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This project takes chlorinated solvents/organic substances as target pollutants as non-
aqueous liquid (DNALP) sites. Tthe biological remediation method using microorganisms
to degrade or change harmful substances into harmless or low-toxic products is relatively
economic feasible. However, the substrates in the market are less selective, often need to
be imported, and have problems of patent. Most of the biological treatments using the EOS
substrate is approved by the US Environmental Protection Agency, and most of them are

still undergoing experiments and/or field tests.

Our team has successfully developed the "micro-bubble generator (MNB)" and "relevant
ionic liquid (TEE)" (as a kind of substrate) for removal of high-concentrated ammonia
nitrogen from wastewater. Therefore, both of them were applied in this study to degrade
chlorinated pollutants in soil and groundwater. The preliminary results of the mid-term
report found that the TEE substrate can promote the formation of ions, and their
conductivity of water increase sharply to 1,600 mho/cm. In either pure wastewater or soil-
based media, TEE substrate can effectively degrade CAHs under aerobic condition (DO
5~7 mg/L). Micro-nanobubbles (MNB) with 157.5~180.8 nm diameters are injected into
groundwater contaminated by CAHs, and VC pollution was efficiently degraded within 5
minutes. Mixing 2% H202 was not respectively increase the MNB’s efficiency. The MNB
was helpful for reducing chlorinated pollutants but not TEE substrate. The whole

experiments reach steady state at 20" day.

The price of the TEE substrate is about NT$5,000/L, which is about 1/10 of the price of
EOS, and the dosage is about 1/500~1/1,000 of the volume of polluted water. In the case
study, the cost of pollution remediation of TEE is about NT$21 million, which is 1/2 of
EOS. Even if twice the dosage of TEE is required, the cost of pollution remediation will
increase to NT$21.24 million, which is still cheaper EOS remediation. The TEE is still
competitive in the market in terms of treatment cost, remediation time or cleaner

production.

The project is chaired by the National Taipei University of Technology (responsible for
academic science, laboratory testing and analysis), and the two Environmental
Sustainability Co., Ltd. and Dolysin Technology Co., Ltd. provide rich experience and
financial support in practical and technical aspects. It is believed that the feasibility and
market demand of the implementation results of this project will be improved, and the

model project of next year can be continued.
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R1BENFARTRESRARTRYITEIEIE T errerenensesnessssssssssssssssssssssssssssssssssens 2
R2FM 3 AT AZAE TCE BRBAAF AR cccnncsisscsessssessasssens 5
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CRAKREBAFTRZMTRARSLENZ — > G =4 CH (CHCl;
TCE) > W& CH (CCly» PCE) %4 A A5 854 (CAHs) - B A A
80%ey A2 B &35t (superfund sites) FTH RS FHTRFTE - M2 AEREM
Z A AR ERERELT NG (RCA) RE2H R CHEANBh E S L3540 - &
¥ CAHs AR KB BARH I R & A AR S 451 - BREEXRZFTEMZ— 0 LR
FEUEE JEk4REik (DENAPL) 75 FRF AT RIENF » RIEHE P it %
BATE N % A7 CAHs 2 376 Tk - @43 T AMEH (GCW) ~ R4 At
(ISO) ~ % 4834& (MPE) ~ Auig M R4 %06 (EIB) #23k T{&4 (NZVI)
KB &K HAEH T ko K1~ o 7 DNALP 5 4 355k 8956 & 47 8 & 27 05 A
BESFEALUAELE - HIWTARE - WHEMHZ  RENMFTEZFLAMBEFTE
B Lk BRAMBEETIT c wB2Hw 0 FRRBRAESFAT KT LEHRILES
T A F > EIB A4 A 28% X tetp] » RN ERENE (29% ) AW BEFRE
GA AR AN ERRELER EMERARERBRFLEY > BN K %A EIB #4iF

BT RTREEEW -

EIB Bt ¥ » A S B TR AN A RATERS Rth » RE BR HIER S
DAY RMEMAMT AT FRRMETIRARIE » UK K& B ARF %
# (TCE~PCE #1 VC %) AR R&EBTLEMET AR FRNREEYD (T
W T E) o R EAR 4o Bl 1AF R o 2 K SR A AT 8 i R T K 1R g Ak AL B
B BEREBERAYL  HEZELGRAERRD BT - A ETREFZHER
K45 B A #4 (Green and Sustainable Remediation, GSR ) A8 3% » sA R IRIR HE 4L
FIAFT RN KBy 26 B AiTiB g -



RIBNFTRETRERARS LA RELTE (R EEE)

A xR SRR | EME | F 3 H & Bag
WA M @3 )i} (FEHRkB) RBE
T AEEH (GCW) i A TR | B FREIK SR ]
% 8
bl R | B% | b | EAEmK | @
3 AL 2 A ALk ‘ R 38 o 42 5
(1ISO) AR LR W # #
23k BAR 48 * = i
T(;Z\jf )ﬁ i A AEZ | ¥ | REHME 33
BER:
poih ?E;“';‘f; &« §A | FER | K| RENME | &

}1%,1-003
y %
TCE cis-1,2-DCE —_—
:> :> J iny
e % :> Chloride
0 %@ = :L
) trans-1,2-DCE Ethene
@ Provided substrates J
(food) and hydrogen Ethane

FN oo

Complete Mineralization

@ = () Electron Flow

1 4 fU BA R AR AR T &
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MR B8
HRRIRE (8)
o BEEEZE (14)
3% [ 6%
HHEMREE (1)
<1%
BN R B R
(24) 9% | ZRIENE (72)
P RRTOORE 29%
Z AR E(26)— Tl
10%
{LBBE (30) = MR (70)
15% ’

Fik 4R R © USEPA, Treatment Technologies for Site Cleanup: Annual Status Report (Twelfth Edition) (EPA-542-R-07-012), 2007 °

B 2 £ BABRAE A I T KI5 2 30 M 28 By 2 JE A EEAE)
—~HtRB &

BATEIB #4734 A £ RBMRERTXHAE (WwEOS) x> BWFAYT
HBRMARS - FEo BH EA AR - MK R AE RS R AEMEEF R (Transfer
Energy Element » TEE) > /£ 2 A3t & B BRBAE » BTz BAF T3 > e — 24
RIBHAMT BRI ~ RO AHE %’T%¥%ﬁ B R IR A~ G
ﬁ@&%%iéiﬁ%%”’&h TUEGH KEE > BATGRFME - XM
TR EENMEI T

1. NEREEIEH CAHs /5 £ X R R B R E B & Ak B TR
BN °

2. tb# & EOS A H 2 K A4 2 TEE R ¥ CAHs 5 %4 > R L RAEKXE Hpo
B RERRT F AL e

3. RIBEEARAR > BUMERABELS > /A CAHs 75 F HThaE -

4. A E R Z AR ST A S AR T AT -



SR 202270 5p T & (4:13 é



X EK )8R

=~ XBREAR

AEH A CAHs 5 £ R L RIBHMN > BEMW EIBEMHERAZEY - %
ARRGAHMBER > URESRALESHOATE® °

3.1. CAHs H B &8 /5 2 |/:%

CAHs {2 EAEE ~ #HSHBAR S5 > % Reys# a4 PCE ~ TCE & VC
% HENEHIEARMAER - BHEKRELA1,100~1,600 kg/m? - PCE Lt ZEK KB
BIBERRE > W EAMART AR RI  FRAN6FZX > % PCE EARRKALGF
BREZ - BEREREAET - BHMHFEMRCET HRE PCE BETHABRH MR
A REZBFREREY  BHAEANNE - TCE EABEZ AR RE MR BR
MEFEFR O ARETITR - BB - AT7IIREFHTREEA TCE A M
(Jollow et al., 2009 ) ° Hansen et al. (2013) & #¢ B 1947 £ 19894 % B T4k i 4 45
TCE 895,553 4 T A * RATAIT @ A20N B EATHE - (2R &P H36NEENE - F
THEBRATEERATAN  RAEMMWEION S BB R LTEMS B32A &£ RAH7
fEe)—H AN (R2) BxHEEL TCE R TIEW I AW TIE - T2
JEH R o BATATEIRRIEAEE (AT HMRMAE) TRITEEFREITE
AF CAHs ZAZE > ¥ F K% 51 40.05 mg/L > LA KKBRKEREE A mEE
0.005 mg/L °

K 2 -~ AT ABAE ) TCE &% 48 ¥ A% (Hansen et al., 2013)

&% f 3R % B R Vi szt
ER | 18 | B% | fafF | % | fafE | B | i
FF 8 (A 30) 19 10 9 7 8 3 36 20
B RE (AR 16 15 11 11 5 5 32 32
FrEmAR) | 11 5 1 1 4 1 16 7

BAREPRBEIOTFIIAKEIN6RBBEFREZ TR AP UAHBARR
(F3935 )~ £4 8 (3435 )~ Aata L1 (3235) Fkx (E3)- # &8 FEMH8
PIBmBEERR  BRALILHAERERERFATER LGN RAKHAESL
BBR T RGN T LR RAHRABRNTE TR T EARN A -



LR 02022870 5p T 04:13

—BEE m
% b u SEStEEL
R i u SEHEEA
& H%E EEm—— e D
g - o o SEtRE
g in{;? :._ - « S EtEECH
B gms w iE/E SR
TPH _- - mme wiEfEp it g
HEEB o O
0 10 2 3 " - 60

Fisecs

5 1LEEFEITEER 107 £ 11 7 - {78 116 EELE -
L—RREERIEEEREF GEE28) €8 (EE28) £-

3EMEFFTIRCGAERATFRBELEMBAE A (RMAEE > 2021)

3.2. CAHs %6 H4k

DNAPLs 75 £ 351k 2 206 BT T o0 A 8 (ex-situ) R IR (in-situ) HwFE o
BEM R IFAMM T AMMEEEZG L BELRIEZSAOEREZE ¥ RAHIE
AR R L (pump and treat > P&T) (BE4) 5 B2 4 iy @4E 2 RUEANE ~ EIB
oo £ EIB A B AT L2654 % (BS5) - EIB M EZRIELAERAE
BoREMAME AL NRRARE  KBRFBOEENAETREARLE - B di
AMBERRERKABRERER  RARMNAGERIEAZL A TABKRE > vik
BREGEBRBAAR © EIB SUlTAA BN A bt 2oe ity - EFLERE > AREH
HRERRZGEE M (KA > 2016) - &b > % THRKRARE 2514
¥ 78 % EIB Mt 2 A% v -

~——Filter Water Treatment
Water Supply — Nutrients (If Necessary)
(If Necessary) — Aeration
Former
LUST Loco’ion—\ \ 0‘5""9‘
e
Tgms'or
Injecti mp
Well | Tonk
e, - 2] Adsorved Prase
; / P oissoives Phose
z 3
\ . o*
- -
Monitorin D 0
Wells 9 ." 4'.
.
’(}.roundvohr ol -
ow
Oirection ——— "> __ . Fgroundwater,

B 43 RE xR ~EE (USEPA, 2004)
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SRR B R

Biostimulation Bioaugmentation

Nutrients
Microbe 1

Activated carbon

R-C1 Cttlmllcdpollulanl
B Dechlorinating bacteria

5 EIB 47>~ & B (Xiao et al., 2020 )

%ok BIB Z ik > €N BRAmAENERAEZRY > wRih -~ 2458

BE IHFETTREL AR TALIREEZE T (FXHFLEEK) R

REE 2 AA M A LR RABERME T K 0B o 18 F 4 AR JEMH AT Ao
S ATETHESE  RAREM IR F BB RLEEAETTFHESE -

Jugnia £ A (2019) &4 A B HdeEE RXD (Royal Demolition Explosive )
FE 2T K AR Z 0 2 o A O RDX #7468 B4 17~143 ng/L
F AR AL AT (0.1 pg/L) » 14 45 75 @ 4 238 ROKAR & 4 B A8 - o p
BREZWARH G TH RDX /5 F36TF KA KB F WIS - MetneEEA
i SRR R A AR E A AT A M EAE (B6) » 7T & EIB Buili ik A AL SR
AEHERM -

1500

MW : GW-8-35

1200 ¢

g 8
S o

8
=

[TOC] and [VFA] in mg.L™?
S e
——
[RDX] in pg.L~?

RDX contaminated groundwater flow

6 EIB 1% Al £ (Jugnia et al., 2019)



3.3. A EAEBRIN

o R3PTT 0 MEARXAMERERAY  XERD S AEE - b - - 47 -
d5% g > JLEL (lactate) RAW AR FTANAY X R EBEAMALRE
(acetate) R M ELE (propionate) (Aulenta et al., 2007; Lendvay et al., 2003; Scheutz
et al., 2008) ° L& (whey) ~ A4 5 T AIRAR I A MEA M Bk Fo SR E Ftaek -
dedh 0 BITARA T B AR LR H ) LEEE AR A3 38 &) (Hood et al., 2008; Perez-
de-Mora et al., 2014 ) ° &y 7> ¥4y 32 L L ik 4a tb > EIB 87 69 R B BF Rl 48 i
st K E T B R A BT B s Bk B — -

* 3 B EIB #4#7& ¥ CAHs £ A 2 A E R &4 (Xiao et al., 2020)

Target Area Electron donor/ | Major prod-
CEs Carbon source ucts
TCE Dover air force base Lactate Ethene
PCE Kelly AFB, south central Texas Methanol and Ethene

Acetate
PCE The bachman road residential wells Site Lactate Ethene
o . : Vinyl chlorid
PCE, TCE | Tarheel army missile plant Emulsified oil " cRioride
Ethene
TCE Launch cpmplex 34 (LC34), Cape ca- Ethanol Ethene
naveral air force station, Florida
TCE The Fort Lewis military base in Ta- whey Cis-DCE
coma,WA
Cis-DCE ) .
ISV C Rugardsvej 234, Odense, Denmark Soya bean oil Ethene
TCE Burlington and ocean countries, New DCE
Lactate
DCE Jersey Ethene
. Vinyl chloride
TCE Gl. Kongevej, Copenhagen, Denmark Molasses
Ethene
Cis-DCE
TCE Southern Taiwan Brown sugar Vinyl chloride
Ethene
TCE southem Ontario (ISSO), Canada Ethanol Ethene
TCE Metals and halqgenatec‘l organic com- Acetate Ethene
pounds contaminated site
TCE TCE contammated, water—bearhmg con- Lactate Ethene
glomerate site near Tracy, California
PCE Edwards air force base Lactate Ethene
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N %4E R ey R E A EOS ~ IMS & Eco-Clean % (%4)° EOS A :2BBI%E -
FERIMAURA G EEMATZRALRAENERL  ERARASENHHERARELR
RaERE - HoKRAMEROSEEBARK HEHRXK BEMEENE
T i 4 gst%’z HAERBBEAERLASERE LG CEZEANHER %S L ER
K2 8.5 £ 354k -

FABRNFERAAG R X (Rt E%)
B H EOS JMS Eco-Clean
. RAMKER - W@HR
LM, Z8 LM, =&
jus) Bx ©
CR BMREH L ammm s mAllL S RAKER wR
2. \’%Hb%mﬁ#ﬁ] ﬁﬂ | — | — = —
@fi%@ %Atk/F;gg }_Ljﬁ L}ﬁ"‘—'—ﬂaﬁff‘ Z»}:*ﬁ ——ﬂz»kfﬁ, = #
%?% ’ AL~ RTHE - Iz, ™AL - =&
TR |, ;ﬁ%mo) 2. RARBEALEY I ZA| TH - ZRTK -~ =
gy PERENOD e sk 2| RTR- AL
4, RILREELB T NE s -
é’xggo %‘L?}:’h 2. ﬂ$"_’h)\o
a < 3 /\ : V2 i id RE /> : * aa;:
B L B SRR miljﬂ 45 15
. . Cm e g5 o 45 o
(radionuclides) - i 4%
B B A4t & — A1t
b o
1. ERAA D 60%8 & &
BR T~ 10%EJE1. ERG BT AD
BEF R SLALE] ~ 4% @ ﬁ@érW‘WL hAKE 4L ER
I FUER AN ~ 2% 8 BE 4R CREEFR & HYMEFR DA
EE» B 4 B 24% ) K o e %ﬁ‘ﬂ& SERA| PR o
M thér B12 o s by o . LE I N/A
2. W & 0.96~1.00[2. & : N/A 3. KfE D N/A
g/mL ° 3. kA2 #04-0.7um e
3. Kf& D #41.0 pm
R~ TRECMEAE - ZE R

YRk BAbREE AR S T R &R BT
N~ Tl N ST

B - L TR BRI RYE TR

BIEF S EfE E -
. o L LY ERE -~ 85 BRI -
5 TN E—“i s NS N Y
P L T PR I e Py e
AR ARE o B
A o\ o
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MEEEREREH ML TERE L LEWT AT LGN (H6)> £ FH
7544 % PCE~TCE ~DCE A VC » #5675 EOS R REF X > 454 " BN
BomE R TAEmmBEF R BT RRw BT NS _REEEL R
PCE A TCE R E %% F Mm% DCE A VC 2 A&V eibésdh -

RE(mg/L)

SB-W02(9m) SB-WO05(6m)
100 i —
o —E12"EZE —eDNEZE 10 "——§-12-"HZF ——REZH
80 —e—=EZH 275 — 10 ——=ZEZR HZA |
70 :%_ggg;}ﬁ | SB=RERER o 10 'e—merm BEERITaE
60 H B a0 ! :
50 1 g : 1
a0 - E " 1 i
30 : 40 : 1
20 1 20 1 i i
10 1 ! 1 1
_ H Fr——o—1{—3 . ! ] o
! © ot 5 0 QAR ® oW R IR
& \’\\6’ ® SR UG A o o o q\@\ q\\\\ q\o\ x°\\\
o o o\ oN o\ O () g > & & & S
S g S & & & S » > S S oS 0
IRERESHD

g 0.05 “ ' 0.05
PCE BEmMg/L TCE BEmMg/L

B 7 #3bh & 435 EOS 442 CAHs Z % & (FRE N3 3=4)

10
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3.4. &k £ (MNB) HEAR

MNB & B & & #0k Fo 2 5k & 89840 #.98 (Alheshibri et al., 2019; Liet al., 2013 ) °
— MR MR FOBRAR N 40~1 um 0 T 5k FOER AR um (Haris et al.,
2020) » HEAEMho £S5HR o BT REAE NS MNB 2EAB AN A @ - 8BS
BREEM > AXKTHRBFEFRUARAR G A RSB A FTEEE - LB Mg
MNB A #> 3 F K75 3 506 teF 469 2 f7E Ak (air sparging) & 4 Z2~5 mm
( macrobubbles ) ¥ % & (Haris et al., 2020 ) °

£ SOk~ Ak R KAESM (Haris et al., 2020 )

bubble type diameter range (um) properties

bursts at the surface

rises fast (retention time: seconds)
poor mass transfer

small surface area to volume ratio
less hydroxyl radical

low gas pressure

macro-bubble/
10%>~10*
traditional bubble

bursts in the bulk liquid

rises slowly (retention time: minutes)
good mass transfer

large surface area to volume ratio
more hydroxyl radical

medium gas pressure

microbubble 1~10?

shrinks and bursts in the bulk liquid
brownian motion (retention time:
hours--months)

higher mass transfer

hugh surface area to volume ratio
more hydroxyl radical

high gas pressure

nano/ultrafine bub-

_3~
ble 10~~1

11



4o B 8777 » MNB 4o 5] f B B oy RAIR B > dF R — B KRH (Guo
etal. > 2019; Khuntia et al., 2012 ) » & /MB R R B SR BEPT L E - RARTT 58 —
AR LEAM mMARMEAELREMMERAEET - MNB Hi# éﬁﬁ#ﬁu#ﬂsm%&
/1% (hydrodynamic) ~ # £ (& # )~ €1t £ (electrochemical ) 2 # # I% B
(mechanical agitation ) ( Huang et al., 2020 ) °

Surfactant
4| molecules
, 3 ‘—» Liquid shell
\4 % . &Y )
‘ : — —Gas
y ="
v

B 8 #4%k m.e M (Haris et al., 2020 )

Mg % RUB 02 E W BMNI0 um > #R R0 T B ERRM o & RIBLEK
BERYTOUEIRGREMBAN  EETAETMFILBERLEAHNEE > B4
HFLamAEET o GluABkTF Q8T AFRETE HyrXadXi (OH)
BEARBGBAAER » TR e 5 AR — oS E RO A M5 224 (W XBy) > A B
PG AR (Llu et al., 2012; Takahashi et al., 2007 ) - MNB & A # [§ #K + F
A FERE > o aibe s Z R8O > HEBAE T LM (k6): BRMR

R J&E A 73’*%%%%&%%&’354&,%‘ T~ LT EREBLE 2B ML
PCE 52 13E RMT K (FTEIRBEHREFE > 20182 & 2018b) -

ARf o MNB 8540 H FLIRBAA R R ZIR © kot 2 B/ R EH ~ Rk
BRNFRIGER ~ 52 MRIEZEHF Y (Klammler et al., 2020) ~ $L40 4 M5 8 8Y
R F AR R SR F R > AR MNB BT Z AL EDH © ﬁﬁdﬂa B A
E MNB A7 89 s AR 1% 4% 22 7% (Rizaldi et al., 2019; Vion, 2007 ) » {247
BRAERANBHERETTEOREDTH °

12
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SCRK =) B
5 N 2 =3 N .
F 6 M Ak RBTERNMT KT L5 £4] (Haris et al., 2020)
Type Initial concentration Reaction Removal rate (%) Size Gas/ Working conditions and year
time additive
1 methyl orange 50 mg/L 50 min 100 265 ozone reaction tank 20 Lin lab, 20°C  ,Xia and
nm Hu
(2019b)
2 methyl orange 10 mg/L 30 min 98.2 247 ozone colume test: 0.12 m diameter, Hu and
nm 0.76 m high, glass beads Xia
(2018)
3 methyl orange 10 mg/L 30 min 1 247 oxygen colume test: 0.12 m diameter, Hu and
nm 0.76 m high, glass beads Xia
(2018)
4 methyl orange 10 mg/L 2h 99 \ ozone colume test: 0.1 m diameter, Liu et al.
0.15 m high, sandy soil (2018)
5 Industrial 4500 mg/L 14h 63 266 ozone reaction tank 20 L in lab, 21 Xia and
wastewater (COD) nm °C, pH 9.9, high salinity Hu
(2019b)
6 Contaminated Benzene (31); 30 min Benzene (98); 267 ozone reaction tank 20 L in lab, 22 Xia and
Groundwater Chlorobenzene (15); Chlorobenzene (97); nm °C, pH 6.7 Hu
Nitrobenzene (503); p (0)- Nitrobenzene (67); p (0)- (2019b)
nitrochlorobenzene (10), nitrochlorobenzene (35)
mg/L
7 Trichloroethylene 10 mg/L 6 days; 9 99 247 ozone; field test in an organics Xia et al.
(TCE) h/day nm H,0, contaminanted site; 6.5 m (2019)
below the ground surface;
sandy aquifer (hydraulic
conductivity 10—6 m/s)
8 Nitrogen 40 mg/L 24 h 99 25 pm hydrogen laboratory-scale cylindrical Eamrat
reactor with Enriched etal.
hydrogenotrophic (2020)
denitrification (HD) sludge
(microbial community), 32 °C.
9 petroleum 8000 mg/kg 120 min 70.9 220 ozone 0.04 m diameter, 0.7 m high Sun et al.
hydrocarbons nm-50 column with oily sludge; (2020)
pm
10 Butylated 0.9 uM 60s 77 14.64 ozone a batch type reactor 16 L, flow  Achar
hydroxytoluene pm rate of bubble generator 75 L/ et al.
(BHT) min; ozone flow rate 1 L/min (2020)
11 n-Decane 3.3 mL 72h 42 49pum  ozone a glass column (15 cm x 2.5 Kwon
cm) with glass beads, gas flow et al.
rate of 2.0 mL/min (2020)
12 copper nitrate 500 ppm 6h 18.48 171 Hydrogen the batch test with soil (sand),  Kim and
nm solid-liquid ratio 1:20 Han

(2020)

3.5. LETFRFRRREBTH

AL 3 47 (cost benefit analysis, CBA ) A4 & B Feh A K > FFHREBUR X
HERGEFHRAT - SHEBAHMOR AL BREARELREFILORZERE > %8
TONTRE B FE o BERBERENT X ARG REHEME (FRwHA >
2001) c FERNBRAAGHERHJURFHER T FRAAE ML REFZ
R GEEEMR - ABERAIEE (REZE > 2013)

KRBBEEARBRISEIOSEL  OHITAMBE LR IERTARKTLRAS
HEGBRAEIMER - WwRTHT 0 ABELREE LB B ERBASE
Wt E A EAR NA3~90F U/ R 0 G E 4 EAR A68.6% /R o

13
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Rk TRBREILEALE

>

AL HH R
ks (+7)

TERFRE SR K (LR 0 2017)
HERE
FE (+7)

L5
T4
&R
# (%)
%1 # 8,660
21,966

2004 15,675
%23 | 2006

AE S HHE (R)
%33 | 2007

HAEE
B ak
8% | w4
%4 A

1 CF
HE
55.2% 100
15,132 68.9%
51,807 40,455
63,615

2009
%5 2

ES)
25
2010

270
78.1%
45,009
47,000
%6 #

15 577
40

20 | 756
80 50 | 809
92 50
6,010

2012

337
70.8%
%7 A

97,232

2013

463
11,992
73,545
%8 #A

12.3%

8,617
2015 87,900
et

900

34,827
11.7%
16,885

458,740

105 | 20
19.2%
146,750
FOHARR | 2B RE TR BT AT $

600
805

20

1,693
32.0%
o

431
1,056

39 433
43,693 2,203
RO

214
HE (B=F) 96 FREBEIRIERT KALBESRAENE - BEIRIERT K

686
AEBEIRIERMT ARFTRLBELAS
FRBHEOMAENE PEBEIRIBATASLERLARESHE 2ARET
R B3R R KT J B S M AR F — A 102 F RS TR LSRR T AT SR
Satd)-

BAEHE 104 EEBEIHRIERT RS LELFERAESE BHBEELRTLEA
FRBEREHBELIIEWT AT

e 236

27048 LA L35 ht b & F A B B L AT EATIAE 0 A MK
W LML~ HT KRR R R E A

BH#rE A FM (US EPA > 2016) @ 4H¥

a ?g}(\‘ﬂﬁpﬁ > :':.i
Ho &b

2 E‘i_ﬁ i

° ERAXE LE T
KRBT EMAERERIRE FH] » £ F1B 4 £ £33~5587L/% - KRE
thtEHmLEAw (2017) ARBE > BRHETEIZRAETANEFI128T/FF AR ~
B b kB EBER Lk B 2223790/ F F AR~ iR AL kR A Y
R ‘

it

Btir & A
£
BELI T K dh i ROR B0k B ¥ & ¥293~2,980 0/ F F AR (£8) R L3EITF K
R B & BIGRILTA PR E > A5 B A8 R34 o

RE



X EK )8R

28 HKBBEIHALE TGN RET LB LEE - mEEEE (REAT
2017)
= . RELERH 37 bt & & 48 Fu

S 5__ B =]

o A&k (%) (m?)
HEL 13 560,559
M 9 67,955
WA RSER L/ AMAT 1 89,156
WERMHB/HEL 38 454,814
R L/ EEE IR L 2 14,084
MR/ E LB 1 34,582

EX |
B 82 5 RE/ L3R BE VR R /RE M B 1 8,010
R T SRR L S 2 32,611
L SRR S ] 1 12,108
WA/ LR Rk 1 11,809
HEL/AMAT 1 33,000
et 70 1,318,688
13 A% EE 1
WFA: RfiE 365,025
1 MBARHEL 1
WK A2 AL R I K/ A R Tk 12,986
F3Z D PR /BRI E/ B ML A,
. /e 1
N 'fb/i‘/i#@'fi'ﬁ 20,300
2R Tk H ok REEE
N S N e L S T |
Wk & B 14,394
E3E B /B M
T K A2 A AL R TR/ 4 Mk 3 R/ 1 178.463
H BRIk '
N 5 591,168
4 Wk R R 2 66,485
MK |3 H R R E 1 2,373
Nt 3 68,858
4zt 78 1,978,714

Bk St R A TS RAE RER TR U E T EZ T GG -

15
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By iR (e TR HEE)

W ARREIERERE (ST EEHSR)
4.1. AR EH

A ERMBLEI T BERRBKIEAEZ CAHs 5%k (LAMA
B ) AFAEE S AT RZRBRIER » LET AR RA AL FZIIN EHFEHR
BRAER 5 BH AP Z TEE » & —# XK £ Win w N —FE 85 A& W 4L - B
FHPAREE BT EZ EOS R H LB #H»N CAHs 5 £ k% - 2 7 TEE A
Mlseairsh > R E TR mAME K R (MNB) RIEE > IR DNA200%5 K R
mpEAEHE (OH) X A4 > Mo AR AR -

A &K
wiEmE [ % 3 ]
EOS
DI TEE
Water

2BEEY D :] B BOR JE AR / % B A A AR Dq 0k fa .
(Bt LT AT H) (48 . Hy09)e

b R VET: T

O Rt ERME

17



4.2. BB ALY

R EERBIET o AN > 55 AR IEAE R E B &AM > o BIAT
T A0 F T W ARAE PR E AR R E A (B10) Hik MNB /AN -
PFAERFAARAR BAER O LR D RIS T F 0 H A ho BARRARBF A BB 1 4T o
FHAEEZBERA ST FwEE (nd) % > L@ 23EA CAHs X HEM T KHE R
ErS RKEEBRRE - MEAEXROCEALS  AE A WETL > RAKEHRMIALE
(B11)° A3t EZE A2 A E €4 EOS & TEE © » % b1 3] SR IBA N A RN
SRBRBEARERMARARE (B12) Ris AT KR & % R RERE
W 248 & o b AR 3R H R A2 1 740.05-0.002 mm X B 0 FENA AT KA SL
Bk LI T KT L EEER -

-

EETREM
AT X
Ex EX ] @
EOS/TEE
B ER
%*gﬁ
el K MBI
R R RR M
EOS/TEE KE #HA&TH
A X
o X X X ’ N Y
Water g
Dt | BRRBERS

#R R IEA

B 10 At Z %3t = FA R JEAE BOF B % 42 35 15 [

18



LR 02022870 5p T 04:13

By iR (e TR HEE)

11 At E Mg 25k R0 E AR H

12 A3t E4 A 2 EOS (a)& TEE (b) £ €~ £ B

19



4.3. B8

kit

5 5%

IR A4 R I C AP RERT AR AR ~7T > #RE AL CAHs £ H

Z EOS A TEE B E R & » RKEr4 KA EMHIFE 2 MNB ¥ CAHs 2 H % - #1K
IMEAIRIFAT MK E F » BTS2 T RASFE ST (REBR10~12) » AR UG mia

K E2%i8 .4t &5 % (Hy0,) Auik

MNB £ A B3 P $2 o 25 03 B

k9 Rt Ex R AL

ek adAEAE (2008 FRIK,)» BHEMAEZ

8.8 RBEZER RITRFH SRIBTARAH
Wik L B
@R | g | % | |TEE| EOS |MNB| " © | TEE | EOS | MNB
1 W-0 v
2 W-TEE \
3 W-EOS \
# &
o I v
5 WS-0 \
6 WS-TEE \
7 WS-EOS \
8 WS-B \
9 WS-B* \
:Zi 10 | WS-B-TEE \ N
11 | WS-B*-TEE N N
12 | WS-TEE-B N N

#3E I MNB A8 &k 296 5 B A%

BEY -

@A b Emik Fe K

A4 Z4 s TEE & EOS

R EEZBEL B RI0/T 0 2R NFEGHEE
/E Q’JJ%IO mg/L /{9—5:;}%)\,57](@]%,&}?;%71:5]%:})” ’ ﬂ+§éé%ﬂ%lo(/‘fﬂ@%]/ﬁﬁ

20
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BRI ki (e TR A HAE )

teinds iR (C/ICo) R EH RT3 FEmER o iR Brk R ARG R ik
#% > EOSHE M AT % M #2015 » TEERI R E MR TR - MELEMELH BT
KR8 A2 1/50~1/1,000 » & R £ TEE A Ao g # & EOS 21/10 » 24 0.1~1.0 L/min i&
REN BATERMBOKAER > RBERA30R » At EEAZ MNB &2 4 4
100~1,000 nm > HHbR K5 F M —F48  BEMGDIN5Y% o

F 10 A EmHZBEL2H

#AFIR B E 18
mOR | BHRIRE B 206 AL IR L *
L]
¥4 mg/L 71 2R 2o g B%, 2R
= ¥ 15
CAHs # 45 /%}}){ PCE 0.05 10(x200) 5(x100) 0.05¢x1)
TCE 0.05 5(x100) 2.5(x50) 0.05¢x1)
DCE 0.7 -- 14x20) 70(x100)
VC 0.02 0.2(x10) 20(x100)

i*ﬁﬁ%ﬁ%ﬁ%i%@ﬂ&%ﬁﬁﬂﬁﬁ
(AL E R E BRI %)
FE 4 1 42 cm (D) * 105 cm (H)

REAE 58 AE
PR R IER 1 40L (61 cm *42cm *35cm)
‘ EOS * ¥ & %75 #KkAH 2 1/50~1/100
HRE

TEE : & B 75 F /K32 1/500~1/1000
EIEME HLAZ A70.05~0.002 mm Z ¥y +
AEAENRE |1 mL/min
AR &8 K0 | 100~1,000 nm
B B T 30k
BE: LB S B LA AR BRERET RRILAEE

RBI~SZENREAMNMEZIER » B UEHARRIEHREITRE > w5

fo

1. R ELHRIER T » BEASOOmL %5 22T K TRFHIE -

2. HEBARFEMAY  KREANESBH OBHR O EH -

3. EOS 3R > UE EHREEMEMWA25 mL EOS ( F#H 204244 » 325 mL 1&
21



B Asktsisdeig b 3949804 > UM oBEFRa FH -
4. TEE B > AT ERREEEMA2S5 mL TEE (R& > RAEHE) > Ak
IR LIRS > RHEOEFR O EH -
5. RBRBRAFENRZES B8 AL ARH M E - BRAEETHE o
6. EEREATZHO 15101520 25K30K > » 3 EAT2E R4k - B4R
5 #5~10 mL -
7. BARMZ 0 LB EN AT OB E I o
8. FBUFHSK 0 BEABITEEBELNRE NN RMEE -
4.4. A B 5 H
At E N 4HH CAHs R ¥ 2R B R sk RO E BB 047 0 KRR E T Bp
BFE Ak F DO ~ EC 5 CAHs R 2L R48 8 #7 8 4k 547 &4 TCE ~ DCE & VC ;5 &

6L E A G A2 R AR @ B AL A AR AR R HOR AR KN o BB AR R R B e R 11ATT o

1 A ZEZARPIIEB ~ FIEREH

R E B R AR EREBRS
BE (DO) | KPBEEMRB I L — EiRE YSI 2030
ii% KR EE R R e — BB Ak YSI 2030
AT (CI) | Ak I BT AR o ik — BT B 4 3 AT R R
( Metrohm Eco )
E IR . et At o] s B e
A 7K P FE A AR A A IR R F R RAB G A7 H LR
%é% FABI/ R AR AT H AR L ( Agilent 7890 B)
P B R @Bl R

LATF 5 3R 7R Bl AR 25 B AR RI0R B 3 A ] S B ~ B S ROGRMIRIR

1. FHAKRERAE * wAIKF DO ~ EC
AFEFRAZRETRFRANELAE TETENER
EHEEN T RBEER -

W
pis|
3
e
|
-
e
&
%ﬂl
&

22



LR 02022870 5p T 04:13

By iR (e TR HEE)

F 37 X AKE RABMR
i YSI 2030
) -5~55°C
0 £ 50 mg/L

&

Sy
y | om | m
H H H

el
)
KT
P

400 £ 999.9 mmHg

2. BETFRAAR T ARBIK T REET
IHBETRM& > RELRRIEEZARE >
1 15k 2% A 2 5~10048 #5188 5

(1)
2)
3)

(4)

KRBT AL Z 8T M % (NIEA W415.54B) > B2 & B2 &4

3 R iét

’fé/ﬁ g'% °

3 3E B AT o

BE 401 mg/L ~ 0.5mg/L ~ 1 mg/L ~ 10 mg/L ~ 20 mg/L °

WA B

YAk 5T RIEEIDIEE 0 B SR AT R o

1 R BB
HE
BRLL4 | LEX &b )23
FBET Cr 1,000 ppm hps
i B 40 Na.COs 1,000 ppm PanReac
. B 8.4 NaHCO:s 1,000 ppm SINMA
bk d H2SO4 1,000 ppm | Honeywell

H

)

23



LR 02022870 5p T 04:13

3. RA8RATE 4K AR P VC ~ DCE ~ TCE
(1) TR R AR AT H 381k > AR AARA SRR B I B IEF R -
(2) RIFEMFF (NIEA M711.04C) H = BB ESL > LRE A0.1 mg/L 0.5
mg/L ~ 10 mg/L ~ 20 mg/L ~ 50 mg/L -
(3) AEMKRERE ~ R LEIBBFRSZRBI T ER LR

(4) MR BEIEST BIEEIBIER 0 EARSGHBETRA -

1% A B R
% E
Bo4 | tEX | &E )3

= 2,000
ATH CHiCl AccuStandard

ppm

i 2.000
—RTH CHCL, AccuStandard

ppm

o 2.000
Z ALK CHClL; AccuStandard

ppm

i 2,000
RV CoCly AccuStandard

ppm

24



L BpER 20227 5p T & 04:13

Ry kA (S TEREHAE)
4.5. A B TH

BI3ABRNEEZIZHER ARG T GEHME > TRALE THITERE
¢’%E%%%‘ﬁ@&@@—ﬁ@z SEE S R TR L BAZY 0 BRIV B
B FENBRAAGHES AR HIURE e R T~ A ELF (LR
2017) #RAFE Ty ik %m&$ﬁ&iAﬁ’m$&A&$ﬁﬁ%Eﬁ RAZE L
BRI RAKE © ok T RA ) R T#E ) o T ERAwE

1. AR A EXELIRABEALERL  ORBEIRILALRALE
%@&$@%’°%€&$ﬁﬁ%%ﬁ%mmﬁﬁ”rﬁx%ﬁ%éﬁﬁﬁﬂ
GORBHIERITE O BPARANEE  RUM - EABRABZRA - R ELFE
ﬁ"*(mm)ﬁm%izi%ﬁé%“ T3t AN ~ R~ EHEHE ~ MR
K~ BEBRHEFAITEZIRAEA > o RK12F7T o

ARAERALIE TFARBR A T ALEAEIREA R TFRER
BRI R A ) =8 (BARE > 2012)° B EIB Bk AEE T FalRIx%
HRA L R TERERARBBRERA ) FEFRXANL " HIERA ) AR
$20.13°0.05° uss X AMBE R L: (EIB) 2 Ta s8R BBLA
2 84,0000/ (&R 0 2017)

SRBUBE
RIR

- 4 1B DREIREFE

2 fRAEKRHEM

3. /ML KRRERE
4 TIRREEREE

5. @MRBRAE

15
. it

2% 1TARRRZ2
SEE®E 2itBAR

BRI/
THEFA

13 RPRE 4k & BRoKS G @ 26 AR E (GRIRF » 2013)

25



& 12 R EZ AN GBS FAE

A | FATAERRG
A | FRBEIR
5 & A
| F1R BRI SRR
A | AERFERA
)
RIEE FE NF X INFT
AT B R ABL A B 37 - T/ B
" i AR () | B FEERW) BRAE Ha A
% 1& M & H
P&
Z}:\ — _
i il R () #1E (L)
ot
FKE 4B

BB AT A LA RS - RS - KHRERE - A RTR
VBN GERE (BRE 2012) AT ZEABNE—FERBtE > 837
EEWBE - REABREFESE - BRERABIREE - FAEARAKELEX
B WHAEHREAKRIER A AN RIFHE -




BRI ki (e TR A HAE )

4.6. TAEE K H4FE

A EZ T EHER R T O RRAMENREEZXE 6A X
BB R RBEAMAEE - THATRETENERE  FHEESHELN6A TR
THRE AT EEI ARG EM C OB T ARKRBEE o K H R AEBRAMS A H
WHAT » BB BHI0R 5 A K R ERBRNTAMBES > MFRE (K
B110F8A58 ) £4E ZHLM MR R o At EAPUTH R €35 &I E Bk B A
#oo EREARIME (RE11F2A288 ) AT A& 65 E BB B A K A8 AR
B i R BRI 2

27



FapER 202287 5p = 04:13

& 13 A3 E2 T4 HE

EBREH®RIEAR

-

nl
r

TR E

e

A EHEBEE 1”

: pe
A H MR B E AR %

REET = =

R RS & =

IAEEA T AL
( B #% #& ) | 5%|10%]|20%] 30% | 40% | 50% | 60% | 70% | 80% | 85% | 90% | 100%

1. RARIEIAEHE CAHs 75 L350 X BB 2% H o
2. RARI A BLR R E A RER o

3. BB A K R RER

B

RE B
1. A R RUE AR ©

WA 2. RARIR R AR o
3. RARBAIL AT °

28



AR
A~ ERENH

S5.1. BB EREEE

A3t EMEA X Agilent 7890 B RAB B AT RIR B A ARAL T A8 - K 2 A M
WRIEAS M TAE > PR E ~ HRERIRRHF IR > N6 AR mBIRBIEETIH
ATH R 099 224 (B 14(a)) ° %4 DCE A TCE 2 7 4R B VC sk
M4k TR E E - Metrohm Eco 8 F R ATk 2 AR AR AR IBAARE  2BREREG
ARABRRE  MERE S HREBRAHFTIR N6 B TmBIRBETTITH A8k
FR>% 0999 24t (B 140b)) @ RETRFKFERZABTRE -

Compound #1, FID1 A
Area = 1255.48968"Amt -100.6575

Aea | po| Rest6(1): 2010.000
25000 -
(a)
20000 —
= Anions
15000—: o 3
,?
- o
10000 - o "
- 320 1 !l’ %
5000 — | £
3 8.0 3 ' 8 A
E 3 I H I\
0- Correlation: 0.99807 240 2 E 3 : ( £ I\
o r r 5 S 5
0 10 Amcuntlngdull  °° o P 5 ————r—

T T T T T T
05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 QOQSmm

B 14 At £ A X A48 R MR RBETRITEROD)IETHZRELE

52. R E MY

F14% Kz 4 M 2 TEE AT & EOS M Lk - # MR % » TEE # EOS
25 ZRAZH &AL G G BIK © TEE 2 K%M %100%% EOS & » TEE Z b 4,
% EOS & > Hsi@RW ke & A mpiFrnKk& (EOS thk#e) - TEE #
EOS 225 % 51 %42.914 cP &500~1,500 cP » W £IE & K » AT HKBEMAE XK
Bk RAINHER LY  RERAFEELARAEARE AR > ERPER
FRAKF S RTEMZIBE -
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* 14 XEAE (TEE R EOS) WH b %

£Y TEE EOS

Al fE R RAE

PR 1FAB & B &
th& 1.236 0.96-0.98

B 2.914 cP 500-1,500 cP
i 2 103 & 212°F (100°C)

;8 100% o] AP

pH 10~13 6~7

5. RH MR (13R) WTRZIEREL

BISAHRRBAE Faea (L) TFRZEAGIL  AomAedaF » KF &
FRBEATNWSETmg/LZ R » S48 % - A REBRSR% > SHRBARE
BHEREI~Smg/L 0 HAARMABRIEEZ L AR (H) MEBRARE - RZ £
3R E AR F (WS-TEE-B) » K ¥ B8R BB AT mg/L BEsrEAKE > H#
B BRI R N TR -

BloARREAEEMEeA (132) WTARKZIHEFTEGL  RBRERE W-0&
WS-02 8 & R ERT 2 5 £ 2100 mho/cm &200 mho/cm * ] B, 238 A HEANY >
RIEFHSHHETREH EAMY  MARETHRETELCRE R4 ZE0H

0 5 10 15 20 25
[ FERFFEI(R)

—6— WS-B+-TEE  —— WS-B-TEE —8— WS-TEE-B  —%—TEE —A—EOS

B 15 REAEEMAS R (13E) MTFTAZEAS
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Ta#A iR

P i > W-EOS I T T E G mema (W-0) ML FE T EOS R
TERIENEFAE -

AE GBS 2 TEE & P3N T2 RIEREE (W-TEE) EHEEE A REES
X %%k 9 21,600 mho/cm ° 3£ 48 £ %30X 474 1,300 mho/cm 2 & & » 7T B, TEE
gAY (JELZBEIERE) RMERERET  R{EEFILRERIT - TEERNS
FIENE 2 RIEREE (WS-TEE) #TEXK 8K > 2458 EOS (WS-EOS) R %
a¥REa (WS-0) & ° EOS &0t FILRIE @ &I T IRE o

900

800

700

S FERFFEI(OK)

—%— WS-B+-TEE —8&—WS-B-TEE —A— WS-TEE-B —©—TEE —%—EOS

16 REIAEHEAER (L1E) T A EEE 4

BI7TARXEFmes R (13E) T2 pHRBESIL > &7 TEE X4 & 58k
AWk AR AT pHE B FISKREBEWEIREPHER (pH6~8) A _:f.%n%ft
RIE@i2 T RN 887 (H) me% pH3RIE > R » £A EOS A % pH ERIz/N
T~ ZAEE F &
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4, 10
i 2 &
®
i3 6
4
2
0
0 5 10 15 20 25

S FERFFEI(OK)

—%—WS-B+-TEE —— WS-B-TEE —8&— WS-TEE-B —A—TEE —%—EOS

17 FREAE e R (13E) WTFRZ pHME%/L

AEGmeR (L38) TARFHR

K RBEF2EAE ICBEETRAFTRAIT > TCE DCE~ VCEHMARIE > &
WKt RFRE > Rk BT RELS  RECAHs B ERH/ > EXRER
# Nemecek et al. (2018) 1 F % &% (chlorine number) H /% ° 40 18(a)Ff-~ °

S AT AZREBAES (W-) 7 W-TEE A X RBETEERS > ERA W-045
15 mg/L > W-EOS &1& % 14mg/L - £+ W-TEE X RJEH 5 R A A A8ETR
XA HBIE 1S RAFABETRERSA 17 mg/L > FF TEE #EM AR
RAZ B &K AERAREEAT - A SR EEHT A2 RE@as (WS-) F
(B 18(b)) 1A WS-TEEREZ ABEFRE KD > LKA WS-0° &% A & WS-
EOS » %8¢ R ok TR E SR 5§ 20 RABH P41 -
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(a) 18.0

17.0
16.0

15.0

fE(mg/L)

14.0

i::]
U3

_TA N

13.0

12.0
11.0

10.0

(b) 22,0

21.0
20.0

19.0

& (mg/L)

18.0

It
=3

¥

17.0

16.0

15.0

14.0

FBEER 202277 5p T = (04:13

A A
[AY a
V
VN
& <

15 20 25 30
[ HERRFEI(CR)

Ta#A iR

o
v
=
o

—A—W-0 —83—W-TEE —&— W-EOS

A

6 8 10 12 14
[ HERRFEI(R)

o
N
S

——WS-0 —8—WS-TEE —A— WS-EOS

18 R ) 3 E FEAR4A AT K(a) R 3B H T K(b)Z ABETF IR E 41t
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19 A& Nemecek etal. (2018) [ BFRIREBAER T dhodh (# K 20~30 B ) &
1t EIB R JE#A4T » BA R B3P 46 CAHs Rt % » & R IRARFE X ho kb5 » RE A
B2 BB RAR  EAAREBEZERETEEGATN 34 RTR °

-&-AP-2
4,0 ] | -m-HML-4S
«—Hheating ——
35 | -@-HML-4D
N whey injection -k HV-64
d) 3,0 ~ ~ |
_g \ \'\\) -X-HV-8
3 25 [~ | = HML-1S
g
5 20 R it N
= o~ et Posaisoc
15 *
Al A
<, -
1,0 KN -
\ N ol «
0,5 N
0,0 =t
-60 -30 0 30 60 180
date

B 19 £H R sk RIEALE BE L2 2341 (Nemecek et al., 2018)

S55. & KRB (MNB) o s (138) bTARZHFE

WAk RE (MNB) #A KRB B2 E 5 XD BEAES MNB Lt
FoH - HREEM - ARTHRBEEFRRRBESHNAABH AL E FHME
FRAGEEUEMAERY > EEN AT L BEREAMNEET  EAFS
ERBAALERG B B ARdET > TR AALFe R — LS E MR AR TT 54 - B 20
BAFENSRIT AP EN MNB &4 2 CAHs JEE 410 - VCIREM 15 n 4R
B 8mg/LRRBRTHEEMAERATZRE  EAX AT AN LABEEME 14
mg/L > 3 MNB A By A K4 CAHs /7% > THeZ KB A8 b 8T RE >
IESB AW RE o
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Ta#A iR

16.0
14.0
12.0
— 10.0

8.0

CAHs(mg/L

6.0

4.0

2.0

0.0
0 2 4 6 8 10 12 14 16

[ FERF ]

—a—-C ——VC

20 MNB [ ##4 £.36F k2 CAHs & & %15

Xia et al. (2019) A%+ > X4 MNB R¥EH CAHs FF » HFHEANEAAR
H20: 9 /NBF » 331 6 K42 R4 +H 10 mg/L TCE /5 %4 ° Xia and Hu et al. (2019)
WEBRE 20 A F R EAE ¥ 2L 1 L/min A3EANF39K4E 265nm 2 MNB (B 21)
TR 30 EERTERE OT% 4B E A 15 mg/L ZAK - TAEREZRESEGRS
B4 Bk CAHs 2R84 0 R LA A MNB TEH 75 4 4 15 A2 05 ] JE %
Ko BH  MNB RIEMEXAMER - RUAREFHREHE - KEKRAA 8 4TH
B2 AR RBEARBEEMERAL  MBMARERE 20 PEFREARTRRTF
B AT RINTA B B RUARAR o & R4ok 15 AT 0 RGBT RENN 1575~
180.8 nm * 4%k f8 %% (Haris et al., 2020) -

R 15 AstERAEZRBRE

How g (nm) &/ RAE (nm) & AR4E (nm)
1 157.5 23.5 428.5
2 180.8 15.5 486.5
3 165.0 13.5 411.5
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a
(a) +— [ Micronano.

bubble
generator
g Ozone
i generator
Wastewater
Injection Extractionl
(b) 25
— 20 F
2 15
=
2 10
S
< 5t
() 1 1 J
0 250 500 750 1000

Diameter (nm)

B 21 ZHIHFTEHREEAN MNB % CAHs Z 3% #3%31E (a) RABBENH (b)
( Xia and Hu, 2019 )

5.6.EREERER

BAERER AR 0 By Al MNB JEA LB FAKI15048% » B
43 N TEE AE#TAMRIE » 272 WS-B-TEE; & —3» Al RZ » %& TEE
KB ETAEMRIEIORE » &L EAN MNB Avikigd 80 E > 42574 WS-TEE-B °

B22% WS-B-TEE REx 4% > & A8 R E G AL 45 405 ho 48 K 342%:8 A4t
A5k (HOy) mi X AdAEAZ KR AwBIE > Kfm HHO2Z KT Ak
FREZFSREFAZ80 mg/L ° 7T & & A MNB A By # 3 CAHs Bisz sARE 1 A8k
FEAKRF 5 B HoO2Z K fdkTIRE R #4542 2 A50 mg/L » #H3> LR TR F
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Ta#A iR

CAHs 75 £ KM &8 3% - BHEE CAHs BEEIL > ki HHOZRBER P -
TCE B B MNB #3438 R H /5 £ Hlas R > RIESSREERIKA0S5mg/L > =
BBEAHEMRIER TCE RE® %A EF 22 mg/L - ¥ RAK P A oETFRE - 7THA
HATSRIRE L X &4 TCE %) F§ % A fdkT 24238 - VC IR ARl £ MNB RJE AT
30 4E R ABBEEN IR LB KRR AEMREMRDEBRLTE - Hiw HO0r 2
WS-B'-TEE 354 £ 1540 it &3% 78 MNB X B3R/ /1 > KPP ABETFRESILRK
VC RERMRE % — P& TEE Simx A MR EMEBEEM - 8 mET > MNB AR
A PR HARAK Y CAHs 75 %4k » 242N TEE A% BTAMREZHEF
Ra % -

(@) 80.00

44 55.00

e

% 50.00
45.00

40.00

0.0000 0.0010  0.0020 1 5 10 15 20
fRFfE (CR)

—o— WS-B-TEE(Cl)  —»— WS-B+-TEE(CI)

5.00
4.50
4.00
(b) 3.50
3.00
2.50
2.00
1.50
1.00

0.50
0.00

CAHSsJEE (mg/L)

0.0000 0.0010  0.0020 1 5 10 15 20
FFREICR)
—o— WS-B-TEE(VC) —X— WS-B-TEE(TCE) —©— WS-B+-TEE(VC) —A— WS-B+-TEE(TCE)

22 4 R EIEWT KIS RK G 2L MNB & TEE & ¥ 2 #.8: F(a) & CAHs(b)i& E %

1&

37



23 2 WS-TEE-B 4% > & EOS A EEATEAEAN 10 R NFEIKEA
BEFIRE > 1287 TCE Bl 9L R AR B % - EOSKRENRIESF | REBEMHE VC A
AdETREL FRBETREEZE SRABETH  RXIABK%IE X TEE &5
FlA Img/L 8y VC > #H TCEHIRE R FBEE 2 KT ABEFREEEZME (4
68 mg/L) > FAHA AR TR 30 RRMEHELEEAN MNB feix & ¥ By £ 42 CAHs 75
ﬂig o

80.00

(a) 70.00 &/‘9/6/9’/16\6

__60.00

50.00

£ (mg/L

40.00

L
=

=2

30.00

i

=

" 20.00

10.00

A— A A
0.00
0 1 5 10 15 20

R (CR)

—o— WS-TEE(Cl) —A— WS-EOS(CI)

7.00

6.00

5.00

4.00

3.00

CAHSEJE(MG/L)

2.00

1.00

0.00

EFFE ()
(b) —m— WS-TEE(VC) —A— WS-TEE(TCE) —%— WS-EOS(VC) —o— WS-EOS(TCE)

23 A A EIEHT KT LKF ALY R MNB & 22 % #.8 F(a) & CAHs(b)iE & 4

1&
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Ta#A iR

57. #&EXR#E (MNB) REAETEARR (1B) MTAZRE#
1

A3 EEXZ U MNB A TEE A ELER A AEMR LB T AKY CAHs /54 © 4o
Bl24FF~ > B UBIRFT RABEEME R ERY ZAMNBEANFTAKY » £+ MNB
THREEARERAGAB G 452 CAHs Brstm A #4422 DCE ~ VC L& o
WKkt L2 AT (B24) THREAZKT ABETFRE () %1Hm MNB
WM CAHs Z 2k R » R CAHs BEEAR T U A MR IR IE > ITE%E R
HAIFE M CAHs 754 - K3t EHH4 2 TEE X E S A S &M~ 473ET > /4
P 4w F) 4947 & (Na-K pump) ZhAE > @K =B BT (ATP) 1A & A
EEHERN TR OB BT E R el RS R EFE TR - Bl
NEETIEZ LK P ABETH O RAILMBEBAHELIEP - B258 13ELH XRD
RAAF L AR ST 0 28 A CAHs AN L3EEAR T -

ATPase

ATPase

TCE DCE

ATPase

Nacl

3Na* /
K+

Nat,

24 55 %7 EN MNB & TEE £ % %42 £ 38 ¥ F K+ CAHs 77 £ 2 R JEHH]
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1800

1600 -

1400 -
1.C

1200 - 3 2. (Na,Ca)AI(Si,Al),O,

3. S0,
1000

800

Intensity (count)

600 - 1

400

200 *

0 , | |
20 40 60 80

20 (°)

25 35k £3E 2 XRD HRl& R

F16H AT EL M RABRRIEE V20K % 2 ABEME > BHIRR > ZATH
RERAZAE ~ —RUHRERA M FHIEAHBME  AETREZHAR (&
4 W-0 ~ WS-0) X 48 A F AMEME > 484k TEE 2 EOS £ T KRB & R » 4 EOS
Z B (&4 W-EOS & WS-EOS) #RE ALK » L5 CAHs 2 REME -
WEIEHT AP ELEAN MNB A HE 2 838558 > H4ARMLNHT-8 mg/L 0 4
TEE A& H R B4 48 A3 K ¥ vl % - 3% TEE R HEANH B CAHs Z 53K -
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k16 At ERK R B AaHLSE

Ta#A iR

REZE 5
REIPATERE 48 f. ¥ (mg/L)

| W-0 9.61
2 W-TEE 7.13
3 W-EOS 14.31

P aRE 4 W-B 26.80
5 WS-0 7.82
6 WS-TEE 7.03
7 WS-EOS 14.70
8 WS-B 7.49
9 WS-B* 8.41

B R3RE 10 WS-B-TEE 10.52
11 WS-B*-TEE 12.34
12 WS-TEE-B
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58. &k RAE (MNB) REEEARIA (138) MTARZIERAK
B

ARAE ALK " FARIERIFAA T LAREIRER AT FLE
BRI ERE R A ) =18 (3BM%F 0 2012)° R EIB B AL T FATR IR
A R TERERBRBREBERA ) BEF XA T L RA S 55 FLL0.13
005° mBEXAMBEFLE (EIB) 2 "L ETRER | B1E4 A5 £%4,000
JU/E (FhA&% 0 2017) °

A3t &4 A2 TEE R B18 4 A3 25,0007/~ » E 4 %A EOS 891/1018 4%
AR EAHAZTERAKEBEZ1/500~1/1,000 ° 4o K17 > BE EFI3FREZ T T @Ak
5,000 mM* B A10m (B4F 450,000 m’) > 5 HETRLER T > £H TEE
Z A BAE A EOS1/100 5 F AT AL B3R 3 Rk A 92 F 15 B2 ) 91 AR SUBR 38 A A 0 Al A&
B A5538 R366% U &4 A TEE 23 £AERALD LM ZH2,150% TR
4,650% 7T 0 AR E2EZ % -

e AT &R 16T REMORTZ B AEIME > 1540 WS-EOS X7 4&MmER%E A
WS-TEE 2 1% (BEBR %X A3EFR &G CAHs A2 84E) - BEERARMEXZ
TEE %% & > 7T:£8 BOS & E| E48 /5 L4 Mk > TEE 4875 £ 25 A &34
MmE2174% 7T 0 54 EOS 25 mAZ1/2 > B R A TEE # % & A17 B 18k -
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Ta#A iR

#17 bR E#)35 404 A TEE & EOS 275 3 & & A&

BRI 5,000 m2x10 m (50,000 m3~50,000%& )
FRAEERA Bk F ik A E B1g ()
TEE 50 L 250,000
EOS 500 L 25,000,000
SRR EIRER
MNB — 500,000
EiE A — 10,000,000
FATRE R A | FEAERA — 1,550,000
55 e B A — 5,525,000
1% BZ R B AR KB
SE AR A
A M 3RS PLER — 3,660,000

a8 ’ng

21,485,000 ( TEE)

46,235,000 (EOS)

21,735,000 ( TEE A &£24&)

43



44

SR 202270 5p T & (4:13 %



Ta#A iR

N~ B R AR R

B FRERR > A ENRREFRZARLART

EOS RJE E7 2 3B/ E 23835 » TEE A &hib T K 3BT KBRS A B
A 2R E AT ©

TEE TR i 8 FAL R JE A A%, > K P HEE E 3 ho o

4 TEE RN ESRBABE AT REETRE > BEM
JEZ $ 20K T P47 o

Ihn HoOoZ S8 53 3% MINB B8 3E/K F CAHs Z 48 7 o

MNB A7 & 2 A By Hl K+ CAHs 75 4k B (51418 VCs) > 2B HB&E
ANTEE £ B #/TA MR EZ M ERBEE -

#F TEE X G 2 26 m A4 A EOSZ12 RAREHEBHAK -

At ERRA N RMEA &R ERIT RS E50 0 AL BRRZAE R
FHEIE 300 E RIS T 3T

RIE#AT > R

‘cﬂ_‘*h
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Ta#A iR

1. ERER>EBFHRHERE > BHILR G LB ~ BT - EREREE R A @@ FE -

2. AN EMEIMERAORIEREIEELE BARAR  BIEFERR
%% > b MNB MG #7 CAHs 75 £ 2 B R FFESF LR -

R"itEESZ AT (M)

3

N —
CREE

FMRFAKHEZ CAHs REAR 5 $4E > B ERAEH - HHEE— T > %

4, BHRHRBBFHBRAETELSESEZE  EREOBITHE LRI - KRk A
BB HE TRE— CAHs (&4 TCE » DCE ~ VC) #1 TEE - MNB Z 35 R

& o P AT E R Rk o
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