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Microbubble (MBs) and nanobubble (NBs) technologies have drawn great attention due
to their frequent applications in water treatment, biomedical engineering, and nanomaterials
in recent years. In particular, the focuses were on degradation of toxic compounds, water
disinfection, and cleaning/defouling of solid surfaces including membrane from
environmental aspects. The main purpose of water pretreatment is to reduce biological,
chemical and physical loads in order to reduce the running costs and increase the treated
water quality. In this context, air MBs/NBs as a pretreatment means has been shown to be
highly beneficial for downsizing the water/wastewater treatment plants and improving the
quality of product water. Use of oxygen NBs has been anticipated due to their extremely
high bioactivity and mass transfer efficiency. It is reasonable to consider that NBs would
have great potential implication in soil and groundwater remediation. Hence, the objective
of this study is to develop the use of NBs in petroleum hydrocarbon contaminated site to
facilitate and enhance bioremediation processes.

Laboratory experiments were conducted to investigate flow of discrete microbubbles
through a water-saturated porous medium by column and sand box experiments in the first
year study. NBs was release from a diffuser, move upward through a column filled with
packed soil. Outflowing bubbles were collected for flux measurements. The scaling
behaviors between the gas (bubble) release rates and various characteristic parameters of the
bubble plume, including plume tip velocity, plume width, and breakthrough time of the
plume front will be quantified. The experiments also revealed circulations of ambient pore
water induced by the bubble flow. The results of column experiments indicated that loss of
dissolved oxygen (DO) in air-saturated water was about 1 mg/L after 72 hours. After 120
hour of retention time in the packed column, DO loss in air-saturated water was about 1.90
mg/L. Vertical columns tended to retain oxygen for longer time than horizontal one.

Dissolved oxygen was measured to be 40.9 mg/L after nano-scale oxygen bubble was
produced for 30 min. Longer exposure time did not significantly increase the level of DO.
DO depletion was not observed in either open or closed system after 20 days when dissolved
oxygen level in the water was raised by nano scale bubble. Dramatic depletion of DO from
27 mg/L to 10 mg/L was observed in the first 24 hours of the column experiment.  After
the time period, the depletion was slow down.  After 120 hours, DO was maintained higher

than saturated water of room temperature. Forty percent of DO depletion was observed



after 96 hours in the sand box experiment. However, the depletion was slower between 4
to 16 days.

Field study was conducted since August 2018. Test zone with injection and extraction
ewellls were designed and employed in a petroleum hydrocarbon contaminated site in
Kaohsiung. Injection of NBs was conducted in the test zone with three injection wells and
two monitoring wells. Injection of high DO water was 8 hours per day in the first month.
It was increased to 12 hours per day in the second months. Finally, continuous injection of
24 hours was performed. After the long term practice, injection of high DO water of 12
hours was recommended because the whole day injection of high DO water may potentially
dilute the dissolved phase contaminants and dilute the populations of microorganisms in the
subsurface environment.

Grondwater monitoring of pH, dissolved oxygen, nutrients and change of
population/diversity of microorganisms was performed.  Retention time of NBs,
concentration of dissolved oxygen, and change of petroleum degrading bacteria species was
observed monthly.

After the one year injection practice of high DO water, the apparent concentrations of
target contaminants were declined. Benzene was reduced from 198 to 266 mg/L to not
detectable to 15.1 mg/L. Though concentration of ethylbenzene in groundwater decreased
from 5398 mg/L to 1.25-639 mg/L, it remained the major contaminant. The degradation
mechanism is unclear due to potential impact of dilution of groundwater by injection or high
rate of biodegradation.

It is anticipated that functions of enhanced bioremediation can be achieved through
injection and circulation of NBs by field practices. The results of microorganism diversity
indicated that bacteria species tended to increase with long term injection of high DO water.
Petroleum-degrading bacteria (Enterobacter tabaci) was applied in the site for enhanced
bioremediation. The concentrations of target contaminants were decreased. This study
serves as a leading project for future investigations to employ nanobubbles in the field of

soil and groundwater remediation.
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- #hd T (piston pump) g 5 0.576 mL/min 2. 0.01 N & i 45 (CaClp)i3 i i (e 8 i3
ER: SN - B R A L S %ﬁ“u fifw 4 3 2 40k (saturated zone) - # % 24 ] PFiS
e o xffdz €2 2T pi? "LF;%%*"%% R B oin F oRBGEE TR B A Y
BAL KT B dr g e TR AT BRI T (24hr ~ 48hr ~ 72 hr ~ 96 hr 2
120hn)2 i3 5 #1 £ -

F oK TR pump A {eR FoRFHEL 4 T YcE 20 mL ~ 40 mL ~ 60 mL
2 80mL i iR > T RPIZ el R E 0 4] 3-2 97 0 MR Y pump Rebefeoid § R~ F
- R R 2o FRGATA Y > B @R R FERLATE Tk FE -

BEREF NERB2F TAARFTEE TR R0 -

S | —
344, b3 ES Ra=s
AT

Rl Oetval feshovisd

piston pump : L ’

Packed soil column

D.O. Analysis <}:' ﬁ ﬁ

Oxygenated DDI Water Eluent Collection

B32 §HPHRELF
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PR RPRHR DS - IF R EIJ{&‘K#; FEANFERAABIBEAEE > SEH %
Wb T RRARB AT A K F e B TR NIV A T2 QI 4o 32 St 0
FREE TR R L e A B $E 7 bRl BB Tk E T ofE
EA A Al AT LATERZ AT SRR ARSI R R Rk

NS

"
A A A RAEE a0 B AR 5Y W RERAI BT RPTR 5 okix DO %k
AENIREY X R SESEE TN £8 L SRR L3 s

Bl 3-3 Fifaida AR W
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MAZRIBF AN F ek it A p IS REINERT R

3.1.2 #3355k
(1) #% B

W R GE2RIATANF RS ISR SR 2GR T %
FRETE S LG EE TR R RS A F 0 0H T IR IR R
SEHERY AP ERANSL  FRFTRET N A A POEHERL TR L
o PR R 2 1L 0 EEI b A2 Aok o
Q) WH % Tk

SREAVERFLESFT A REEF RN S Le L 17 B AR (S

o

ETHRF - FAARAEIFEYRGT SmXSm 2 FREFFER > LT EFFTF
AP ERFLT S ULV ENFDP TS SR BT
Tl gad-nk SVE/AS 2 (8 2 FF s 2chk 0 AP RRIE IR L FEAoR 34077 F

§ A% M o

SVE/AS B/ 452 fr2_ 2§ B 3%

\
% oW KA pr——
B D
= |SM2 23*‘41%
? g FB-50¢ rp-cos B s
2 | sae §&§ g
=X *® BRE
* =
-3
X
g e e R I
'f: LA GRLUESL 2 M)
oty 9 \ -
-]
2%?] z £
E™
A
EL.
i \ s 2
;] sPS
B
S ABS ABS]
B A ivHE 5
EB@E : »*
[ ] 2w [a])
=== T EFIEE ‘
& Bl ) (| B 1E3Z(5mx=5m) ;\
\ =54 3) -
D | ——— E—

Bl 3-4 HHFKRPIRGFEE T LB
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(3) # Bk 20

AT § - BB E %Y SR 4R 3-5 97 0 FE RN ER E 3 ik (GWI -
GW2 2 GW3)it A wtjedid -k # 0.5 2 8 (MWD)Z 1 28 (MW2)R& & B -k 84 2 Bl

2o ERFAERIFHIREFRET S o

o

Boordsh I RGEH 126 ~ # 2B @A S22 R g#E  $36 15 8"
Ex

%*r

EEANF R BERR - AN FEFFRIABTENBIIANFeAL R A

MRBF Kk RANRE FE K REBMRRF MR E TRELFF RN LT L
M B PR GR AL /12 PR N ) RRREA R R AP FECHRIBR FE R E
FOBT IR I2B T RPEFFF R Aer b S RE BT S JRER RS 5 R
I =tk &4 T koK 28R Z(pH ~ ORP ~ DO ~ EC) » # i 7 37 1 =t 3 T -Rgifh - # 7 -k3*
£ 3BHIRE > A1k TPHZ VOCs o ffied $o 247300 o B4 BP0 0~ 88~ ¢
(82 7 S fREG S BT PR SR F R R LT ] S PR T
7 i {17 {3 % QPCR A 47 ©

Stage I ) ®E‘Tn Z A EH|H
@ FAH

1.5m 1.5m

GW3

1.9m

Bl 3-5 % - FEE i 53]
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329K A
(1) F 0K 47/ 534 &

NG F 4P & 17/ 8 ¥ R (gas chromatograph/mass spectrometer, GC/MS) (HP 6890/5973,
Agilent, USA)i& 775 2 4 2. T2 T & A 47 > “7i@ * ok H¢ 41 p % ¢ 41 (capillary column
DB-624, Agilent J&W, USA) > £ & 5 60 m > g4 /25 032 mm > #F5%5 A 5 1.8 um > # 7
% 6% Cyanopropyl-phenyl ~ 94%dimethyl polysiloxane » ¥ i * 3§ & §= Fl/€-20 3] 260°C - 34
TFMWMEBHRE G -

(2 THEERFEE

AR HAIY TR EE RS R S G W ERS > R T ER L ER

(Static/Dynamic Headspace System) 7 Teledyne Tekmar = & ®ig - L B 3-6 > 3P| F A T

SHAEFEFBFRF P AIE o BRI AR TR S SR T R 0 Y

AP T S P S F R AEF NG BERP IS TR Y
- TRk gﬂw bR AR AP 1T R (AT RS 0 2002) ¢

TR AR 2K #cdo™ D oven § B K 5 120°C ; platen T #E B & 75 85°C

g A5 ks BREREPER G S 448 ) transfer line [ R T 5 120°C > @ * 3 ¥R § F ik

\\\?{r

KEHF A48 50ml > L&A T g R 5 GC cycle PR % 5 30 4 45 ; pressurize T 7
PFRF 5 0.50 4 484+ loop fill pressurize ~ pressurize ¥ stabilize & 2. pFfF > T 778 7 K % a2
- BHREFEFOE 1o

B 3-6 A5 %% ¢ * 2 Headspace = 78 7 % %

28
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G) BERFHAIEER

AP 6 chg kR &t f2 % & (High Density Aero Dissolution Equipment) £_p 4 B 345
THRAEALNE S AL OD-110 (B 3-7) > 5 Flsa3rd @ * »37phisd pAZE LS o
R N N S LEL S E SR 31;/%1‘%11\1‘#‘1%%*&3‘?%5%'\’14" :
LA kR AR RF ke BIRRFMAEERF ) BAIEKE VL 2.1 9 7 L
KESOME/X ~F F Y25 182T7/% > k2433 £5F 7 iF 553mg/l -

Bl3-7 BEAFWMAFEE

() = #F0BF

*F %% % g% 5 3+ (Dissolved Oxygen Meter) 2 # B YSI 41 % » A1 5L 5 Model 55( 5] 3-8) >
PAFRITREDAREFEABETE20mgL P A2 BRI FeBIBE 0 FIAERE EF
TR SOk R o RY AL AMBPUREEE TR LT TR (o ARE
RRITOR? 2R FERBF 0 AR RET LK WIW 115 41505 Oxi 3205 0+ & 54 7%

% 2*(Handheld Oxygen Meters) > LB 3-9 > ~ %% BRI % &3 E7 i 50 mg/L » Ft #-A %
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MAZRIBF AN F ek it A p IS REINERT R

BRI FFERRAFRZBE R N L ARNTREIYSTRRLTZE

BoORREEBEFEA KD A REEFERFIRFEZ RERHEZF B2 TT Y o

Bl 3-8 S#&:\% % RITE B39 kA #HSBE

G) #rF ety

*F B¢ * E % JIF (Piston Pump) 2 L33 # 41(Glass Column) 4~ %] % % B FMI £ Thomas
Scientific 1 5-(B 3-10 ~ B 3-11) -« E 2§ iF A5 QG-6 g ™ A L LB E > AP kit * in
HERIES 158mL/mine B E RPN L L4824 EREL IS 24 B FE
RS R2ZpE ABETHE

271 £ &

Wi

B 3-10 =% W 3-11 33 %
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33R%3 i
330 2 A RET AT
(@) zkE
AR MIUME XL EHEEEE > LB 10g 2 3B EEH Y 5 2 105°C
2 O BRI 24 PR BRI ERESIERY O EIEBR S RAPE E R

TSR S SRS

N

o

4

10 g 2N *“;fi—tf Tledk2 B4R o 2 r 105°CHYE 4 ¢ B E 24 ) PFLS > Bk
e 550°C2 B R G 24 ) FH LI S BROREIHEE RS
S EE AR T S

\m‘\w

332 PG4

U L ERF R AR LA S RE T o ¥ RALELHERT B %y
GC/MS %~ 17 » GC/MS ik BiF 22 g i@ * &g » 2ot 52001 5;?’}_‘1;71 i# % 1l mL/min -
AT B R S 200°C - #ﬂ?:}‘”%%} » 50—650 amu > B H BT R L 1565 eV o A24nif R 5 35°Ca
BASG  BEUE AL D 5°Cid FiE 100°C £ 11E Ak A 30°CHuE § i 220°C »

R R IS A4 R SIEHGY  REAITE G 27 Ak

333 Epin At i

A2 PR E R RS TR A SR SRPEIR IR ARART - f
ABFIERAEE TR AL DNA 35~ 441 R A2 DNA 32~ 425 1 g 4 3>
r2 DNA % B~ % % (Power Soil DNA Isolation kit) i 4 & &#% 2 $58  j= &k 5B~ DNA - @ 4%
BT okfE A B EK-500 mL B Tk R 2 e E E 02 um 3t SRR ERE 0 £ % DNA
PR B E BRI et H e DNA o 2 {541 * UV spectrophotometer % ip] T DNA 3 B~ ¢ A
Flie DNAER SR » MLk A7 A Fle DNA ch3 Bk o

#-37P-2 DNA it {7 & & préasy £ i (Polymerase chain reaction, PCR) k #53§ V3-V4 region
(B s fr @ % 2 31 3 % % 5 barcode 2 341F (CCTAYGGGRBGCASCAG) 2 806R
(GGACTACNNGGGTATCTAAT) » PCR » 54| 5 Phusion® High-Fidelity PCR Master Mix
(New England Biolabs) « PCR & J& i i 5 95°C# 4 7 ~ 45 > £ i&{7 30cycles ¥ i 42 5 [i.e., 98°C
# 4 10 #j(Denaturation) ~ 50°C## 4§ 30 #j(Annealing) ~ 72°C#* 3§ 60 #)(Extension) > £ & 30
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cycles] » B s £ 12 72°CH 5§ 5 » 4574 "8 )8 T 4°C &k = & PCR program » § PCR % = {8318 {7 2%
o P BT AR F TR 2 16S IDNA 7 <] ¥ 5 466 bp 0 F]t oS T A 18 466 bp
e ¥ 3 band 55 0 PR A F B & DNA & 2 # o

#-PCR # 47 i& {7 =t £ % Z_AK (next generation sequencing) ° & * Z_& ¥ 5 % illumina Hiseq
2500 (PE 250) % % » 2 250 bp e £ g3 B~ 16S rDNA £ V3-V4 region (341F-806R) 5 71 -
T_R i L 12 NEB Next® Ultra™ DNA Library Prep Kit for Illumina (NEB, USA)z£ * sequencing
libraries » - 14 Qubit@ 2.0 Fluorometer (Thermo Scientific) and Agilent Bioanalyzer 2100 system
k3= library & & o #- 250 bp paired-end reads "2 FLASH (V1.2.7)%# & = Raw Tags » £ §1*
QIIME(V1.7.0) quality controlled process #- Raw Tags #& 3% = Clean Tags > '* UCHIME algorithm
R “f Clean Tags }+ ¢ chimeric sequences » @ ¥ J& 1§ Effective Tags °

F1* Uparse software (Uparse v7.0.1001)#-#7% Effective Tags %>97% similarity fA #_+ ¥
= % fr OTUs (Operational Taxonomic Units) > B~* B OTU =& % B 7|12 GreenGene Database
(based on RDP classifier, V 2.2)31f%3% OUT 2 taxonomic information o 4| * In-house Perl scripts

&k & #7 alpha (within samples)¥? beta (among samples) diversity °

334 # R A 4T 2

otz P R R R EY PSS AP A A REFATIAES RG> NES T
CAAP T R ERERIT o AP %RARA WP " f2FF 5 Alkane hydroxylase ~ Catachol 2,3-
dioxygenase ~ Naphthalene dioxygenase - Toluene dioxygenase - Xylene monooxygenase -~
Biphenyl dioxygenase * Toluene monooxygenase £ Phenol monooxygenase » &4 fis ‘& &_% o 58 &
B R R A AR o B A TR R fE A A 0 BT R RS AR Y LT
Frd FerEfR RGN 0 PR R G YRk NG L 2 FREA FIA FIRGTIRE AR A FIR 0T
Z 2.5 F HHEck 3-1 #77) ¢§xﬂﬂ~ TR R ) s KPR N SRR E S N P

E{E:}'f? F - 'H— °
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# 3-1 RT-PCR ¢ =% * #p B "% f2 JL 7] 2_ primer F 7|

Enzyme Gene |Primer Reference
Alkane alkB Forward 5’-GTTCTGGATTCCGCTCCAGAGTACG Kok et
hydroxylase Reverse 5’-GCGCTAGTCCGTTCACGATACCCAG al., 1989
Catachol 2,3- XylE Forward 5’-TGGCCGCGCGATCTGAAAGGTATGG Nakai et
dioxygenase Reverse 5’-GATATCGAT(A/C)GA(T/IG)GTGTCGGTCATG al., 1983
Forward 5’-CAAAA(A/G)CACCTGATT(C/T)ATGG Baldwin
Naphthalene NAH et al
dioxygenase Reverse 5°-A(C/T)(A/G)CG(A/G)G(C/G)GACTTCTTTCAA 2003
Forward 5°-ACCGATGA(A/G)GA(CIT)CTGTACC Baldwin
Toluene TOD etal
dioxygenase Reverse 5’-CTTCGGTC(A/C)AGTAGCTGGTG 2005
Forward 5°-TGAGGCTGAAACTTTACGTAGA Baldwin
Xylene TOL et al
monooxygenase Reverse 5’-CTCACCTGGAGTTGCGTAC 200:;
BPH1 Forward 5°-GGACGTGATGCTCGA(C/T)CGC
Reverse 5°-TGTT(C/G)GG(CIT)ACGTT(A/C)AGGCCCAT Baldwin
Biphenyl BPH? Forward 5°-GACGCCCGCCCCTATATGGA ot al
dioxygenase Reverse 5’-AGCCGACGTTGCCAGGAAAAT 200:;
BPH3 Forward 5°’-CCGGGAGAACGGCAGGATC
Reverse 5°-TGCTCCGCTGCGAACTTCC
RMO Forward 5°-TCTC(A/C/G)AGCAT(CIT)CAGAC(AICIG)GACG
Toluene Reversz 5’-TT(G/T) TCGATGAT(C/G/T)AC(A/G)TCCCA BtaI?Win
Forward 5°- etal.,
MONOOXYQENAse | PDEG |T(C/T)TC(AICIG)AGCAT(A/CIT)CA(AIG)AC(A/CIG)GA(C/T)GA 2003
Reverse 5°-TT(A/GIT)TCG(A/G)T(A/G)AT(C/GIT)AC(AIG)TCCCA
Phenol Forward 5°-GTGCTGAC(C/G)AA(CIT)CTG(C/IT)TGTTC Baldwin
Monooxygenase PHE I Reverse 5’-CGCCAGAACCA(C/T)TT(A/G)TC gt)?)lg,

FAFI® F o DNA 5 B0 & 1749 B o4 30 108 fR % 4 7] PCR 58 & R 3 3 ' 2
fr Ak Flens b o EF P2 g 4 31 RNA B~ 2 ‘2 (Power Soil RNA Isolation kit) i ¥ & &-#& &
2 M2k F P RNA FRF L T %G RNA R8P £ %5 J85 e F R L0
484 F J& (Reverse transcription-PCR, RT-PCR) » # = ;* & 4] * RevertAid First Strand cDNA
Synthesis Kit (Thermo, EU) i 45 & & #& i 2 &% = ;2 > B~ 4 pL 5X Reaction Buffer ~ 1 pL
RiboLock RNase inhibitor ~ 2 uL. 10X dNTP Mix ~ 1 uL RevertAid M-MuLV Reverse Transcriptase
1 pL random primer §= 11 pL RNA fe @l &8 £ /% i& {7 PCR » PCR % %5 £ 11 25°C#H § 5 » 48
Z_f8 0 12 42°CHc £ 60 A 4 0 Bfs 14 T0°CHe# S 448 > - RNA & #4k= cDNA > #4718 e
cDNA % »+-20°Ci% 75 14 F 4 47 o B {8 & B]i& {7 DNA % cDNA ¢ireal-time PCR % f#fis £ ¥
copy numbers p] T_ o

* 4§ 5 real-time PCR #7i¢ * e4%7] % LightCycler® 1.5 Instrument (Roche, USA) » & *
kit 3 LightCycler® FastStart DNA Master PLUS SYBR Green I (Roche, Germany) » & % vial la
(LightCycler® FastStart Enzyme) ~ vial 1b (LightCycler® FastStart DNA Master PLUS Reaction Mix)
vial 2 (H20, PCR-grade) » ¢ * pFL B~ 14 pL vial la e » kit £ 2 p chvial 1b § ¢ 2 & =38
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vial 1(LightCycler® FastStart DNA Master PLUS SYBR Green I Master Mix) » vial 1 **F 5 i 4%
JORRE Sk S RiEP- SULDNA R A& 0 4e» 9plvial 2 ~ 4 plvial 1 2 2 uL PCR primer mix (&
BERAN 02 1 1uM) B3R EUEE B L mE P c B F P2 B % L g
LightCycler® 1.5 Instrument » 4r% 3-2 #75% o

2% %_real-time PCR & J& % 2 (40 )% 95°C# 4 10 4 459 Preincubation F# £< 5 2 {818 {7
95°C#+ 4 10 #) ~ & & PCR primer 7 annealing § B 4F 5 10 #) ~ 72°C#H F 2. pFF 5 PCR hA
¥ DNA bp #c/25 #)(H Bfck) » P E X345 BiH%Zk S L2 95°C# 4 0 ) ~ 65°C#F 5 60
P~ 95°CHF 0 F)(11 5 £ 0.1°Cemg F p 65°CH i » Fah Ffe k) PIFRE 1 BHEE S &
8 12 40°CHE 30 Fi4u s g o BL AP 7 P R T2 real-time PCR 427 A ) 4 %
& 12 GADPH housekeeping gene % % E & {7 {8 > APEH TR IE s enffFlle(RiT 4L 2 )? 972
PHEATFIE D% L@ 1 LightCycler® software 4.1 (Roche, Germany) # %8 :& {7 49 %+ T8 4 7 >

PR AR E e

# 3-2 RT-PCR & Ji% it

Acquisiti
Temperature Time Cycle numbers | on
mode
Preincubation | 95°C 10 mins 1 cycle none
95°C 10 sec none
Quantification | Primer annealing Temp. 10 sec 45 cycles none
_amplicon[bp] .
72°C == S single
95°C 0 sec none
Melting curve 65°C 15 sec 1 cycle nonte_
95°C (Tamp Rate = 0.1°C/sec) | 0 sec ;:on Inuou
Cooling 40°C 30 sec 1 none

335 F3EZ T REKR D2

21 > !
AR

bk RSB 344 (Bailers) ik A 0 RS BEE RPET R TH T OREE R R

/E,E,_}
ff"r:}i

34
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3.4 9 B & /5 E

(1) VOCs t& & sl &

VOCs #-#R &% IlmL*® > &/ &2 k&Y 5 2000 mg/L - #2000 mg/L 2. &2

T A S AR GER AR 5 0 G5 TN 20°CHR R Y o ERIE A sk ? B 1 d ATk
#-2_ ﬁfﬁ’fﬁ = 0.030 mg/L ~ 0.040 mg/L ~ 0.050 mg/L ~ 0.080 mg/L ~ 0.100 mg/L ~ 0.200 mg/L -
THE T TE AT e

0.400 mg/L % 0.500 mg/L ~ fik & » 1 GC/MS i& {7 %

(2) # = dipe
PANFHREFHEESUTREERARESR 2 0 E

4% # i £ (standard deviation, SD) » 3.14 2 {8 % T %

SRR U

SRR R R A ST
%&bﬁﬁﬁﬁﬁﬁ " PR 2 A
3 E PR o FAIuMDL 2.3 8 2 -2 BAMER 2 R R R -
B(SY) > s S A2 ST HR 0 Mk e s SAZA A Ol B S SEP %
(Pooled standard deviation » Spooled) o # s 12 = 7% (2)#-

= Sa%/Se?<3.05 >

PIAIY T2 S (D) H R R L
Spooled z_ & & » » T ¥ f 4 MDL -

7 5 172
g _[6s2+682
pacied 12

MDL = 2681 X Spooj'eed (2)

(3) # % A& (Precision)
HRRF-PIEHFLITTEIRE EL

Beng Bl - a3 § AR R

ﬁ}ﬁﬁ;ﬁ;ﬁagﬁwﬁaﬁﬁwéﬁﬁ%ﬁ%in#ﬂﬁﬁﬁ%iﬁ%”lfmﬁ’“"E
T A APHARIE h £(RSD) > 12 gt 4 57 A 4% % Sieioh & > B B JF 14T 25% o
1 ¥R 6 £ (RSD, %) = (-2 i 4/ 351)x100%
AT ANTRES RBGER S BT IR GRS P E A 22 B BA
(4) % xR (Accuracy)
LRI AT RE SR G BALR 0 T A A 0 KA 30% 0 2R E A
Jr7F

BrE R (Accuracy) = | A 7 T30k R —Fe WmHER | /fe®12% k& x100% >

AETEREY RN HKERT ST o TRATEEERBNTE 2
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(5) w4z ¥ (Recovery)
@ % VOCs &~ % ? prfetl]l < kA 5 100 pg/mL 273 7% » 4P~ 10g 2 fe @l 4 34 » 1mL
BRI RIS > B FRFER M EEENGOMS At RHB R 2 PIRF LR

FEH v o

35 BREZFEHP A2 1 IEHP

AP EFTERZFH R AL 1 IFH P (4 FR)hok 33 577 o
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%233 PR N2 088 P (H HFRE)
A
2 (4|6 |8[10[12(14[16|18]20|22| 24|
1 iF38 p F
(-3 4§ ek Rl =
SRR IS |
( )E RSk
. 32K '/5'/' Rk
(w)&";%é#ﬂf%?
1.3 % § s& i ok
(I Vi
k= epm= ey |
i kmaeyanges |
.5 - e |
ok REEORRE R R
5.0 01 B d Bk ivE
6.5 = FEE R %
RS S © ©
1EER B A 5| 10] 25] 30] 40] 50] 55| 60] 70| 80| 90[100
(% 4 40) %| %| %| %| %| %| %| %| %| %| %| %
y [0 FERRFHGREEERS 383 -
S| E2FORARFWBBREE A NE TS
TR (B) Mk FiekeFE R VY%
(1) ¥k i*,i?;‘; PI# R E > RFXEEFED -
A |(2) ATk B R Sl i oRE TS o
L
IS 1 EE PR RRTE R AR FRERAEREFHAGL DY -
2 Fmrxa)gp/,,\pujﬁﬂﬂﬁo B EEAT ) DAL £

PR
R ukd

3- Tspa ey
B IF o

(1)1 1F:§§§; (2)“#’7 /\ﬁa\(3)1 IF’E‘_?;FL_{
AR R ORP L I A

ﬁﬁ AN ’3—’1-4"5'_,1 A e J%.‘r;
(4)512’27{‘i = p %’r‘—» - Wﬁt—} °
Tsp e 72 | W ERop B4t iF
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24 2
T BERHH
AP R PR EZREBF BA
FEEITE 2R iEE ke

T
‘\*T

FE T A P LY el 2 BRIV iEE s kP %

FEZR S NI EFRFRERE: L Fene T
&ﬁﬁﬁﬁ%ﬁ’kﬁﬁ%ﬁ%ﬁﬁ ARPERRDE > TREFTE TR E L %
HRL S PG B EREL R 0 MRRRA S EIS 2 ke

lﬁb

%

4.1 7 X Fie-k2Z LRIFFRE

d - BIRE T RATRE Y 2 YSIAF 2 pFl2 38 kRS E5 20mgl Fp R
3k
A WTW 3 &2k B RACR A E Ko 238250 BRIFIEBER S S0mg/L > 7 g * 384

2,

i i T Ap el PR EEWRIPIARFFFFAF k2B F RRE TR T -
FokP o RBE AR OEY AR YSI B3 ety ok Rl AR WIW G
v RsRI AN F ke

BOFERRS SR F PARIEATE G AL F RS SR F PR &R

e g il - ok

R

¥
B BRI  TERE AR 41 0 WA SRl FhiE X R

P

Fxom A B ELAY 10 f/FFp L 0.13 mg/L 0 @ 2 (S8R E4p £ 3513 0.13 mg/L » fE
YSI & WTW i3 § - tebefoin 3 k#ri@3 % BRlE2 vV v @l plELipp o

Dissolved Oxygen Change

8.8

8.6

8.4

8.2

Cconcentration (mg/L)

80 | | | 1 1 1 | |
0 20 40 60 80 100 120 140 160 180

Time (sec)

Bl4-1 7 i3 ¥ hiplEz 1
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VAR BE AR F ek IE 4 P SRR

4.2 &Ffcid § k2 L%

FoHREZBHRNY-HELZEFRB IR VE LI RN AR B F T
KA TR U3 R0 E o mp s 48cems £ R G 15 em 2 #Ig g ﬁ“f?
BAk@F i R o HRAL AL e THRREECR 42 A REFL G BE gL EEFLHL
S 4% — zhd&F J1F (piston pump))z 0.576 mL/min 7iiE 2 0.01 N & it 47 (CaClo)i3 i i i3
BRI AP RELS A ARG ,’{ﬁ“u fifw 4 3 2 40k (saturated zon) - # % 24 ] pF
BHE A FEZERLATLF Y A KT 2 A S 976mL ) A EE
B2 I HREF S 87.6mL e & feid ¥ ok FHA#FT A0 42 417 o

F %K TR pump Brfoip §oRFHIL  F 4o X FcE 20 mL ~ 40 mL ~ 60 mL
2 80 mL g 0 FHRIZ AR R F o MR Y pump B fop § R - BPEER

IFERE ALY 2 e FORAATIA N TP AN BHRIAGTE TR FE - BEFF > Ui

ARBETAIRFTERTHRE B

Bl 4-2 KT g ‘f‘;f_':’t.’ 7 P

% 4-1 e 5 k2B F L AHFT R

o . 4 > g J- 2 Sl
przee | FEUEEDEEETEE T G
(8) (8)
A FH(kT) 570.3 988.7 1086.3 97.6
B 4 (Ez2) 600.1 1015.6 1103.2 87.6
Pump z /H ?
(mL/min) -

40
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AP ESd pump L r e frid ORI KT E 4 MEBRE 24 hr~48 hr~ 72 hr~ 96 hr %
120hr -k # 2.3 § ®it » 204 422 T30E v v E{oid § 7J<*‘v?5§+iv* AT R AR A > o]

W AF EARM > B A G5 005—045 2> PRRLEERREN AT NRFREY HF
PERFAXE » B2 F DRRARM > B 120 ) FFA 3 KT8 1.85 mg/L o 2 S 8T G HH Rk 2
5

KO R RERRRE TRk FTREF A2 72hr 235 £4724 9 1.00 mg/L 0 A
SFGPER 96hr 2 120hr > B3 F BAFA A W 198 mg/L 82 1.90 mg/L > ¥ Lok T F 42 i3
SEATh UHRF PRI %E > A 96hridd s BiFFitce 2. 24hr 2 48hr 2
B B 400.63mg/l 0 T RBI| Ao § ok ok T H 4 ? G PR 48 hr 2 96 hr 2

¥}
BEEV R ERE O AR EFEF YA

T
CER"098mg/L w48hr 2 O6hr HHAFF HFHRF|H 25 EH1 ¥ % > 2 57 120 hr

o5
ey
f%ii

(w
«5&

* 4-2 ]\l’g*i‘ﬂéﬁ‘ff’/ 3‘ Lilg‘i%/

KT R

" CEIC T e | Bl | B | B
D éﬁ S Ky 2
i; R @ﬁﬁg j;f;‘;ﬁgp A [ e e | e e | T 0
(hr) (°C) | &t E kéﬁa) OAVL) 20mL | 40 mL | 60 mL | 80 mL |(mg/L)

(mg/L) 8 8 (mg/L) | (mg/L) | (mg/L) | (mg/L)
24 | 219 871 8.61 7.87 769 | 705 | 7.00 | 7.62 | 7.34
48 | 216 8.82 8.06 737 625 | 622 | 641 | 656 | 636
72 | 232 8.51 8.61 728 653 | 620 | 603 | 681 | 639
9 | 25.0 8.27 831 8.10 607 | 592 | 630 | 620 |6.12
120 | 21.6 8.86 8.36 7.39 504 | 530 | 530 | 540 | 549

422 #fepf ok 28 iy w0

AR ESD pump A ~ & feid k1 EE A% 24hr ~48hr ~ 72 hr ~ 96 hr 2 120 hr 2
BERT A 43 2 eV AR ER E ALY FRARA > TR AR A
B2 A K 0.02—042 2B P FEHRLEEFEPRFOORFRE Y FEETARL LR S
DRRARM > PR Bk T 2 B R RRApRE -
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MAZRBE A

K b REFERR

F ks A 2 B R K

T3 P e E RFTER
2 105mg/L a gFFR/E9hr& 120hr> H3 5 €454 4 %5 04 mg/L & 1.05

ER

24hr 2 72hrH7% % 44 § 0.6 mg/L
mg/L > 4a

g D EHZBF BRI 2 R RESER ) 2E P2 RICR
S B 1200 PR E 9T 1.39mg/L o seda Bl B R AT 24 5 BB AT e
243 fep F k2B F R FRELBF R
TF F
" T e foden 5ok | FAO| | PR | FR
- {?\ “:‘ PUMP % . N L . L . L . g9 L2
g‘é AR | R a‘jw;,j; : Té S pe AR G AR o R e R | T3
(hn) (°C) | Rkt ‘(n’: /“L) (mn “/L) 20mL | 40 mL | 60 mL | 80 mL | (mg/L)
(mg/L) ¢ &) |(mg/L) | (mg/L) | (mg/L) | (mg/L)
24 | 219 8.71 8.61 8.28 8.05 | 7.38 | 7.41 | 793 | 7.69
48 | 21.6 8.82 8.34 7.34 7.01 | 697 | 6.66 | 6.80 | 6.86
72 | 221 8.72 8.47 7.85 726 | 6.67 | 677 | 667 | 6.84
96 | 22.0 8.74 8.32 7.35 7.10 | 6.75 | 6.85 | 6.88 | 6.90
120 | 216 8.86 8.51 7.35 622 | 638 | 6.17 | 641 | 630
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43 BB F k2 F %
43.1 335 KRR
FHd 100 == -k 45(80 cmx60 cmx2] em)i5 B kA F WA F AL ARAULBRAZF Ko
BERFMAPBELE UL T RT k2 kG dod 440 AP RAFULHT A B0 510015
20230 £ 60 A4 REEBFEAS  THERS A4 kP B EARS I 293 mgl
SR R T 3Bt o0 10 A4k 15 Akisz kY 3T kR PR 5 353
mg/L % 359 mg/L > 3130 ~ 484 = $]40.9mg/L > {2 5604 & H RI-K ¥ % F kA& EL394mglL
30 A4 60 Adld R A ETHETRB R E Fe 2ok B R ARy 30 ARl
FEFEF T ARERF R k2 WA ER 30 A0 BT kR T 409 mg/l i
FH - HRE%HE AT ANE R S E R L R Y%

44 FRFOLARFEFRELF ER

Time (min) 0 5 10 15 20 30 60
7% ®(mg/ll) | 937 | 293 | 353 | 359 | 362 | 409 | 394

432 BB F k2 kT EHBF R

A EEd pumpii » B3 F kI kT F4pLE 24hr ~48hr~ 72hr ~ 96 hr 2 120 hr 23
FRMFAFOMBEARFE 422 mg/L o wig pump BT e g A kR NE L 27
mg/Led 4 452 %7 B Lo REHFTHERF 24 hr (597 R 5% % &5 10.8 mg/L -
ww = el R R ZIR S 0 K 27T mg/L R 10mg/L o e gt (8 ¥ R pAR g o F Y
PERF 96 hr (547 IRl e ¥ & 924 mg/L> e ¥ L F 35 RakTg4Le i@ﬁﬁg%#;@i#ﬁ

%0 AR fRF ok B 120 LR F KR AR 2 80%1 1 ¢
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AR E A ke R 2 R HRR T

%45 3%%F ki J\’I"Pﬁ—w/p*%”

kT
;”i ¥ e fﬁ'fj; ﬁjii ! 5 * ‘; e *?jl.’zz fjlrz fjlrz sz 45
(hr) °C) | ki ‘(n’lg /‘“L) (mg/L) 20mL | 40 mL | 60 mL | 80 mL | (mg/L)
(mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L)
24 | 235 830 422 275 | 103 | 109 | 108 | 112 | 10.8
48 | 244 | 829 41.9 273 | 955 | 996 | 105 | 104 | 10.1
72 | 231 851 47.4 27.1 | 103 | 106 | 104 | 103 | 104
9% | 228 | 8.50 45.6 227 | 863 | 930 | 957 | 947 | 9.24
120 |22.1| 870 40.2 203 | 7.84 | 830 | 849 | 839 | 826

433 FBF kLt FRBT R
AP oRigd pumpii~ B3 F kI E£E F % 24hr~48hr~ 72hr~ 96 hr 2 120 hr 23
FRNM O HRT R R FBF KA FE 422 mg/l > fe kg pump @ T e g A
A0 ERGE L 2Tmg/L o
§h 46 2 B ETEA KT SR AR AT kL Hiar @%Jg
WA L REFGRER 24 hr 470 RT3 F B 5 938 mg/L > &= +w ] pr

ERCE]
¥yl 7]
W0 2T mglL % 9 mg/L ot (53R F U AR e o F R 120 hr 1347 R0

=

o
ey

3 @ 854mg/L> v F e {rind ko

246 BAT KA BT e

=F B
PPV PP s | a0 | 50 | 50
Fig R éﬁ;éi iﬁpi éigém %ii%;f;% %ii%;f;% =
(hr) (C)| KRrE |F%E%3 (mgP/L) 20 mL | 40 mL | 60 mL | 80 mL |(mg/L)
(mg/L) (mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L)
24 | 235 8.30 42.2 27.9 9.44 | 924 | 933 | 9.51 | 9.38
48 | 24.4 8.29 41.9 26.5 948 | 9.02 | 9.72 | 9.84 | 9.52
72 | 23.1 8.51 47.4 28.2 9.64 | 999 | 9.39 | 899 | 9.50
96 | 22.8 8.50 45.6 22.3 829 | 850 | 865 | 879 | 8.56
120 | 22.1 8.70 40.2 20.5 8.83 | 847 | 835 | 852 | 8.54
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+mpER 20192122 23p = 09:30

44 BB F k2B Bk
BIRE ST AAN S 60 24 S50 24 65 24 '%ﬁﬁ*6*ﬁﬁmﬂﬁﬂ@?

s = I 4%

23t mifaE 1S ol - L EE 0 B L EEHRY(R 43 mEPESF ARG 40 2

(g

#-5 %i =GR Tgéﬁf-&‘;,gﬁ » ZoRE D] 20 o 4 Trisak gk T—q-%’]ﬁ,? ] 2 .,E,,%:{gﬂ:?

&

S % >

59 6 3t 7%

B] 4-3 P/’FFIL@H?’F‘! Bl ¥ T J B

Fifhzo L im B 2055 2 8p L 4884 49 - BBy ks 2RAR MRS 402
mg/L > 1 B4 r 33 F k> SR I8 BLE ke o i~k 3 oAk e
FREIEBEE P SRIIBIEF kAR R § FIEEY A EBbE > B3 F kd 150k 28
LAk 860 24 2 pEdp > FOTHE Y RSO R HEE > R AR T RAF S 228mgL - 8 5
BiAF k235 BEF 174mg/L EF R rERZ 40% o
Hiag bk s> 296 i 3F B R4z 40% X35+
AHABFRCEIRARE O P ABEBRFLHFEPZFRI LR T hBF 2K
j“#”zﬁ”3%‘5%?6%ﬁ§3¥*—%ﬁﬁgﬂéf Jen kR R 4B TR

IFHER B - B3 F 27259 52 2 ﬁﬂé%#ﬁiﬁﬁ%§°ﬁﬁ4ﬂﬁi4xi
RARKE 0258 S SRBIEYL | BLL M v AT 0 3 TR RIEYIRCE BB F ERE 0 A
ARRTHLBF BRI 0 D GEREH B R 0 7 FEERLZF R R T R G
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AR E A ke R 2 R HRR T

BEGFXFRT EP AR (THERORIEAEE - LB BT B g0 T R R
SEETS R S EEE

<)

LR R TR

I

5

N

247 B s Pl T R R

& F S bh A RRE = mgl)
% ¥k 1 2 3 4 8
0 40.2 30.7 25.4 21.2 17.4
1 23.0 19.8 16.7 11.8 12.7
2 18.5 18.6 14.8 11.4 11.0
3 13.2 13.3 10.7 8.43 8.80
4 10.8 14.1 10.4 7.46 7.64
5 9.89 17.8 113 6.59 7.36
6 9.56 12.3 11.8 5.62 7.11
7 12.4 10.9 7.61 7.01 6.02
8 9.75 10.0 9.37 5.60 6.35
9 10.2 10.4 11.4 6.05 5.96
10 9.26 9.88 7.57 5.67 5.98
11 8.73 9.70 9.71 4.20 5.90
12 9.10 8.74 5.73 3.47 7.34
13 8.22 7.89 5.77 2.90 6.63
14 8.22 8.28 5.94 3.84 5.88
15 8.74 8.04 5.32 2.38 7.52
16 7.83 8.55 6.87 3.55 6.35
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248 R AIBERT R E

i Gt A5 LR (H & me/l)
* I 5 6 7 8
0 40.2 295 249 18.9 17.4
I 23.0 18.7 15.2 13.2 12.7
2 18.5 18.3 14.6 9.91 11.0
3 13.2 14.7 10.1 8.23 8.80
4 10.8 14.6 10.0 7.24 7.64
5 9.89 14.4 9.41 6.62 7.36
6 9.56 13.8 9.82 5.86 7.11
7 12.4 9.30 8.13 6.05 6.02
8 9.75 113 7.26 5.40 6.35
9 10.2 10.6 10.0 2.77 5.96
10 9.26 9.25 8.05 5.98 5.98
1 8.73 9.75 8.24 4.40 5.90
12 9.10 10.6 5.11 3.03 7.34
13 8.22 9.87 5.49 170 6.63
14 8.22 10.4 5.0 2.22 5.88
15 8.74 10.3 4.83 127 7.52
16 7.83 10.9 5.77 2.91 6.35
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MAZRIBF AN F ek iRy 2 F o HER T R

JER 4-8 VLA L Rl g L5 ¥ RAE A BB 0 ¥ 458 TELE '—]@%]&P
G o AT AR Z A PERY R ?é_i* |4 o3 5 Kk R > UGEREET 2 58 552
BEEROFRIF L - A EREERI RTER M RBRBRIFISE kE FE
ﬁ%ﬁwﬁ%\am/ﬁ‘“ ok R E R BRI RRASI VRIS ARTLIRN T HIITL 5T o

>:&

{

45

40
Q 35
g 0 o1
s 2
g 2 =3
= [ ]
L 20 ! 4
= & @
o o o5
o " % K& 00 ° 06

]
10 b 8 2 8 o 2 s B § g i? &0 % .
5 * % * Q * % =) a O 8 ﬂ 3
X X & X &
0 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16
Time(days)

Bld-4 7)da & RIBE2 3% RR %
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AEHRBREBSIORAERERPFORBE T RI LR UREFTHIETER IR E K
B RGFIN2L 2T  c FHELHREA S B AEGhE §%EN%HRECED ZRF R
B drd 4-9 T 0 REB ALK 23T EARE A 350 mg/l - it BB A T

EEBPRREEL L LA FRZERERZ R A BARR T L3I RRFERLE D
Lo BA- B RERBTERIFIZRF ERVERERE G > SE- AB2ZBFTRTCY 20
—30% > ERFZAEFA VERAS H 235 LY HFEER PR 04 53 KRR AT
AR F OKEEZ A FRIGAIVERABEL AT ERT BRI FHEIRT Ik
BoBERBEERPFRENEETLRF BRI LIORT K23 Rehaisy - K
ZEBRRARBFORF L TAF - UkR > LRPRE0IFRA LRI IAHFLE o

249 RBF kAR REBPEELI PGB RN

S H i+ :mg/L S5 H = mg/L
x K A B C D |*#& A B C D

0 356 | 353 | 395 | 37.9 11 8.15 | 817 | 815 | 7.85
1 28.1 | 26.0 | 285 | 276 12 8.04 | 839 | 825 | 819
2 204 | 208 | 21.3 | 206 13 8.05 | 803 | 804 | 811
3 200 | 204 | 204 | 206 14 792 | 798 | 803 | 7.97
4 123 | 124 | 131 | 126 15 8.16 | 7.97 | 8.08 | 815
5 10.7 | 108 | 11.2 | 11.3 16 826 | 817 | 8.38 | 826
6 9.75 | 9.83 | 103 | 10.2 17 799 | 804 | 835 | 841
7 896 | 9.16 | 9.50 | 9.45 18 787 | 785 | 7.96 | 8.04
8 832 | 843 | 872 | 857 19 8.02 | 822 | 839 | 861
9 822 | 824 | 832 | 8.30 20 807 | 784 | 773 | 7.74
10 8.07 | 811 | 8.18 | 8.11
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g 20194120 23p = 09:30
MAZB B E AN F ekt R 2 P L HRERT

4.6 FFE%R2Z KA EE

A3 EA 2018 £ 10 7 FES&KFHY RFAIBBE L UEPIET A RE TEREY 2T
ﬂbﬂﬁﬁi’%ié&%ﬂﬁ%%ﬁﬂiﬁ%%%ﬁ’j%%ﬂiﬁ%%ET%°$%i
Bkt B 45 ¢ A d BHTE o AIESRAT 2018 £ 8 4 BB (TIERMF 2 X FEE > B
LY 2ZBRAFMIFPEELET Y FI 2L (B 4-6)> 2 EE 2 v LR
(Bl 4-7 ~ Bl 4-8)

2 3 viaok#

. e
= -
R HEE *alg » T I B A I”ML*
7 =

RE»RRen

RxEXmEMH

LRRAGERT HE

1\
WBS 600X a® 2
e . 0 3% 3
EwE

Bl 4-5 FRiEFi=y
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Bl 4-6 WH#% LR AL R
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Vi a1

b B

22019#127 23p + = 09:30

(d) MW2

EERCE Uy



47 7 hHa2 BRTRE 2

APE2018E 9 TRAIAASHHERS - IHERLEARTE > PR FF %2
BEIH e AIREREIEE P TR T YRR E - RF > RBEE RS BREZ
B 4@ 4-9 From o 2R E 3 BB HEe B 5 S1~S2 % S3(B4-10) HiERSZ 436
FAE S0 i - Hir o 2 128 3HEA AR TRREESZE HBEL GWI - GW2 -
GW3 - MWI1 2 MW2 ([ 4-11) -

50 fRRESR Y P EE TR A AT MR E 2 I B TR AL W TR

2.

B~ SRR FR AT e

D ® art
U GW2 A B3t

B 4-9 g2 Hhsh
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Az

54

R F NS SUE RS SR ot

+mpER 20192122 23p = 09:30

B 4-11 3 7 k5

e



47.1 3 2 BRFHAS

FEBREASEE SI S22 S3oHEBRFRAL 46K > T EE S0 S eB- R &
BHEBEE 7 4533 > S5is B 5 S1-1~ S1-2 ~ S1-3 ~ S1-4 ~ S2-1 ~ S2-2 ~ S2-3 ~ S2-4 ~ S3-
1~S3-2~S3-32 S3-4 £ 12 cghi> A47PF:817 2 £4F > %% 730 % 4-10~ & 4-11 -

fadg @ 2 2 MDA AFY > mEPEAL L A0 THRREY DE L FF 2 - 0 2k
Po bl T2 AR E S 65-7.5 2 e PR 3 ML B Ae B S B0 6 2 R
PicA P2 LR ER o d Rkl VHRS SN2 P HEMKRAR N 654772 2 F L
3257400 22 EegES Y Rwoiril > MRGERRFEIEMIF L L -

FakAPp AR 2 BEAFZ2 - 0 JIEP 2 F 7 RBEF A 002%(2 EAD KD
25%CE RA)Z R ARG i R(GF 0201 e AR AR Y TEZ FREEFRY S
0.008 —0.027%z2- FF » L3235 0.015% > st TIHEBE P 22§ 7 B M-I 2 7§ £ o

A A Y BRI RN BN LA S TR B T2 A0
B A R TR T 2 T oRRE A A 0 H A2 2 JER ¥ L 600 mg/kg (Lindsay,
1979) c ** A R B2 A1 % P TR, F 2L ABERFF Y 5 241 —444 mg/kg > T35 390
mg/kg B TIRE P 2B B N - A 2 T2 TIEER o

AT A S L H R 2 5 4P F (Benzene) ~ P F (Toulene) ~ ¢ % (Ethylbenzene)
% ¥ ¢ ' (Stryene)it {73 ZER AT - B2 TR 2EHE TR J g FHFIR
e F2F AR BB BN F B e TS ARAFR S 137611083 mg/L > i& B
E AR o
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MAZR B F AN F ek iRy 2 F B HERR T R

# 4-10 232 s Fa

S1-1 S1-2 S1-3 S1-4 S2-1 S2-2 S2-3 S2-4 S3-1 S3-2 S3-3 S3-4

i b 1B 7.52 6.80 7.36 7.74 7.26 6.56 7.60 7.71 7.58 7.48 7.60 7.70

%% (%) | 0013 | 0.017 | 0.010 | 0.008 | 0.014 | 0.014 | 0.011 | 0.015 | 0.018 | 0.008 | 0.027 | 0.015

i 364 409 425 426 400 412 362 399 258 400 426 402
(mg/kg)
7 1
60.6 99.1 116 64.1 70.8 112 12.3 83.0 2.58 63.9 83.7 83.4
(mg/kg)
150 303 310 309 362 329 300 350 318 263 336 343 319
(mg/kg)
%411 3 E®ESAPER
(# = : mg/kg)
S1-1 S1-2 S1-3 S1-4 S2-1 S2-2 S2-3 S2-4 S3-1 S3-2 S3-3 S3-4
TPHp 2065 738 209 363 4910 831 223 204 144 3954 295 140
Benzene 50.5 10.6 78.1 51.8 817 20.6 82.2 224 10.6 536 40.2 125
Toulene 10.8 2.55 2.68 1.70 386 4.95 6.25 5.45 3.25 273 3.80 2.70
Ethylbenzene | 7129 2209 1666 1376 | 11083 | 3021 3487 2873 4679 9317 3334 1947
Styrene 101 ND 2.53 ND 1746 1.35 7.08 ND 9.45 1029 8.35 1.13
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472 # TR AMF AL

Byl ToREBE 5 B HEEA UL GWI s GW2 - GW3 ~ MWI 2 MW2 > & {3 ¥ 2Lisie
7 2EAFAAT  Ard 412 9FF o B TR BT AITALARRI € B0 R R
Ai# & ~ 3 § (Dissolved Oxygen, DO) ~ § 1 & & © 1 (Oxidation-Reduction Potential, ORP) + &
2 & (Electrical Conductivity, EC) ~ 5 § ~ A/ @ « LA /M@ 2 g5 @ % 11 57 /2 -

Wdo4-12 ¢ Warpt 5 BERREEL M TR BT T 207233 2% 0 AR ER
REEBTILE T % Bl B2 kR SBERLAT 2 CRRT Y o
PR LD ETEF 0 F BB EERE T L RR o B R a2 F R B R
By 2 kR 9 3-230—844mV > @ EC 2B R] 4 435—909 pS/em ¢

Bl s TOREANEE B TR 2 I RB A TAHRB G PR A5 L
SETORAMETE SR RRRR R 2R Tk e B E F HIRE S 100 mg/L

AR E RS 100 mg/L o By VHFREE LA HBERT AALNE TRF RS 0 A
EARREANSE TR IR RR RN 137471 mglL -

WAL TR AT L H a2 5 44 F (Benzene) ~ 7 ¥ (Toulene) ~ ¢ F
(Ethylbenzene)# ¥ ¢ “fi (Stryene)if {773 % k& A 47(% 4-13) > I — R B2 A 47308 2 £4F £
R N HARY AL FL AR SRR BRI LF R ELLT Y Y L ¥
R AP 5 3965—5398mg/L v e e FAORZ BfER NG 170mg/L o d B TR ATIRIER 2 4R
oAz e F2 KRR AR T BARF L F N E Y o g A RBIRY C FIER R

kb2 KB fRR
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MAZBRF AN Foe okt A S s HNR%RT S

58

# 4-12 # Tk AT

K 2R R i bk 6 DO ORP EC -F | AEE  LTARB RB
(m) (m) (°C) (mg/L) | (mV) | (uS/em)| (mg/L) | (mg/L) | (mg/L) |(mg/L)
GWwW1 | 2.074 6.23 31.2 6.97 1.90 8.30 435 12.4 0.26 16.7 3.25
GwW2 | 2.092 5.90 31.2 6.93 2.08 -2.30 560 7.97 2.25 38.0 2.70
GW3 | 2.332 7.08 30.7 7.12 1.79 84.4 620 10.4 0.35 13.7 2.50
MW1 | 2.300 7.02 31.5 6.86 1.11 20.6 909 54.3 8.43 47.1 2.60
MWwW2 | 2.170 7.09 31.0 7.01 1.08 44.6 677 20.4 4.85 33.4 2.30
% 4-13 » TKEF AP ER
(¥ = : mg/L)
GW1-1 | GW1-2 | GW2-1 | GW2-2 | GW3-1 | GW3-2 | MW1-1 | MW1-2 | MW2-1 | MW2-2

Benzene 217 235 198 219 213 266 197 192 243 258

Toulene 16.0 14.0 16.0 11.0 ND ND 16.0 15.0 13.0 13.0

Ethylbenzene | 4890 5398 5269 5055 4595 4336 4984 4805 3965 4121

Styrene ND ND ND ND ND ND ND ND ND ND




473 [ A Faz ¥ R Hie AT

B AE BRI ORIBEH D ABFR TREIRF R AL TS REL 3 v
AN N2 v Epl s 3R A H =% 4e@ 412 2t o p 3 ¢~ 2 (Group A -
GW1 ~ GW2 ~ GW3)$ 2 © £ ]2 (Group B : MW1 ~ MW2)4k B 3 T -k 50 £ JE(8 5 B3 =

BE 6 B3 A

@h K EAH
IV GW2 A it

fék\ // \\
%l‘ // \\
'z,?@
/
/
/
/
7 4
/
L3im 7
/
/
/
/
/
/
/ S3

Bl 4-12 B9 B2 a0 2~ TR B R -8 B

473.1 ¥ TR AT B EA TS

W5 B TR AL W DNA TB B S 2B S BRFI(L 4-14) 5 BHRAY
FLE Dt fEl 4 2t 211 22 600 fEz 0 H P GW2 ST R it AR 5 > MWL =%
2. > GW3 &4 - @ 5 itk & 2 )49 Shannon-Wiener 7 thitipik & />t 494 &2 674 2 F » &
# 0 GW3 A § R E 0 MW2 02 s MW $0ig o st gyt~ 2 2 2 0] 2 Fdn £ B (] 4-
13-F 4-14)> i » 2 TopmRmfdics oA R ¥ 3 ERY - 2~ 2 Fip § g0

-El;: /Plli’ °
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MAZRIBF AN F ek it AP IS REINERT R

Z 4-14 $o3-Hpk s TR F F R A TR e F) 847 2 Shannon-Wiener § % 1445 ¥

Group No. | Sample No. | Observed species | Shannon-Wiener diversity index
GWI 478 6.21
A
(L~ 2) GW2 600 6.40
AN NE
GW3 211 6.74
B MWI 492 4.94
(& #1=) MW2 364 6.58
600 1
& 5001
3
)
2 400- ﬁ
Pt
[}
&
O 3001
200+ : ,
v 2
Group

Bl 4-13 i1~ 2 (A)2 § Rl2 B)ast T ok d TR Bl & )

5.51

Shannon

5.01

v ®
Group

Bl 4-14 72 » # (A)&Z £ p|# (B)sh# T -k ¢ [F4p Shannon-Wiener 3 {24512 £ %t B

60



R T oRHR A TR T AR B0 3 TR~ F (] 4-15)5 LR T 838 fiim ) 0 3
v kg bz FfET 97 (T 12%) 0 GW1 # 3 FfEG 158 f(1k 19%)  GW2 #3 FjfEF 267
M 32%) 0 H A 3029 B Fik S E 0 GW3 #5 FEF 59 (i 7%) 0 L3 TP
TAEER S S BRBRF SR FFAALG 0 GW1 & GW2 £ F FfEG 299 (15 B3
Ffificz 38%) 0 GW2 & GW3 % F Fjfat 131 f(i: 3 gL Ffasicz 19%) ° GW1 & GW3 #
FAET 118 (kA B Ak 21%) FHa 3 >3 v r 2w TokP HEL B
GW1 &2 GW2 ¥ T k¥ A4 B & | > GW2 & GW3 Z & &< » ¥ 5 F]¥ TRk £d4 GWI
i GW2 22 GW3 #75 o

B2 T TR () 4-16)% BETD] 666 fiimE 2 T £ % hEfET 190 fA(TE 29%) > MWI
BhOEET 302 fE(1E 45%) 0  MW2 #4 Efat 174 #(1k 26%) » 2 © £ chifjdpis 3 £ 8 o d 3¢
MW 3 GW1 T # 0.3 m » 1p $HEESLRGT > 24 2 2 3 TR} 32%E#8(234 48)10 I (] 4-17) -
AR ER e

w3 v i o~ # (Group A)r 2 v K R[# (Group B)2 FfE £ £ (8] 4-18) > & ey 5 hEfh
F 427 (1 40%) 0 i~ 2 Bt FET 411 A 38%) 0 ERIE EF AAT 239 (i 22%) -
FRAAAETRL 2 HBLET A

B B E S TR E Greengene vt e 0 F EN 2 picA H R 32 BEM T3 %~ 139

B~ 196 £ 2350 2 87 f& o B 4-19 51 5 Bk TRk A T ER i E e L 5 R P AR

’

B > d % 3| & wE_ Firmicutes - Proteobacteria ~ Bacteroidetes -~ Actinobacteria ~ Spirochaetes
Chloroflexi - Patescibacteria ~ Thermotogae - Verrucomicrobia £ Epsilonbacteraeota > # # GW1
B MWL Tk ¥ mF i B E M = L ik B 5 Proteobacteria ~ Firmicutes ¥2 Bacteroidetes »
GW1 & MWI1 ¥ 7 k¢ wmpFaidk BF AP = = & A L Firmicutes - Proteobacteria £2
Bacteroidetes » @ GW3 ¥ T k¥ @b B4 FF % = £ & A & Firmicutes - Bacteroidetes &
Proteobacteria °
B 4-20 7] 5 v B TR A AT E mﬁmw—L SRR EER Bt R R
1’5«%]’& F127—62% > GW1 4 I&’%‘L % Ideonella ~ Tepidiphilus 22 Caloribacterium > GW2
L BE 7 % Caloribacterium ~ Proteiniphilum £ Moorella » GW3 i & B4 7/ 5 Bacteroides
Ezakiella & Prevotella » MW1 3 & @%@/ 5 Tepidiphilus ~ Caloribacterium 22 Prevotella »

MW2 3 & &4 /% & Tepidiphilus ~ Porphyromonas £ Bacteroides °
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100 1

Phylum
Others
754 .- - - . . . .... . Epsilonbacteraeota

Verrucomicrobia

. Thermotogae

- Patescibacteria
504 - . - - o " Chloroflexi

. Spirochaetes
. Actinobacteria

o54.... . .. .. N e . Bacteroidetes
. Proteobacteria

. Firmicutes

Relative Abundance(%)

100 1

754 . .. .. ... .Moorella

Escherichia_Shigella
. Porphyromonas

. Prevotella
| Proteiniphilum
B Ezakiela
. Bacteroides
. Ideonella

. Caloribacterium

B vepidiphius

Relative Abundance(%)

B 4-20 3 TR AP srERmE g L E R HE R
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4732 1 EF BB AFHA LS

B-6 B IEBEALSGEFTDNAFEBE L A2 /S BEFR(Z 4156 BRI BE
s “p«i*j;f?' B A 417 3 568 fa2 B o H P AR BES2IFR 4—5 m 03 H(S2-4.5)¢ ATELE T
et AR S > REES2FR 5—6 m 03 HE(S2-5.6)=x 2 > %E Sl FAR 5—6m 3 E
(S1-5.6)% 1% o

£ 4-15 BH-Ha 2 MR k¢ LB T e B840 B Shannon-Wiener 4% {4145 %

#HF 1B | HH&FA | Sample No. | Observed species | Shannon-Wiener diversity index
4—5m S1-4.5 426 7.00
> 5—6m S1-5.6 417 6.98
4—5m S2-4.5 568 7.11
> 5—6m S2-5.6 469 7.11
4—5m S3-4.5 442 6.91
> 5—6m S3-5.6 427 7.00

6 Bt » 2 F]4p Shannon-Wiener 5 #R{24p#%4 4% 6.91—7.11 2 & » H ¢ 11458 S2 JF &
4—5m & 5—6m i HE(S2-4.5 % S2-5.6)2 A 5 LB R o B S3IFR 4—5m 2 H(S3-
4.5)E 1 o 1L 3 B HREES Y A LR (B 421~ B 4-22) 0 S2 B Y Tiop R AN
B FRFAR R SI & S3kEh, ¥ S2HREIEY Fip R R S1 & S3 g .

Rt R A LRI DEAARE R A 3 BRI E Y (B 4-23) 1 BLET] 721 Al
F 03 BHREY 5 PR TF 378 fA(TE 52%) 0 S1 # 5 FfEaF 52 fE(H 7%) 0 3 BiREY 7
FfEd > S2 #5 FfETF 104 (i 14%) - 2.3 BiREY 5 Ffhd 5 0 S35 AT
68 FE(1k 9%) 5 &%t BIRFERF hi b FfE k7 > S1 & S2 X F Ff87 430 f&(iE 5 B3 F ik

2. 66%) > S2 ¥ S3 L Ik FfEF 417 (S B F a8 62%) 0 S1 & S3 £k FfaG 406 &
(163 BLf8 Afa 2 66%) - BREm 3 3 BRI E? AHLBE T2 £ o

B B RSB FARE Greengene ‘¥H{S o T EN 2 et F B 24 BEAM 44 B~ 82
B~ 1154 ~237 B2 6848 o B 4-24 71416 B 2 R A rE N mpFw - F DR PpHER -
d % 7]-> & w| §_ Firmicutes - Bacteroidetes ~ Proteobacteria ~ Actinobacteria - Epsilonbacteraeota ~
Fusobacteria ~ Verrucomicrobia ~ Tenericutes » Acidobacteria ¥ Deinococcus_Thermus > 6 # 1 3&

kAT J}_’,{?]_mﬁx S ‘p\?]F"’ T = %ik B¢ % Firmicutes ~ Bacteroidetes 7 Proteobacteria - B 4-25
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A6 B2 HAE A E T L S E R R - B B R LR E 37—
40% > $% 8L S1~S2 ¥ S3 4 F R 4—5 m (S1-4.5~S2-45~S3-45) % 8 S1 & S2 /& 5—
6m (S1-5.6m ~ S2-5.6)4 3 ¢ 3 & B4 F/h % Staphylococcus ~ Prevotella &2 Escherichia_Shigella
%5

B S3 FR 5—6m (S3-56)2 % ¥ 3 & B FHE L Prevotella ~ Staphylococcus £

Corynebacterium_1 °
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48 7 ¥ F -k @ﬁ:éﬁﬁ

AFFE2018 E 84 2 9N EFHYE 2 ARFFED 52018 £ 100 8 p BAEFT R B
R % - B LERBRY 0 FPAKEFLIS o ELELSE P 24m’; 2018
E 117 QPB4 ESEp A -RPERFL 12/ #1R55p36m°;2018& 127 12 p
bl FE P ARPER G 24 L B E A E D T2 m 0 BFIE REHIRLFRF KT N
SN 0 w3t 2019 F 06 7 18 B B R pULOREER G 12 o) o 7
BER o BRBHERN o 22 B E GWISGW2 2 GW3 > X T pld 3R 7 WA2ER
PRz BRE ko TRl Z MWL 2 MW2 e

B 24 335 @t 2 > B BREFEITOL 2 TR TokEE S 2 (NIEA
W103.54B) | # & -k #R(B] 4-260) > A& HE S FRFET 0 mERFLRERE S A o R
SRR ESOTIE T RPI(E 4-27) 0 AR ERR S FR GRS BRI E -

B 4-27 IHF-E Rl TR
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4.8.1 3 ToROR R SdE Rl
LR R 2 ARFT A ETEI 2 B MWL 23 F 5 L1lmg/L > MW2 2.3 5
% 1.08 mg/L > 2018 # 10 * 8 pA=p=® p 8 | P/ » 3% kKis > ii-kzE2 MWI » MW2
BTORERY 2l TR AR 428 1o o MWL 3 5 ER BRI ERE L 9.02mg/L(E53 £ 4-
16) L3273 % kR 5 59Img/L> MW2 3% ERBIFE 3 5 252mg/L - T35% % kR 5 1.78
mg/L et 2018 & 11 % 9 p#ji-k4pdkeci & p 12 ) MWL 25 ERBIEES S 121
mg/L > T2k R 5 11.09 mg/L > MW2 ;32 ¥ JERPIFEF 5 406 mg/L > T32kER 5 3.23 mg/L
PO 8 [ P 5B o3 2018 & 120 12 pMARAE i L F p 24 [ pF > MWI i3 § kB R
FE B L 243 mg/ly T § kR S 1475 mg/lL MW2 i3 5 ER B S 5 222 mg/L > T

%% kR 5 129 mg/L -

R A 3 > MW2 4 ¥ 8hr/day ~ 12hr/day BFEciz » 455 ¢ > 3§ P A g R EILT MWI
WERBEE > FIAFHZ B TR S e AT A e A BEE MW2 203§ R4

k¥ GWILo & MW2 R4k B GWL 6 1 20 - F3F Kbk THRE Y LiF B
- TR - B EEAAEP 2 BT I EAL k2B F RRRE  Gd BT
T 2 2 IR ’%ikﬁ?ﬁﬂﬁ§i£ﬂ%¢ﬁﬁ:%Eﬁﬁﬂ4¢ﬁi%$%
Fokte MW22 735 3 Atghaned > FIRFFI RBRE RIHB 37 RELE A
PO REBZFEIES LT ELA AR LERTIA PRI ERAME LZR
R AN T A RTE S N R TR - F . LR

Bl 428 23 ka2 TRl 2 35 ERSICHE 2019 # 067 18 p B4pi-H p i KpFa
BL 12 pF i Fp Rt ST S P 8B R o A EREER AT SRR d 31 R
R REEFREE  FIMSH T RRLL-kERF @ m 082 22 p % 08 % 30 p FliEA
A REG R T RAKT RBFRMBL L o bk - &
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#04-16 2ok BRI B R R

TRIPY | Ak | MWI MW2 | ERIPE | ks | MWI MW2
09/07/2018 |  NA 111 1.08 | 04/10/2019 | 29.40 12.35 13.90
10/09/2018 |  14.40 5.38 .15 | 04/19/2019 | 33.70 15.04 15.81
10/12/2018 |  24.50 9.02 1.80 | 04/25/2019| NA 12.31 13.27
10/16/2018 |  30.50 2.70 1.46 | 05/02/2019 | 30.40 12.89 12.59
10/19/2018 |  22.40 6.02 1.93 | 05/10/2019 | 29.80 13.54 13.36
10/25/2018 |  21.90 6.32 1.83 | 05/17/2019 | 27.90 14.54 12.15
11/01/2018 |  23.40 6.03 2.52 | 05/24/2019 | 26.50 13.28 11.95
11/08/2018 | 21.00 5.60 3.40 |05/30/2019| NA 8.34 5.6

11/14/2018 | 23.40 9.81 3.72 | 06/06/2019 | 28.60 13.59 12.62
11/16/2018 |  29.10 12.10 406 | 06/13/2019 | 29.00 14.15 10.84
11/20/2018 | 25.60 11.80 3.04 |06/21/2019| NA 11.81 9.58
11/22/2018 |  24.50 11.93 2,62 |06/27/2019| NA 8.33 8.36
11/28/2018 | 23.60 10.28 3.02  |07/05/2019| NA 9.15 6.97
12/04/2018 |  24.90 10.36 312 |07/12/2019| NA 9.80 7.63

12/07/2018 |  24.50 11.32 3.06 |07/19/2019| NA 9.36 2.20
12/11/2018 | 24.50 4.87 246 |07/26/2019| NA 10.23 3.99
12/14/2018 |  25.10 12.01 3.56 |08/03/2019| NA 8.79 4.10
12/18/2018 |  24.20 11.20 3.85 |08/09/2019| NA 9.10 3.65
12/21/2018 |  24.50 6.45 4.68 | 08/16/2019| NA 11.64 3.51

02/14/2019| 24.10 15.76 13.42 |08/22/2019| NA 4.04 2.15
02/19/2019| 24.10 9.87 7.03 |08/30/2019| NA 2.83 2.96
02/25/2019 | 24.50 17.10 1451 109/06/2019 |  NA 5.32 2.79
03/05/2019| 25.10 19.40 1636 |09/12/2019|  NA 2.29 2.86
03/15/2019| 35.00 24.30 2220 |09/19/2019| NA 3.56 3.17
03/20/2019 | 25.70 20.40 18.92  09/26/2019| NA 3.13 3.44
03/27/2019| NA 5.58 6.78 | 10/03/2019| NA 8.15 3.59
04/02/2019 |  31.20 11.36 1452 10/07/2019| NA 9.90 3.66
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482 B ToRBEEAITLE
AR B TR AR s 52018 # 10 7 8 P AR 4pik {7 8 hr/day e 3 § kL
- BRI EE TORER S AP 2 F AR LARD BIRR-F 7 F
Fo¥e G REREAITEEINE 4170 5 F pASEZEER 10 7.97-543mgL > &
- B0 Aok fE T T 0.04—038 mg/L > T A AT E AR % _13.7—47.1 mg/L *# 2 Not Detected
(ND)> @ 5% % 0.23mg/L > #A'fz @ P1j£ 0.26—8.43 mg/L + 2 1 7.75—43.86 mg/L » &'z
TARR S MOt TORE FHRE S R S P RSB TR
TSP FOER ASE- B AR KR AARD B2 198—266 mg/L ¥ 2 ND
—60.0 mg/L > @ ffhaE > ¢ AgiEE TR AR ¢ F o 4 K AE 5269 mg/L ¥ 1 ND—
1916mg/L kR F Bl > @ 7 %~ Fe % ardiikd HARD - F2 2 FA0EH TOLE 1R
B pAhZAHTY o FAYTEEBEINRY 23R o JEEE TRY v BAp a0 B
AR E A SRR B AR T 2 AL B2 S fRIE Y SR

% 4-17 3 T oREH L 7.4 5% (11/08/2018)

~4EEP| E= | GWL | GW2 | GW3 | MWLl | MW2
i% mg/L 0.21 0.10 0.04 0.21 0.38
A B mg/L | 2813 | 7.75 | 4386 | 4319 | 44.74
LTAER | mglL ND ND 0.23 0.03 ND
By B mg/L 3.75 5.35 3.75 2.58 3.70
¥ mg/L ND ND ND 8.0 60.0
3 mg/L ND ND ND ND ND
e ¥ mg/L 67.0 ND ND 1916 470
o mg/L ND ND ND ND ND

2018 & 11 * 9 p A= 12 hr/day shB i3 § ki1 » > — B 7 {83 T K28 T pl A~ 47 8y
P34 4180 £ FEAR S 0.06—024 mg/L > A LR % 3.99—65.56 mg/L » LAV LTk R
5 ND—0.07 mg/L » Fife B kR 5 29—4.6 mg/L »
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22018 # 127 11 p#HHEAFTEEY > MWL~ MW22 ¥kA» #2018& 11 % 8§ p i >
A GW3 P17 0.9 mg/L » MW R #E#cE 7 ¥ > 2 ¥E R IR T 5484 (K 1916 mg/L % 3
694mg/L) > e MW2 % i g+ » & Iw = Fing 5 P A (£ 470 mg/L #{ 3 801 mg/L) » GW2 7
FrBEARC F oI ML ORFELF ORGHES RS BERASMEIEF T d N

ARy ToRE BT R AL R A FAPRILGERTR

4418 B TR A 72 % (12/11/2018)

~4eEP| E= | GWL | GW2 | GW3 | MWLl | MW2
i% mg/L 0.23 0.08 0.06 0.12 0.24
e B mg/L 3.99 4.43 7.97 6556 | 23.04
LTAE@m® | molL ND ND ND 0.07 ND
P mg/L 3.8 3.2 2.9 4.6 45
¥ mg/L ND ND 0.9 4.1 33
3 mg/L ND ND ND 0.8 ND
o ¥ mg/L 5.7 2212 112 694 801
Fo mg/L ND ND ND ND ND

BT 24 he/day ;2 ~ 373 % K3 2019 & 06 7 18 P » ik~ $rdcdpdc® 4-19 3 £
422 iz A HFEHRAITEFEY  F FEREHFEHRP DRI TALYE S 007-032mg/L ~ 0.10—
0.85 mg/L ~ 0.12—0.99 mg/L ~ 0.20—0.82 mg/L » A @k & » % 5 4.87—9.30 mg/L ~ 9.30—
21.71 mg/L ~ 8.42—90.40 mg/L ~ 9.30—46.07 mg/L > W Bk R » % 5 2.6—4.2 mg/L ~ ND
—0.03 mg/L ~ ND—0.12 mg/L ~ ND—0.55 mg/L > Fifc @)k & & % 5 2.6—4.2 mg/L ~ 3.0—6.2
mg/L ~ 2.3—3.7mg/L ~ 1.6—3.2 mg/L -

dizr IHEEMITESFYP E I v F2 FEAS 01-9.0mg/L > &3 £ 11 7 50K e
™t ? FRRE2018 & 12 % 11 p 2 4% % kRS 015-365mg/L> ¢ ¥ A7 T
#HBREY MWL NRFRAR - 2 RARM S kA S ND—2151 mg/L > @ ¥ o 4 f
By AR D(R 417 2 41 At s F AT ERY wIN(F 421 T & 424 &

MWI B33 kR B BE 7706 mg/L> Jafpd @ L2 TRz~ Tokiim A4 i @

Bl RIVIA R BB AR A e .
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% 4-19 2 T oREE L 372 5 (02/19/2019)

Adrsp | Hi GW1 GW2 GWS3 MW1 | MW2
%% mg/L 0.29 0.21 0.15 0.32 0.07
AT mg/L 9.30 8.86 7.53 4.87 8.42
LTA@EB | mgl 0.07 ND ND ND ND
PR mg/L 3.0 35 4.2 2.6 3.9
E3 mg/L ND ND ND 4.0 9.0
3 mg/L ND 4.35 ND 36.5 19.0
o ¥ mg/L 16.00 7.60 13.80 1333 2151
L mg/L ND ND ND 24.0 ND
% 420 B T oREFA 52 5 (03/27/2019)
AR | Hi GW1 GW2 GW3 MW1 | MW2
¥ mg/L 0.20 0.63 0.85 0.10 0.77
AT mg/L | 21.71 15.95 9.30 1152 | 21.71
LTA@EA | mglL 0.03 ND ND ND ND
Fips @ mg/L 3.0 5.4 6.2 6.0 3.3
E3 mg/L ND ND ND 1.6 0.1
3 mg/L ND ND ND 0.15 ND
2 ¥ mg/L 1.85 ND 16.95 | 491.9 | 266.05
R mg/L ND ND ND ND ND
% 421 B ToRERHE A 472 5 (04/25/2019)

AR | Hix GW1 GW2 GWS3 MW1 | MW2
Z¥ mg/L 0.99 0.77 0.18 0.12 0.22
A mg/L 16.80 | 90.40 | 42.10 8.42 38.50
LTA@ER | mglL ND 0.09 0.12 ND ND
poatils] mg/L 2.3 2.9 35 2.9 3.7
E3 mg/L ND ND ND 4.8 ND
"oy mg/L ND ND ND 1.8 ND
e ¥ mg/L 0.95 ND 14.88 1107 0.95
Fe mg/L 0.8 ND 10.5 770.6 0.8
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# 4-22 2 T oREE A 3752 5 (05/30/2019)

AYrEp | Hix GW1 GW2 GW3 MW1 MW?2
%% mg/L 0.20 0.22 0.37 0.26 0.82
AL mg/L 9.30 11.50 14.60 18.16 46.10
LA | mglL 0.03 0.55 0.43 ND ND
P B mg/L 2.60 2.80 2.90 1.60 3.20
E3 mg/L ND 1.4 ND 1.45 0.60
3 mg/L ND ND ND ND 0.45
3 mg/L ND ND 12.25 342.0 562.6
Fo mg/L ND ND 8.50 | 228.15 | 375.6

BEMWI 2 MW2iga r T pl2 2 54 kRRA = » 2 5 > a2 P53
P 5N AEMWIE 2 MW2iga v Tl > 29 e ¥4 MWL 2 MW2 $ 6 kR - &
BEZ o okE BB F KBRS R A AT R F 2019 & 67 27 AL
BH2p T EMPRER

2019 # 06 " 18 p A=H#3-RAFF A A L 12 hr/day > & dgrfes 2 p Bk 3k > L 47

£ o , % 2
F IRk ko

Fefpdod 423 14 4250 Az EBEAITERY A FRRGERP PRI TA L ND—
1.28 mg/L ~ ND—0.09 mg/L ~ 0.03—03 mg/L > W@ k& » % 5 84—19.9 mg/L ~3.5—13.3
mg/L ~3.54—11.5mg/L > L LR D BEREEER A B 5 1.2—3.9mg/L ~ 0.3—0.9
mg/L ~ 0.7—1.9 mg/L -

Bz AaERATESEY 0 FEF MW2 P ORIE 33.0mg/L T FEF T MW2 ¢ ORE
213 mg/L > ¢ ¥ 3§ 773> MW2 # B|{% 1665 mg/L » &2 :¢ 4§ 24 -
BE o F H Ao g o

72019 # 08 7 22 p fRkits » T GWI S » b &4 fRFE R R 0 K F- & 152019
PR B o R R 152 4
ARG EE MDA 4#”m}afi“/f TMW2h s Hepw v H PR F T G FIZEA R RS

AT ag ISR T A 2R RS A de O

| PR PE 2R RE v R

£ 08 % 30 P S (R 425 2 4 426)F AL B L B e}

BTk g
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# 4-23 B T oREE A 372 5 (06/27/2019)

srEp | Hix GW1 GW2 GW3 MW1 MW?2
%% mg/L 0.17 ND 0.15 1.28 0.12
AL mg/L 8.4 8.9 9.7 9.75 19.9
LA | mglL 0.03 0.03 0.06 ND ND
Pk T mg/L 1.90 3.90 1.90 1.20 3.90
E3 mg/L ND ND ND 2.80 1.10
3 mg/L ND ND ND 0.70 ND
2 ¥ mg/L ND ND 7.70 876 256
Fo mg/L ND 0.30 5.00 585 171
% 424 B TR A 74 % (07/19/2019)
A¥rEp | Hix GW1 GW2 GW3 MW1 MW2
% mg/L ND 0.02 0.02 0.06 0.09
AL mg/L 13.3 11.1 3.5 9.30 4.0
TARF® | mglL ND ND ND ND ND
Bhpe B mg/L 0.90 0.50 0.70 0.30 0.90
E3 mg/L ND ND ND 7.90 33.0
vF mg/L ND ND ND 1.30 0.75
3 mg/L ND ND ND 949 910
Fo mg/L ND ND ND 683 622
% 425 B TR A 74 % (08/22/2019)
AYrEp | Hix GW1 GW2 GW3 MW1 MW2
%% mg/L 0.03 0.07 0.04 0.30 0.16
AL mg/L 6.65 11.5 7.97 4.43 3.54
LA | mg/lL ND ND ND ND ND
Pk T mg/L 1.90 1.10 1.20 1.00 0.70
E3 mg/L ND ND ND 8.63 31.4
"R mg/L ND ND ND 1.13 2.13
s ¥ mg/L ND ND ND 1131 1665
ER mg/L ND ND ND ND ND
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# 4-26 ¥ T oREE A 3752 5 (08/30/2019)

A¥ER | B GW1 GW2 GW3 MW1 | MW2
%% mg/L 0.57 0.15 0.16 0.56 0.21
AL mg/L 29.2 9.30 9.30 65.6 74.9
TARE® | mglL ND ND ND ND ND
P mg/L 5.40 1.10 1.10 1.50 1.60
E3 mg/L 9.375 1.875 1.625 23.63 11.13
3 mg/L 1.875 ND ND 2.500 1.375
o ¥ mg/L 479.9 | 293.0 | 46.38 1587 1325
Fef mg/L ND ND ND ND ND

2019 # 09 " 26 P % AL B S - S ToREE > AR RN A 427 T ¥k

BB Bt E FIRE s B E A F F v (R 4-13) 0 kR BT ST o

4427 BT OREEA 5.5 % (09/26/2019)

AyrrEp | Hix GW1 GW?2 GWS3 MW1 MW2
ES] mg/L 0.11 0.14 0.86 0.16 0.29
A e T mg/L 9.7 22.59 4.43 13.7 19.5
TS| mglL ND 0.06 ND ND ND
Bhpe B mg/L 2.20 0.30 0.50 0.70 0.70
E3 mg/L ND ND ND 12.1 15.1
3 mg/L ND ND ND 1.15 1.40
z ¥ mg/L 1.25 9.50 3.10 348 639
Fo mg/L ND ND ND 0.30 ND
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483 T EFEK AT E

G- EZBRFOKELIE 2019 EF 107 01 P27 EEHEE > REREHAEART
FpEip e (B 4-9) > A% 52 S1~S2 %2 S3 HHFFER 2 4—6F » 2 & 50 25 JgB— 23
FBEHRFEREG 452 %, 9 5 S1-1~S1-2 > S1-3 ~ S1-4 ~ S2-1 ~ S2-2 ~ §2-3 ~ S2-4 ~
S3-1+83-2+83-3 % S3-4> £ 12 eh@ki= » A5 2 £4F » B % 7|34 428~ £ 429 -

fedk BB BMA P A ELENBE THERY NERTFF 2 - o d FRERY FoD W Fa 2
IBPEMAENS TI2—T790 2 F > T35 754 A w A A S oo

FAMAPAER2ZEAF2 - 5 2P 2§ Z AR A 0.02-25%2LF o K- &
B ARIF 2RO E ND—0.013%2 fF > T35% 0.011% > ¢+ §F 7 B - s 32 7

¥ E -
FEE et Y 2 kR NG 600 mgkg o - R TRIELABHERFRY G 673
847 mg/kg » T35 776 mg/kg > B wHEZ Bk F 3 P2 T2 Tk R > BARTH

(R 410 e - B2 § e

PR AT R (R 429)E ARTAR(E 41V RF e G- EAuEA > 25

S
¥

RRIDG EEFEMAET 0 FEC F P mEED G LFRNEAEE > R F e BEZRRT

222 R ’ I N S
HR AT E AR T RN B e

AR
o
o
R
w

B 4-29 3 EE& B 4-30 74 2 3R A
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% 4-28 X E2Z HPlEE

S1-1 S1-2 S1-3 S1-4 S2-1 S2-2 S2-3 S2-4 S3-1 S3-2 S3-3 S3-4
Fedk @ | 7.62 7.43 7.54 7.55 7.61 7.44 7.86 7.90 7.72 7.52 7.12 7.22
%% (%) | 0.008 | 0.006 | 0.007 | 0.008 | 0.010 | 0.013 | 0.011 | 0.008 | 0.010 ND 0.004 | 0.006
o 834 773 811 816 673 795 847 824 691 715 759 770
(ma/kg)
7 e
299 235 172 154 123 147 156 172 238 147 200 226
(ma/kg)
& pa 535 539 640 662 550 648 691 652 453 569 559 544
(mg/kg)
4429 13 PEFAFER
(# = : mg/kg)
S1-1 S1-2 S1-3 S1-4 S2-1 S2-2 S2-3 S2-4 S3-1 S3-2 S3-3 S3-4
TPHb 668 362 72.2 112 ND 204 104 125 1417 130 131 29.7
Benzene 4.50 0.79 15.64 1.62 0.16 0.59 10.7 11.8 433 0.13 10.0 14.3
Toulene 0.87 0.94 0.61 0.11 0.04 15.3 1.04 1.31 1.16 ND 1.34 1.29
Ethylbenzene | 188 499 119 50.7 23.1 567 241 188 239 40.3 273 277
Styrene ND 0.36 ND ND ND 0.82 ND ND ND ND 0.06 ND
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484 Et A 17 %
BT OREAR TR £
/lfb afq’fj%\ FI%’%‘J"’ %i/ ”

4841 7 PR & enT R 2 TR AR A AT

BENBAEORIBEHE 2019 £ 30 6 7 7 Vg 8 8 B2 BEREE TK
(MW1 22 MW2)ie (7 E4R 447 > 1707 B30 385 Kis o 3 TREpe kit Ra 777
@97«%$¢&1LWA%&%%»éﬂﬁmmwwiwﬁiéﬁﬁiéﬁﬁwﬁﬁ’ﬂw7
VA BERE LY A BEAEASFEREIR

drd 4-30 977 0 10 B4 & ¢ STRLE G e A 4 3T 404— 1036 fE2 B 0 2 E R E MWI
T8N Ry Tk b Al F 0 ERE MW23 30 FRE g TokY mE s
Bk K MW 2w F 4 falic /i >0 494 T 1036 f82- [ » MW2 2 ‘m f4~ fadic 4 >> 404 1 786 f&
2B A AR ERIE TR EZE T ORY > wAS AR EFFE 0 B3 F K1
foo FFE[E MWL ERE 0 B TR b A e R E BT T B MW2 ERE T i
EMWI Z R g figtia » 2 GWI(ApEE0.3m)m o T 5 2 § F 15k s @3t 7 1 &2 87
s B E R e TR Rt AT e R

4 04-30 A PR 4E B enE B2 B Tk BT e B84 #c2? Shannon-Wiener § # 114 1

iR Sample No. Observed species Shannon-Wiener diversity index
MW110803 494 4.43
2019 & 3 *
MW210803 404 3.26
MW110806 974 6.90
2019 & 6 *
MW210806 728 5.02
MW110807 1036 5.74
MW210807 609 4.39
2019 & 7 *
MW1108R7 982 5.45
MW2108R7 581 4.21
MW110808 1036 591
2019 & 8 *
MW210808 786 6.01
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MAZB IR E FoK Foeok it M 4 B RS EESK TS

10 1 $% * 2 {48 Shannon-Wiener % #3454 4> 3.26—6.90 2. fF » # # 2 MW1 *t 6 *
RS TR hEA S RIEE B 0 MW2 3t 3 0 FR B TR ShE § A K o MWL £ R
H g TR FAR S REF A MW2 R 0 A3 BERE 2 TR S REARS Y U3 Y 516
PR A A A B4 0 A T P R L TR 8 Y 4 0 TR AFE A BB F KSR 4
BTk g Eg R4 AR SR o LA BT RY FA0 L R (4o 431 & 4-32) 0 MWI
BLAFAES A S HREEFIMW2 22 B2 L B E MW2 33 MWL »

#-fF)4p 2 Shannon-Wiener 7 tk{1dp ks K I S-8icie (AP B 124 47 > 5 % BT fic 2 4 AP

ERY R TE LTS

1000- [
w
D
2
@ 500-
(
©
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2 600+
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(o]
4001
Y e

Group
B 4-31 & B E R w7 kP SRR A A £ R

71 o
6.
c
o
c
@ 5
=
w
o
44
e 2]

Group
Bl 4-32 & @B % p¥ 7 k¥ F4p Shannon-Wiener % & tipth2 £ ¥ B
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W TR A SRR R Bk 2 BERIE T3 R e TR (] 4
3L AT 623 w0 2 B ¥ hEAT 275 B(E 44%) 0 MWL #3 Ffat 219 (i
35%) » MW2 # 4 E#aF 129 fa(& 21%)

A6 0 R B ehs TR (] 4-349) £ B T] 1086 im0 2 B2 hEfET 616 A
(& 57%) » MWI1 # 73 F#EF 358 (1= 33%) > MW2 #% Ffat 112 fa(iE 10%) = 7 * >3 &
ch Tk P (B 4-35)% LR T 1144 im0 2 B2 ¥ F hEET 501 (1 44%) 0 MW # 5
FjA 535 fa(ik 47%) > MW2 # % F#6F 108 F(ik 9%) © >t 8 7 x4k & e T -k ¥ (F] 4-36)
LRED] 1T AwmpE 2 B F T HEET 651 M 56%) 0 MW #7 FfEF 385 (i
33%) » MW2 33 FfEF 135 fE(1 12%) -

FEATG- VoA BERE Y AR B TORE R R 44—57% > @ e 3 (R14-37)
MWI1 &2 MW2 # I Efadic 5 1028 fa(ik 73%) - MW1 # 3 Ffat 309 (i 22%) » MW2 # 3
FALT 67 (k- 5%) > v A5 BELRY AEALE A S o & MWI #5 Ffskd  MW2 &7
i H g~ 2 GWILF M o

CIRC R Iy R ES .mﬁ&ﬁjuaﬂﬂﬁsﬁ%¥%ﬁmﬁ 8 1 ipen 1171 4

DR EA B B REIE TR Y T LML A E A @ B8 TRV Efike
Hb o B AF A FRT kTS BERE FAALBREF M RS ABELFAT kT A

A
BEPRY AMLERS(BI4-16)> 2 FMAT E29% 0 2@ 4 > 375 F -Kis (B 4-33 1 4-37) >
BLPFfafiel 73% ¥ L4 r 33 F K7 a0 ik - A FE~ E
B TR AL R BB

7 I A B erdp 0042 T B B R A TR A TSR 0 R AR A FE Y
UPGMA (Unweighted Paired-Group Method Using Arithmetic Means)#_~ fa# 5 % * R4~ 47
=% » 11 Weighted Unifrac JE34E "L A UPGMA F 37 4 47(B] 4-38) > & B E 012 3 7 > 2 F4p
BAp 0l o MWI ER|2 7 7 &2 8 0 A2 FApd s dp iz > MW2 B R 2 7 7 & 8 0 kA2 B4R
BE AR BT A BERIE S TR T 280 R C ARITH T
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MW110803

MW210803

Bl 4-333 " B2 BE R B ToLY ﬁﬁp&ii—@ < [

MW110806

B 43467 B2 BEREE T kY Ffik B2 2 <F
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MW110807

MW110808

B 4-36 8 * f)}%}%ZTﬁEIHi"HT,]{ﬂ ﬁﬁl’?-ﬁ‘liv < B
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Bl 4-372 BEREE T kY HEFE 22 LH
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L Mw2108R7
MW210808

S MW210803

MW110803
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10 B Tk AR > W EN N2 et F A 34 B A~ 77 % ~ 149 B ~ 207 # ~ 291
Be 774 - B 4397 D srgnlmpE i - aFP A R 0 4§ 3|5 A W E_Proteobacteria
Bacteroidetes ~ Patescibacteria ~ Firmicutes ~ Actinobacteria ~ Planctomycetes ~ Acidobacteria ~
Chloroflexi - Epsilonbacteraeota ¥? Chlamydiac e # # 3 ? i» 2 @ & 22 8 ¥ i» MW2 & |+
B ToR#TZ FPw e & 4 Proteobacteria ~ Bacteroidetes ~ Patescibacteria £ Firmicutes » 7 ¥ i»
MW2 % Bl # ¥ T k57 AP m e & 4 Proteobacteria ~ Firmicutes - Bacteroidetes
Patescibacteria » @ H is $k A 2 ¥ T kT 7 M w e ¥ 5 Proteobacteria ~ Patescibacteria
Bacteroidetes ¥ Firmicutes > & 51 Bacteroidetes Za¥Ff4c » 33 % kit dE 7 B> 2 48% > &
Patescibacteria ¥ Firmicutes 7 3 4v 2. a4 o
B 4-40 7| Do gmlmFahm - 5 E RAREE R o 2t L S PE R 32-86%
W32 BEREE Tk RS 3 &5 Pseudomonas ~ Cloacibacterium £
Tepidiphilus - % ]2 MW1 36 7 ix3 Tk 7 iR H F7H 5 Zoogloea » @ 77 ipy T k1 3
B RE F 6 5 Allorhizobium_Neorhizobium_Pararhizobium_Rhizobium (B % F/%) > @ 8 1 (» B
&_Tepidiphilus 22 Allorhizobium_Neorhizobium_Pararhizobium_Rhizobium - % jp]¥ MW2 >+ 6 *
8Tk g BB A AR 5 Allorhizobium_Neorhizobium_Pararhizobium_Rhizobium » & 7 * >
B8 N Tk RiBER AR 5 Pseudomonas o W§ ¥ P53 4v Pseudomonas (¥ ¥ #) &
Cloacibacterium ( # £ &K ¥ 7 ) 0 #& & 3 & *° D& % > @ Zoogloea &
Allorhizobium_Neorhizobium_Pararhizobium_Rhizobium (s % 4+ % F]) F 3 e g% o
AR ERY kg o MWL &2 MW2 & TP ar g d w3 L E Y & Proteobacteria
Bacteroidetes 7 Patescibacteria (4= B 4-41 #7775 ) > @ = 3 ¢ @FE» MWL & A ;
Allorhizobium_Neorhizobium_Pararhizobium_Rhizobium ~ Cloacibacterium ¥ Pseudomonas > # 3
¢ AB* MW2 ik B 5 Pseudomonas ~ Allorhizobium_Neorhizobium_Pararhizobium_Rhizobium &2
Cloacibacterium (4-®] 4-42 #7177) c B A4 > B3 5 kw2 & TR HBERFMF E FHH AR (F
4-19 22 4-20) > 4o » BB F kPSRBT kY BREFFPEHEE A > AR 0 T LA~ B3 F
RSB F TRy TRZ AR -
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LEfSe [Linear discriminant analysis (LDA) Effect Size] #_* 45 3|7 &R ¢ 3 T K 74p
EREFLIFE HY MLy EFHL L (LDA) R & & R RS AE R AL R ek T
o BNEHEARLS AL EFLLBREOET NP o B 443 417 > 3 MWL E Rl
T kP Azovibrio ~ Candidatus Nomurabacteria bacterium GW2011 _GWBI1 35 20 ~ Parcubacteria ~
Zoogloea ¥ Rhodocyclaceae 2. B & B ¥ % MW2 % Bl¥ > a MW2 & p|& = T k¢

Pseudomonas resinovorans ¥ Pseudomonas stutzeri 2. 8% 5 % % > MWI1 % jp|# o

! ! ! ! !

Eo_Pseudorﬁonadales

f: Pseudomanadaceae
g_Pse:udomunas
c_Gammaprot:eobacterla

5 Pseudbmonas reélnovorans

s_| Pseudomonas stutzeri

_ a_Azovibrio |
_f Candldatus Nomurabacteria bactenum GW2011 GWBl 35_20
_ g_ Candldatus Nomurabacterla bacterium GW2011 GWBl 35_20

s Candldatus Nomurabactena pacterlum GW2011 GWBl 3520

. 0200
_ o_| Candldatus Nomurabacterla :
. [ - rarcubacteria :
i s Zoogloea 3
_f Rhodocyclaceae |

o Betaproteobactenales . .
| | | | | | | | |

|
-6.0 -48 -36 -24 -12 00 12 24 36 48 6.0
LDA SCORE (log 10)

Bl 4-43 LEfSe 2 477 #E2 2 P ERZ P # T RAWEREFLE P4
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4.9 @b &4 j% F‘]'a? Sr Pk

oA F RFT2019 880 22p &7 A R FG ORI LSRR TH O~ 2 RS
Enterobacter tabaci (W14-44) » * FI#E>22009& p # b = @ AfER #jd @ o daE > £ 2020113
2013F &3 & Hp BF 25 % 30 B & Bh 4 4o T340 5L B G T ES 2B AR REFR
AR T SRR

BIEATEEAAGHAMAL L LY AL ARATRHRRIY RABE S PP HFTE
A2 ODeoo » 0559 A (SR * 75 ARFREFA/TFTEIF  HAWHF S 0L B A=
Ers &gl 20 Lo RIS GWI AR » 20 24 2 4 fBE £ 0 2 inAzdc Rl 4-

<\
Bk

(‘X‘

45 957 o

Bacteria Identification Analysis Report

Moz FRI1907 30 2
WVendor name: 586 KRR Bt 40 A [ate: 200986
Sample name: : KENUI2
Sample Qe 1 plate
INCI anplification of bacterial 27F and 1492K 165 fDNA gene regions
Sequencing primer: 330F and 805R
Dabase: NCRI 165 Abosomal RNA sequences
165 (IINA full-length sequence:
TCAGATTOAACCCTOG AR AGGOCTAACACA TCCAAGTOUAGOGCACCEGAAACTAGCTTOCTACTTTOOU GO A
GGG AU TG AG TAA TG TC TG AAACTOCCTOATOGAGGOIGA TAACT AT TOOAANC U TAGCT AN TACOG A
TAACGTOOCAAGACCAAGAGGOGACCTTOROCCCTCT TOOCATCAG A TG TUOCCAGA TURGATTAGC TAGT AGG U
T AN GG U T A CTACOUCG AL GA TOCCT AT TOTCACACA TUACCAGUC M ACTUAACTUAGAC AU
ACACTOCTACUCAT AU AGTU R G AATATICCAC AN TUO OO AAOCCTUATOCAGCCATOOCGUUTOTATUA M
AACCT T T TTET ARG T ACTT T AGCCRGAGH A CETUTTUAGCT T AA TAACCTC AGCAAT TOACTTTACOCT:
CAGAAGAAGCACCGOCTAACTOCGTOUC AGCA OGO TAAT ACGOACGUTOCA M UTTAATOGOAATTACTOROC
GTAAAGCGC A CCAGH G TCTU T AAGTU GG AT TG AAATOU OO TCAACU TGO AT TUCA TTOGAANCTGOC
AGCCTAGAGTC T TG TAGAGGGOGGTAGAAT TOCAOG TU TADOGG TUAAA TGOU TAGAGA TCTOGAGGAA TACUGI TG
(AN OCCOC A CAAAG AT ACGCTCACTTOCGA AN U TG AGCAAACAGUA TT AGA TACCCTOGTAG
TR O TAA AL G T TG A T TG AT T TGO T T AL A T TOCUCACC T AU T TAMTTUGAOCT
T AG TACC A AU T TAMA AT A TUANT T AL OGO ACAA TGO TOGAGUATEICITTTAY
TIGATHCAMCAOG A GAACCTTACCT ACTCT TGACATCCAGAG AACT TTOCAGAGATUG AT TGO TGUUT TG AN
TOTGAGACA T TCA TECCTO TG TCAGC TCGTO T TUTCAAATUT TR T TAAGTUCCHCAAC GAGCGCAACCCT
TATOCTT TG T TR A A TOOHOOGGEAACTC AAAGAG AU TOCCACTGATAAACTUO AGCAAGG TR0 TR ACT
TCANGTCATC AT U CTTACGAGTAGGOC TACAC ACGTOUTAC AN TEOCGCATACAAAG AGAAGCGACCTOGCGAGA
GEAAGOGEACCTCATAAAG TG TOOT ACTOCUGAT TOGAGTCTOC AACTCOACTOC AT ARG TOLGAATOGC TAGTA
AT TAGATCAGAN THCTACGHT AR T ACG T TOC QGG T T TACACACCGOC O TCACACC A TGO AT TUUG TG
CAAMAGAAG TAGTAGCTTAACCT TTOGGEAOROCOC T TACC ACTTTUTCA TTCATEACTGOGETGAA

Wesults: fnterobacter fufaci

Operator: Lo PN
Lab manager;  {A-wT& LEE

Tr3-1 Biotech, Inc.
Date: 201986

B 4-44 EfE a2
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410 * &3t

FEATENIHREE WS RKRTEELES ) B - R T
AR PR AD N A GHRITEE > SRR PN LT %@xiéi%f“ﬁiﬁfrﬁi N 7
R FRFFF LG FIRRIERARR > Rk B F B §AES 2 T
FRRITRIFSHR T EHR T2 2 o

FoOMER SRR BRI 2NN % 0 a8 * 8 hr/day 2 12 hr/day B¢
IS o pEME R EGRZ FRY MW2 3§ A *E?li;‘l”ﬁ BRI oK s T2 8 R
MWI P2 A% » FIASp2 2 T okiie o Aa A0 A3 e (i RPEMW2 2735 %1

e
ok
¥
\4
Py
&
—bL
w
—4
-
-
-1-”‘

=1

>

gl ik GWIL o MW2 gE#ii K2t GWI 5 1 2 ' sag«éﬁﬂw%ﬁ#@@@ﬁﬁ$
- RRPET B ERV R FIRFIEICHEB AT on AR 24 L AR RIS
MW2 2 2% § ~gRSED > FINEFI 335 K{H3F BBLEEHF A3 P40
REAFEUES  MEYREFIEETZ 2T o

AFFHEESBF ORI RIS ERR S Ea R ERS LAY 0 BET BARAE
T P4 B R 5 AR R R(B 4-46 ~ B 4-47) 0 B R B LRI ARE BTk
ZBFARF > B ERBMASTER > FIRSATEFARLII2)FABIBE R

it - e RO RS AP RPIERT F0(F 43) 2aRHIIEILF A kS
@ﬁﬁ&ﬁﬁﬁa’ﬁ%%%EE%@T%’az%ﬂaéim&ﬁﬁa@a¥a FivE B
R AR FEIRFSLS 0 B TREET T RAANR INF L ER X FTE A
BILRHR S A a e L e RS g

2431 B TRFLAPFRE YR

(2 = : mg/L)
Gw1 GwW?2 GW3 MW1 MW?2

T 2018/ | 2019/ | 2018/ | 2019/ | 2018/ | 2019/ | 2018/ | 2019/ | 2018/ | 2019/
09/07 | 09/26 | 09/07 | 09/26 | 09/07 | 09/26 | 09/07 | 09/26 | 09/07 | 09/26

Benzene 235 ND 219 ND 266 ND 197 12.1 258 15.1
Toulene 16.0 ND 16.0 ND ND ND 16.0 1.15 13.0 1.40
Ethylbenzene | 5398 1.25 | 5269 | 9.50 | 4595 | 3.10 | 4984 348 4121 639
Styrene ND ND ND ND ND ND ND 0.30 ND ND
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FoE ALK G - ATNE F LS B 3 s R AR S R
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Flod B EHPFFERUT & %

1 235234835 24 k4i18% > 22 WH4k 4% 04 * Shriday 2 12hr/day B
B o MR o d hEERLE kR RGE L R H (MW2)73 § b SRR LG BEA R R R
ZEREFMWDE L BF > f Agpz B Tk sl e Al M e ki RPN
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=
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>
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gitdep 5k GW1 > MW2 §Edia K8 GWI 5 1 0= > 33§ K s
@S- LRDP IO BFRATATIRFILISRL I Al
ki >MW2 2,723 F ~tgR a2 > T EFF » 341035 kL
LA i REBFEMRE T 24 PRI ST 42
b R Rz Rk AR RS AR B i SRR FILR
FHEASF I RZFAPEROPE SERE AR IARE > B TR 3 F ARF

B kR o Tl RS REE IR 12 P EE IR E ko BT RS SR

i?;@iﬁaﬁ%’%wﬁz«&w@ﬁaap%ﬁ%%ﬁw&%?@%’ﬁ%%%
BRe AmgT% > A7 B E RS L ¥2FHEFER AHe Fm IR
AR hETORERSET ] %wﬂm’i%ﬁ%%%§+§1%iﬁ:“ﬁﬁ‘4%%
faiF® P e K F ped s H g

3. AP HRIEZRIMA SR RBHAIIC TRIE B LB T LY o F
REEFF A BB R EB A BRI A MWL ERY > B TR wF ROl e
REHE T B> MW2 Z R > 7 £.F)MWI R i1 » £ GWI1 (4pFE 0.3 m)

5. & AELEE B LHEE S > AR T G R 2 Ak o 2
TR Rk SRR T 0 (T Y AP TR B L e

95



MAZRIBF AN F ek iRy 2 F o HER T R

A TRLARARF NS 12 N A KIERFAEFTY Fu2 RS L4
AABATR S BEST EATFEOZRA - DFAF L ARG R LT AL PBRE
YT ﬁJ&;§¢6ﬁ%&ﬁ%kﬁ’ﬁ?ﬂ@&i?ﬁﬁﬂgiﬂiﬁﬁﬁﬂ°aw?
FAEY 2 AR FEALEN 2 A HFES FEA AT ERRAEF 0 A Y 1R
2R g TR - P R T R HEE R SR > V- 2 G T TR AR B
Flr B35 F AR KT F AP o

Pa Al i k3t A B TORF AL AT RPN R B AP E L - AT
2T R VEEATT LA E o F A FE R ARIEE BT RF AL TR
* o

96

NG R

2B A RE RV OUIEH G L F 2 Hoen B

B (Dpe & R 2



R BFEET

WA~ B E Bip F 0 (2011) > B ¥ eng > HEFE 5 2011/11-467 > 54 o

Agarwal, A., Ng, W.J., Liu., Y. (2011) Principle and applications of microbubble and nanobubble
technology for water treatment, Chemosphere, 84, 1175-1180.

Li H., Hu, L, Song, D., Al-Tabbaa, A. (2014) Subsurface transport behavior of micro-nano bubbles
and potential applications for groundwater remediation, International Journal of Environmental
Research and Public Health, 11, 473.

Lindsay, W.L. (1979) Chemical Equilibrium in Soils. A Wiley-Interscience Publication, New York.

Ma, Y., Kong, X.-Z. Scheuermann, A., Galindo-Torres, S.A., Bringemeier, D., Li, L. (2015)
Microbubble transport in water-saturated porous media, Water Resources Research, 51, 4359-
4373.

Santos, I.R., Eyre, B.D., Huettel M. (2012) The driving forces of porewater and groundwater flow in
permeable coastal sediments: A review, Estuarine Coastal Shelf Science, 98, 1-15.

Saunders, D.F., Burson, K.R., Thompson C.K. (1999) Model for hydrocarbon microseepage and
related near-surface alterations, The American Association of Petroleum Geologists Bulletin., 83,
170-185.

Selker, J., Niemet, M., McDuffie, N., Gorelick, S., Parlange, J.-Y. (2007) The local geometry of gas
injection into saturated homogeneous porous media, Transp. Porous Media, 68, 107-127.
Sumikura M., et al. (2007) Ozone micro-bubble disinfection method for wastewater reuse system.

Water Science and Technology, 56, 53-61.

Temesgen, T., Bui, T.T., Mooyoung Han, M., Kim, T., Park, H. (2017) Micro and nanobubble
technologies as a new horizon for water-treatment techniques: A review, Advances in Colloid
and Interface Science, 246, 40-51.

97



