5,477 pg/kg) are 1.46 and 3.69 times
greater than the “Regulations for Systematic
Management of Quality Indices of Sediments and
Their Use Restrictions” promulgated by Taiwan
EPA. To meet the second objective, six tests with
a remediation time of 14 days or 28 days were
carried out wusing the electrokinetic-assisted
nano-Fe;04/S,0¢> process under an electric field of
1 V/ecm or 2 V/em. Test results for the removal of
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PAEs in the sediment samples collected at Dehuei
Bridge of the Houjing River are given as follows: (1)
injection of sodium persulfate and nanoscale
magnetite into the anode reservoir would yield SOy,
OHe, and H,SOs that would be transported by the
electroosmotic flow from the anode end toward the
cathode to degrade PAEs and their metabolites if
any; (2) an increase of the electric potential gradient
from 1 V/cm to 2 V/cm would enhance the removal
of PAEs in control tests with no addition of sodium
persulfate and nanoscale magnetite to the
remediation system; and (3) the residual PAEs
would not be detected in the electrode reservoirs
implying an effective degradation of PAEs in the
sediment compartment of this novel remediation
system. Accordingly, the novel remediation
process employed in this study could be considered
as a viable remediation technology for the removal
of PAEs from sediments. An operating cost
analysis has also assured the economic
competitiveness of the present remediation
technology. In summary, due to its inherent nature,
the electrokinetic-related processes could be applied
for full-scale in situ remediation of any porous
media including clayey sediments. The coupling of
nano-Fe;04/S,0¢> process and electrokinetic process
would be a very competitive process for the
treatment of PAEs-contaminated sediment in terms
of remediation time and cost.

Keywords: Sediment, Phthalate Esters,
Nanoscale Fe;04 Persulfate, Electrokinetic
Remediation
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Abstract

In the restoration strategies of river and lake,
besides controlling pollution sources and building
sewer system, dredging of contaminated sediments
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from the rivers or lakes should be one of the
important issues. Most of contaminated sediments
often contain high content of heavy metals and thus
can not be disposed of on the land without proper
treatment. The purpose of this study is to develop a
continuous bioleaching process for sediments
contaminated by heavy metals based on the research
results and findings obtained from the previous
year’s project. The optimal parameters and
performance enhancement of the above bioleaching
process were investigated in this study. Meanwhile,
the fluidized bed reactor with zero-valent iron (ZVI)
was applied for treatment of the metal-containing
solution produced from the bioleaching process.
The results showed that the pH, sulfate
concentration and metal solubilization can reach the
steady state after 3 hydraulic retention times (HRT)
of continuous operation. At the HRT of 10 days,
the maximum efficiency of heavy metals solubilized
from the sediment was 52%-60%, 60%-70%, and
62%-70% for Cu, Zn and Ni, respectively.
Meanwhile the efficiency of Cr solubilization was
below 6%. The efficiency of heavy metals
leached from sediments in this continuous
bioleaching process was not enhanced by increasing
the inoclum. On the other hand, the results of
response surface methodology indicated that the
maximum efficiency of metal removal from the
bio-leachate solution was achieved at 10-20 g/l of
zero-valent iron (ZVI) dosage with 3-10 mg/1 of Cu,
7-20 mg/1 of Zn, 2-4 mg/1 of Ni and 0.3-1 mg/l of Cr,
respectively, where up to 98%, 20%, 25% and 90%
of Cu, Zn, Ni and Cr were removed from the
bio-leachate solution.

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

Amendments of Soil and Groundwater
Pollution Remediation Act were promulgated on
February 3, 2010, in which sediment pollution is
regulated. In this Act the Evaluation Methods and
Writing Guidelines on Health Risk Assessment of
Soil and Groundwater Pollution Sites (April 26,
2006) do not directly apply to sediment. However,
the Evaluation Methods can be implemented to
sediment, according to Transitional Enforcement
Directions Governing the Soil and Groundwater
Pollution Remediation Act after Amendment and
Promulgation (May 5, 2010). Therefore, health risk
assessment of sediment can be performed
accordingly. The Evaluation Methods adopt a tiered
health risk assessment and the highest pollutant
concentrations are counted in exposure assessment,
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leading to conservative yet overestimated risks. In
other words, the overestimated exposure during
health risk assessment will result in a remediation
goal too low to be accomplished. Bioavailability is
characterized as the availability of chemicals to
microbial degradation. Bioavailability of a chemical
can be measured and regarded as actual exposure
concentration. Presence in the matrix of a
contaminated site, pollutants are with the actual
exposure concentrations lower than their total
concentrations extracted by the exhaustive extraction
method indicated in regulations. The exhaustive
extraction method poses a concern of overestimation
on exposure. Also this study found that optimal
bioavailability measurement for the sediment
pollutants could be established, through which actual
exposure concentrations of contaminants in sediment
has been obtained.

Keywords: Bioavailability; Sediment;
Contaminant; Actual Exposure; Risk Assessment
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