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Microbubble (MBs) and nanobubble (NBs) technologies have drawn great attention due
to their wide 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
enhance bioremediation.

Laboratory experiments were conducted to investigate flow of discrete microbubbles
through a water-saturated porous medium by column and sand box experiments in this 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 s from August 2018.  Test cells was designed and employed
in one of the 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 designed to be 8 hours per day in the first month. It will be increased
to 12 hours per day in the second months. Finally it will be continuous injection.
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 including degradation enzyme will be observed
on a fixed period of time. It is anticipated that functions of enhanced bioremediation can
be achieved through injection and circulation of NBs by field practices. The application of
NBs in assisting enhanced bioremediation will be explored. Feasibility, performance and
cost analysis will be assessed in this study. This study will serve as a leading project for

future investigations to employ nanobubbles in the field of soil and groundwater remediation.
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AFERTFERT AR RS RY EFELFBRERY > R TR AR
(Static/Dynamic Headspace System ) #_Teledyne Tekmar = @ % - £ B 3-6 » K - &R 148 &
FHREAFEFEF RERP DAL c E RIEL LB TRERD BT g > #9¢

NEFZIEFE TS RS S F AR AR BERP I ESA R TR Y
- TR RBN AR EE O F A TR (Frck EF 0 2002)
THETR 7 R 203 T SodikcdoT loven JF R Kk @ 120°C ; platen T #FE & %k @ 85°C &
REPER 5 & 4d ; transfer line J§ RAK 2 120°C > R * B R § § iR T
F4o4 50mL &R T AERY 5 GC ocycle PR 2 30 A 45 pressurize T frpE
0.50 % 454c + loop fill pressurize ~ pressurize 2 stabilize & 2. PFRF » T §78 7 28 mJd2- B &
PRERFXE 1P

Bl 3-6 &% 2% i * 2 Headspace T #7785 £ ¥
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(B) BEARF MiAfrEYR
~F B g kR &t f2 4 & (High Density Aero Dissolution Equipment) £_p ~ B A5

TR EgAD 5 A15U0D-1100 AR 37 ZFEAER Y o THEEEd pAZERD o
LS E VPSR A3 O A K I ,ﬂfag,ag@fgpﬁ_ﬁﬁg_agiggg,\,ga ,

Ko BERFHAMERS | BFAEKET L2216 5 p 7 RJL
A 182 T/% k2 ke fen ¥ BB T i 56.3mg/L -

T A kSRS B F
kB BOHE FF e B

Bl3-7 BEAFWMARERE

@) =855 F 3

*F B ¥ a3 5 3+ (Dissolved Oxygen Meter) #_% & YSI 41 & > 4|55 Model 55 > 2 ] 3-

BF 0 Bl A

—‘v
-&:&

FJ4 —*“T

8 AERBFRTERARBZFT AFETE 20mg/l 0 T A& E R E

g
KEET R 2GR - K2 BFE R 2L AmRTBETETBRRLTZL{H

P H R EP LR EREZ RBEHRERF BT R -
EJ

ARITKY 2 FERBE 0 AFHREY ALK WTW I 5 31505 OXi 3205 4+ % 5473
£ 50 mg/L > F)pt -4 %

Rma i asa R ER AR

=1
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MAZBRF A A FE kR R A P I nHNR%RT

CE RN AERT RS TR LR

%3 £
BRI ERESFHREEZ REHELE BRI R o

W
<
e
ey
7“_
o

B RN WRIZ K

‘_.
(7
Yy
—

¥
=

IIN 42 . 2 N
Moo FEIR ISR ¥R F i

B 3-8 “H;BF PR B39 BRASHNBE

G) FEFFedmi
AF S i * oE % R (Piston Pump) £ 373 ¥ 41 (Glass Column) 4~ %] % % B FMI &2 Thomas

Scientific !} & > 2B 3-10 &R 3-11 - F & FF A5 5 QG-6 mg v~ LA K AP kit
R SR 158mL/mine i E 48 A ER LSS R A FR2TLEHS S F
s Rl2 /%l::;iﬁﬁ% ’Hﬁfﬁ

W 3-10 =& 5 W 3-11 3y F
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33RH
331 AT A7
(@ z k&

- 0 g X fx_g_:{- ToieirH R £~ 109 2 JmE L H Y, 22 r 105°C
Z WY I 24 )RS s BRI BB EBIICERY  RIEB S RS ER
7?-7}1-? FERgEw S EEALARE kT o
(b) 7 ¥z £

P~ 109 2 HERSE L T edrz H P 0 2o r 105°C disfa P ip 24 ) PRl o B

o

» B~ 550°C 2 3R Y BB 24 ) @ FH LG BRI RETHE  FER
E4 FAEY 5 R

\“‘b

332 B A4

MR L2 ATFE R LD FREF T F e F o RAVIF G B R
GC/MS 4 17 » GCIMS % B3k %> & » Ajfigft > 4 kvt 5 20:1  fjkig 1 mUmin > i1 5
v 200°C » 4y §° B 50-650 amu » i 3 F TR 1565 eV o Axdneif A 5 35°C BdF 4 A4
¥ 44+ 4 5°C 7)iE 100°C » 42 F & A4+ 2 30°C FliE 220°C 0 *tiniE R M4 5 A4
PR RS TR R 2T A

3.3.3 A fi i

B2 PR E R T R e ToRY s SR SHRPB AR NN FERT o3
ABFIERAEE TR AL DNA X5~ #4401 R A2 DNA X2~ 8 425 19 4 %>
r2 DNA %2~ % = (Power Soil DNA Isolation Kit) i 45 & &# 2 $£8 = j & 5B~ DNA - @ 4%
BTORER AR AE-500 mL TR A @ E 0.2 m FU g it 0 £ 12 e e DNA
PR e E PR A ficd e DNA - 2o 1541 * UV spectrophotometer % ip] . DNA B~z ¢ A
Flie DNAER B8R » MR A ¢ A Fe DNA (3 Bk o

#3572 DNA it {7 & & préasy £ i (Polymerase chain reaction, PCR) % 334 V3-V4 region
E 7 o AT 2 51 F ¥ 5 7 barcode 2. 341F (CCTAYGGGRBGCASCAG) 2 806R
(GGACTACNNGGGTATCTAAT) » PCR & J:## & Phusion® High-Fidelity PCR Master Mix
(New England Biolabs) - PCR & jg i it 5 95°C # 4 7 4~ 48 > £ &7 30 cycles » 425 [i.e.,
98°C #* 4§ 10 #; (Denaturation) ~ 50°C #* 4§ 30 #; (Annealing) ~ 72°C 4% 3 60 £/ (Extension) > £ %
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30cycles] » B is £ 2 72°C 4+ 5~ 4515 "% )F 2 4°C % = = PCRprogram - ¥ PCR % = {$i& {7
203 o B RE T ARG 0 F BerToRH 2 16S IDNA ¥ B4 [ X 5 466 bp > F)pt 4ok F oA ts 466
bp ehi= ¥ 5 band 73% > Bl % & Z P4k 5 DNA 5 = # o

#- PCR A 4~ i {7 sk & # Z_& (next generation sequencing) > & * Z_A& T 5 % illumina
Hiseq2500 (PE250) & 4% » 2 250bp % £ =43k B~ 16S rDNA 1 V3-V4 region (341F-806R) %
7] o 2 B w2k u NEB Next® Ultra™ DNA Library Prep Kit for Illumina (NEB, USA) & =
sequencing libraries » T 12 Qubit@ 2.0 Fluorometer (Thermo Scientific) and Agilent Bioanalyzer
2100 system & 3=z library & & - #-250 bp paired-end reads v+ FLASH (V1.2.7) & & = Raw Tags °
£ f1* QIIME(V1.7.0) quality controlled process :#-Raw Tags #& 3% == Clean Tags » ' UCHIME
algorithm 14 jp| &7 ",ﬁ? Clean Tags _*+ &7 chimeric sequences - @ ¥ j& {¥ Effective Tags -

F1* Uparse software (Uparse v7.0.1001)#-#7% Effective Tags #%>97% similarity 7 #_+ #
= % = OTUs (Operational Taxonomic Units) » B~& & OTU ¥ & % 7|12 GreenGene Database

(based on RDP classifier, V 2.2) x£fz3% OUT 2z taxonomic information - 41 * In-house Perl scripts

* & +7 alpha (within samples) £ beta (among samples) diversity -

3.3.4 ¥ i M fREE A 4 2

A2 PaE B R EIEY FICFLP AR EREATIAANR SN s uE2F
CF RV R EfRRT o A BRG] W RIZ 8 f2p5 3 Alkane hydroxylase ~ Catachol 2,3
dioxygenase - Naphthalene dioxygenase -~ Toluene dioxygenase -~ Xylene monooxygenase -~
Biphenyl dioxygenase + Toluene monooxygenase ¥2 Phenol monooxygenase » i& 4t fis & £ % jo 5l &
VL F g R AR AR > B A TR BEEOA B BT R RE Ak CiEARY L0 8
SRR RS R Y L E R A P e L G P
Hiﬁ%%34ﬁﬁ’3&@%9%ﬁﬂiﬁﬁ%*?%ﬁ%%ﬁi%ﬁﬁgﬂbﬁ’ﬁm
23 H- 1o
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% 3-1RT-PCR 9 3 © 4p B *% f2 & F]2_ primer & 7|

Enzyme Gene |Primer eReferenc
Alkane ol [Forward 5-GTTCTGGATTCCGCTCCAGAGTACG Kok et
hydroxylase Reverse 5’-GCGCTAGTCCGTTCACGATACCCAG al., 1989
Catachol 23| |-~ [Forward 5" TGGCCGCGCGATCTGAAAGGTATGG Nakai et
dioxygenase Reverse 5°-GATATCGAT(A/C)GA(T/G)GTGTCGGTCATG al., 1983
N Forward 5'-CAAAA(A/G)CACCTGATT(C/T)ATGG Baldwin
aphthalene NAH ot al
dioxygenase Reverse 5°-A(C/T)(A/G)CG(A/G)G(C/G)GACTTCTTTCAA 2003 B
T Forward 5'-ACCGATGA(A/G)GA(C/T)CTGTACC Baldwin
oluene TOD et al
dioxygenase Reverse 5°-CTTCGGTC(A/C)AGTAGCTGGTG 003
Forward 5'-TGAGGCTGAAACTTTACGTAGA Baldwin
Xylene TOL et al
monooxygenase Reverse 5°>-CTCACCTGGAGTTGCGTAC 2003 v
appyy |Forward 5-GGACGTGATGCTCGA(CIT)ICGC
Reverse 5°-TGTT(C/G)GG(C/T)ACGTT(A/C)AGGCCCAT Baldwin
Biphenyl Bppyp |Forward 5-GACGCCCGCCCCTATATGGA e
dioxygenase Reverse 5’-AGCCGACGTTGCCAGGAAAAT 2003
Bppy3 |Forward 5-CCGGGAGAACGGCAGGATC
Reverse 5’-TGCTCCGCTGCGAACTTCC
~mo_|[Forward 5"-TCTC(A/C/G)AGCAT (CIT)CAGAC(AIC/G)GACG
Toluene II:{everst(:j 5" TT(GIT)TCGATGAT(C/GIT)AC(A/G)TCCCA Baldwinl
orwar 5°-let al.,
MONOOXYYENASE | PDEG [T(CIT)TC(AIC/G)AGCAT(A/CIT)CA(AIG)AC(A/CIG)GA(CIT)GA 2003
Reverse 5°-TT(A/G/T)TCG(A/G)T(A/G)AT (CIGIT)AC(A/G)TCCCA
Shenol Forward 5’-GTGCTGAC(C/G)AA(C/T)CTG(C/T)TGTTC Baldwin
monooxygenase | " 'E |Reverse ’-CGCCAGAACCA(CIT)TT(A/G)TC ;t()OS al.,

FAFI* FBch DNA 5 098 38 (7 4p B #4 a0 1% f2 0% 28 7140 PCR 43 & i B 2% 7 " 3
fr A Flents B0 FF P2 g 2 32 RNA 52 2 = (Power Soil RNA lIsolation Kit) iz 35 & &% &
2 ARM 2 R EE-RNA FEEL T @4 RNAYRE Y @20 % > F5 L EFF BERELR
484 & & (Reverse transcription-PCR, RT-PCR) » # = ;= & 4] * RevertAid First Strand cDNA
Synthesis Kit (Thermo, EU) iz 35 & &% &2 %% = ;2 > P~ 4 ul 5X Reaction Buffer ~ 1 uL
RiboLock RNase inhibitor ~ 2 uL 10X dNTP Mix ~ 1 uL RevertAid M-MuLV Reverse Transcriptase
1 pL random primer 4= 11 uL RNA fie % =8 & /28 7 PCR> PCR % 25 £ 25°C # 5§ 5 » 48
218 > 11 42°C 4e# 60 & 45 0 e ' T70°C 4c# 5 & 45 0 2 RNA & f# 45 cDNA » #4718 en
CDNA % »+-20°C %75 12 F 4 47 o B fé & Wi {7 DNA 2 cDNA ¢real-time PCR ' f#fis 2k %]
copy numbers =R T_ o

*F % real-time PCR #1i¢ * c4%7] 5 LightCycler® 1.5 Instrument (Roche, USA) » # * eh
kit %= LightCycler® FastStart DNA MasterPLUS SYBR Green I (Roche, Germany) » # 7 vial la

(LightCycler® FastStart Enzyme) ~ vial 1b (LightCycler® FastStart DNA MasterPLUS Reaction
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MAZBRF A A FE kR R A P I nHNR%RT

Mix) ~ vial 2 (H20, PCR-grade) » i¢ * pF-L B~ 14 ul ovial 1a 4c » kit £ 2 p covial 1b ¢ 7 8
& = &4 vial 1(LightCycler® FastStart DNA MasterPLUS SYBR Green I Master Mix) » vial 1 **
P %BALY FRFEE  REP5ul FIDNA $ Ak o 4o r Qul svial 2~ 4l shvial 122 2 ul
7 PCR primer mix (B4 k& 40231 1 uM)» R{ri53 2 B » B * L mF P o B3 F I
2 %% L g 2~ LightCycler® 1.5 Instrument » 4o 3-2 #771 o

2% Z_real-time PCR » J& ik 2 (dr#) % 95°C # 4 10 4 459 Preincubation F# £< 5 2_ {88 {7
95°C # 4 10 /4% ~ i P& PCR primer shannealing 8 & 4% 3 10 #5485 ~ 72°C# §2. & 5 PCR
14 F+ DNA bp #/25 F)48 (B Zicsk) » S rp bk 45 B %k 5 £ 217 95°C FHO0F4
65°C 45 4 60 §/48 ~ 95°C ## F 0 fy48 (W& 45 0.1°C e 5 p 65°C 2 jf » i Ffak) » Lk
Bxt 1 Boask; & 1 40°C FF 30 fégeati g o B-E kAP S PR F]30 real-time
PCR iE#27 & 11 % sk i& 2 GADPH housekeeping gene % sk @2 (74T 16 » AP ¥ D 18 g
#le(RiF322)Y 777 P EATFIA I ¥ L E > 12 LightCycler® software 4.1 (Roche, Germany) it

LFRCRER h i A SR - o S A

% 3-2 RT-PCR ¥ Ji i i*

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
72°C :%‘S’"[bp] sec single
95°C 0 sec none
Melting curve 65°C 15 sec 1 cycle nontgn
95°C (Tamp Rate=0.1"C/sec) | 0 sec gon inuou
Cooling 40°C 30 sec 1 none

335 12 B ToRIERE 2
Rt B TR BT hATA 2 2 TERE B TR % (NIEA W103.54B) | -
gk R AR B4 (Bailers) B R K 0 AR RS ORFET 0 RERE T RER ) R E

B R A TRk
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3.4 R % & W/ &E
(1) VOCs # & s 4 #

VOCs R &% 1mL » » # it &4 2 kR W 5 2000mg/L - #2000 mg/L 2. 2%
T ARG B RR R BIR 0 B 3T-20°C Hvkda o BRI R AR4a Y B dES ok
#-2_ #1§ = 0.030 mg/L ~ 0.040 mg/L ~ 0.050 mg/L ~ 0.080 mg/L ~ 0.100 mg/L ~ 0.200 mg/L -
0.400 mg/L % 0.500 mg/L ~ #&ik & » 2 GCIMS it {7 %4+ 2 & A 4 o
(2) == P&

FANFHRIRESAU RS RARER > 2 Bl - BIRES > SETFELSTHI

Bep a7 B S EE Y o v 1 PR i £ (standard deviation, SD) - 3.14 B HRME £ T L pL AT f 2 4
#H 32 R AL MDLZ 3 B S BRMERZ REREFY S A4 P EHRE
B(S?) s a2 SPE v o Mk Eie s SAZ A A S 0 o] B 5 Sp? 0 3 Sa%/Se?<3.05
Pl =t 2 (1) 8 = %/ L (Pooled standard deviation » Spooled )  # {& 12 2 3% (2) %
Spooled z_ i& & » » ¥ F 4t MDL

= o 172
g _[6s2+682
pacied 12

MDL=2681xS, ... )

(3) # % & (Precision)

WHR - P LG TE IR L FL A - 87 3 § EF AR kR
TR P RENESENTEEARERL > L RERRLE LT EE > TELE
FL5 AR SR i £ (RSD) » 114t & 7 A 47 J e % A > B 2 Jf 14 25% o

1P 4524 i £ (RSD, %)=(1% % i 4/ 322 )x100%
AL AR W REME RS S BT IR B NP E A B RA
(4) 2z R (Accuracy)

o PR AT T BB E B

LBALR o LA AT 0 R 30% 0 3 E A
4T
B 7 A (Accuracy)= | 47 s5ik B — e B Sk & | /2 B 254k & X100% -
ﬂ\ iﬁ‘* dﬁmﬁ;la,&&?g*ﬁ'«—:’(’jﬂ%hﬁ»ld ‘L%IZ:%"’\A)-LE]7 o
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(5) ™ 4z Z (Recovery)
&% VOCs &~ w1 ® prpe® k& 5 100 pg/mL 2273 7% » =B~ 109 2 fic i 2 4 » 1mL
BRI IS > B FRFER EEE U GCIMS A4 R B R 2 PIRF AR

FEHw e E o

35 BRZFFH R A2 1 FH P

APEFTRREEGFH R A2 FFD (HERDIrd 33 %07  BIHP WLEEL L
Pane L2 fe RERPITEZRFE - BRRFHBMBEERL 232D > doveiyg
Mk 2 pifadshk W B AXF R F KA HAFTL T R% PR EFTHERE >

TR 0 BT (T AMERISH LT
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233 R ZEH A 217D (HFH)

! 2lal6|8|10]|12]14]16|18|20]|22]| 24|
a1 iFF B
(- )3 K F e kBl =
SR RIS
(ﬂ%ﬁﬁ%
- IR =)
(m)f¢%%p
13 8 F @i ¥ f%
(I )ik
Lok spmm= ey
lakurermagee
I35 - restirem
Adh R E KB BB ARREF X
5.3¢ ;1 & ii—?'éiﬁ P T B £ 1L
6.5 = P B ks
> 3R © ©
1R R R A 5/ 10] 25| 30| 40| 50| 55| 60( 70| 80| 90[100
(3 40) %| %| %| %| %| %| %| %| %| %| %| %
p | FEAFHREEEEEE 2D -
L) 22 BORR AR REE A A S
S~ (@) MEFFiekeFEia N R
w |® TR FEEHERE WL R
L @ ke B Rl kR R

v

IN2 R EFHT2FRp Fora s PRUER MR A T HAzZp I -
2~ FWIE‘xﬂ‘.}iﬂ/ﬂ\LLJﬁBI‘*éﬁo L BAE A A l‘t‘f’}’%ﬁ’r U FE -
(1) 1R E > (2) Ep A (3) 1 iFE A E s (4) HmEF PR B

BF o
3y TR APE o A UR R KEEL T A TR AP WS M TR
TE o

33



o ~ LR 20184122 20p T = 02:15
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Frd - HE2adn

KR e R H R L R R

/|

S

AP PR E BB
FREERATE 2R FIEEEARY RS
5 35 m@%%ﬁ’kﬁﬁwﬁ%&ﬁ ARPERRDE > TREFTE TR E L %
HEHRM PRI P A AR R URERA I AT e
BPAPPFRLBEL P R RN FeoRERIHEMIEZRRE S BERF WIBS

BRZEFD A BRI URBF 2R T ANEF R R eid F 235

T2 NI EFRRERRE L 717 e T

o5
¥y
et

i

N

w
B

FoRREARERNORR IR LT R AN RRRARPEARPIET > 14

KRBT KA AT LR LA RSB R AR GEARI S - £

41 % ¥ § k2 RRIBEARED

d 30— IR TR 2 YSIBF A MR F kARG ES 20mg/ll > Flt R

-\*“r

2.
I

T é,;:fp//\gf ko ﬁé fﬁi?’]f'Jﬁ%f%? 3 %}; /‘T;é’:];_if‘éi ‘E_?E'JE_ ’ mru,u}fg; * 5 -

~

AWTW 3§ 3k RACR 3 F 24 F @k 235 -0 RIDI BB RARZ 50mg/L > ¥ i
BN FAF R o FP AR F AT 0FY - At YSI R F PN oa kY Bl A g

R EREF AN FIA RS 2B F R R e kY &
&ﬁiﬁgm—ﬁﬁg,u(;um,w,g BAeB 4-1 fror 0 RIS S AT E eniE A
A2 %o mAEER S ELLEY 10444 013 mg/l > @ 2 (SR E4p £ 323 0.13 mg/L - j&_

RS

YSI & WTW 33 ot {oid 3 K733 BRE2Z Vi & S35 3HRlEARL T~ 2
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Cconcentration (mg/L)
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Dissolved Oxygen Change
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42 &40 § k2 ¥ Bk

FHREFR DS - BERLEFRF R WE LI HEA 2
kE TR RT3 RV E o w48 em £ & 15om 2 g T?iﬁ.
R BRAR B A TR (R 42) A RIEL G BE Wpr L R LR
- =B+ F1F (piston pump)r4 0.576 mL/min jiii# 22 0.0IN & it 47 (CaCly) 73 i i® e b i3
AR PR S ok o FE RS 2 & fok (saturated zone) o #FE 24 | P
BRE  ZAFEZERET L Y IR KT 2 S 976 ML A £E p
15 87.6mL e b foip § k2 F R AHT MAcdk 42 40 o

FERE TR pump e foid FoRFF A g4 T 20 mL ~ 40 mL ~ 60 mL
z-mmLﬁmﬁ’iﬁm1€@ﬂa§’%$%%mmp%%#$§$&%§ﬁ—ﬁ%@’
B - BpER o UIE

g3y B AR R

IR 2 e F R AT, 0 B B DR EHRZATE TR
AERERTRIRFTEETHE R L .

LA

241 & i k2L ART R

Frit PR E | Falgeke
FRIEE ¥ F UM A A (ML)
(9) (9)
A g H(kT) 570.3 988.7 1086.3 97.6
B ¥ 1‘1(%:@1) 600.1 1015.6 1103.2 87.6
Pump z /i
1.58
(mL/min)
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AR E A A

421

/%?F%Fﬁ 96 hr 2 120 hr » —,ﬁ/{%ﬁf
e 72hremip

P ey

g
7]\

%-g}}

el

5k

—,‘pﬁ‘g'_ ]F"

Fifdcrsg s a

kT R
Sd pump o~ e feid ok 3 oRTE 4o pESELR 24hr ~ 48hr ~ 72hr ~ 96 hr 2 120
i34 42 2 THEY

0.05-0.45 z

BRF RRARM » fiE 120 |
KA P REERREIR s KFTERF24hr 2 72hr B35 2474
e 4F 4 4 %5 1.98 mg/L ¥r 1.90 mg/L >
%96 hrisi3 § B 4odF ) 47 -

ka1 I 3 B B TR T

v o § kg e
B MR REEFREN I TR PRE
™ 1.85 mg/L >

g RERAR A AT
SAE S g
[P S = R S
£ 1.00 mg/L > @ %5
FORRT E 2
B24hrz A8hr#pmH 3%

n»

S ERS098mg/l ® 48hr 2 Bhr AT FRFHAF BRI L2 4 > 27 120hr 233
£~ B4 40063 Mg/l > TR T e foin § ok Aok T F 4 G PR 48hr 1 96hr 23 §
T - ER 0 X FH Y

042 KT H P e F ok R
kE
’;f; ¥ e e ¥ é?;:i ¥ x kg fj—‘*& fjl& *?fl& ?jlfé T35
(hn) (°C) | ®r i Oﬁdb (m&u 20mL | 40mL | 60mL | 80mL |(mg/L)
(mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L)

24 | 21.9 8.71 8.61 7.87 769 | 7.05 | 7.00 | 7.62 | 7.34
48 | 21.6 8.82 8.06 7.37 6.25 | 6.22 | 6.41 | 656 | 6.36
72 | 232 8.51 8.61 7.28 6.53 | 6.20 | 6.03 | 6.81 |6.39
9% | 25.0 8.27 8.31 8.10 6.07 | 592 | 6.30 | 620 |6.12
120 | 216 8.86 8.36 7.39 594 | 530 | 530 | 5.40 |5.49
422 &frn § k2 L3 FHAF BN

2 1.05mglL » @ 5%

38

AF e
ERE - BTREIE N §
! B 2
BeAR i o

pump J* »

37_1j:

wfeidF kKT 2E pHBREZ24hr~48hr~72hr~96hr 2 120 hr 2

BT @ B F ER LY EEARA > Rl 1E

KH e PR *F? ER s P

SELREEFRLRT QR

kKiF g R

FA N 002-042 2 F s Nt R HREFEN T RFR

©24hr2 72hr 273 5 2454 ¥ 0.6 mg/L

2 EARM > A

B ETAL s Hin s

TR 96hrer 120hr> 2735 €454 » %% 0.4 mg/L &2 1.05 mg/L > 4p
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B
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= H\
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(o) o
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BN
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=
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B
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243 frip § ok EE P RE LB R

T8 Fh

S g /;\;‘i‘v\i Lo denx -k = PUMP ?’*—L ’P’ﬁ‘ ’P’ﬁ‘ ?ﬁ‘
i; BRE | iR E ‘j;i2} ﬁ%m§ p AR A AR R e R | e
tn | O | rEE ié&i) (3;U 20mL | 40mL | 60mL | 80mL | (mg/L)

(mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L)
24 | 21.9 8.71 8.61 8.28 805 | 7.38 | 741 | 7.93 | 7.69
48 | 21.6 8.82 8.34 7.34 7.01 | 697 | 666 | 680 | 6.86
72 | 221 8.72 8.47 7.85 7.26 | 6.67 | 6.77 | 667 | 6.84
9% | 22.0 8.74 8.32 7.35 7.10 | 6.75 | 6.85 | 6.88 | 6.90
120 | 21.6 8.86 8.51 7.35 6.22 | 6.38 | 6.17 | 6.41 | 6.30
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43 BB F R FH#FR
431 3% % kR

Hd 100 == -k §4(80 cmx60 cmx21 cm)f kA F B fF AR mERNEBRRZE K
BERFMAMREE I UERRF k2 iSdod 44 A %pREAEFER w2 51015~
20302 60 A 4B RBEERAFEAR  VHERLS A4S kY B35 EAREKS T 293 Mg/l -
BN -BFE2ZEIRE 3B L 51045 15 a2 kY 3 R NS T 353
mg/L % 35.9mg/L > 3|30 A~ 484% B $]40.9mg/L > (e 60 A 41 pl-k ¥ 4 % kA 2.39.4mg/L >
€30 A48T 60 A4l KB FETATRA A A K F e 2 kP 3 B mArizg ot 30 A 4R
BERERF O P AEHRF A L2 W EFFERE 30 M40 55 kR <409 mg/ll 2 iEiT
FH R HBERE BB ORI EE R REEEZ R RFERK

44 355 LABRPFRHEZS RR

Time (min) 0 5 10 15 20 30 60
(mg/L) 9.37 29.3 35.3 35.9 36.2 40.9 394

e & oL
e

432 BpF k2 kT Eing
SIS pump i~ B3 F k3 kT F B 24hr ~ 48hr~ 72hr ~ 96 hr £ 120 hr 2 73
FRM BB KRERFE 422 mg/l > g pump BT e @S4SR RNE R 27
Mg/l > B2 RF A Kbeie LRHLIRLIFL o
d £ 452 FEVFaro Ao REF TR 24hr (2 or R F e § @5 108mg/L > A
S A 2T ML S A0mgL g R F R AR e R

96 hr fs#rid PIF] A % ©9.24mg/lL> 27 L B3 % KA ]\—T-'F,‘Mh @%nggg\;/p\;:}ﬁ'i y {7
A3 feR s L FE120 B3 F kvacaiF Rig 3 2 80%11 1+ o
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345 FAF kakTEa g g

KT AL
E T o § et | oy B P U Ul R
(hn) (C) | rriE ‘(n;]g/j_) (ma/L) 20mL | 40mL | 60mL | 80mL | (mg/L)
(mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L)
24 | 235| 830 42.2 275 | 103 | 109 | 10.8 | 11.2 | 108
48 | 244 | 829 41.9 273 | 955 | 996 | 105 | 104 | 101
72 | 231| 851 47.4 271 | 103 | 106 | 104 | 103 | 10.4
9% | 228 | 850 45.6 227 | 863 | 930 | 957 | 947 | 9.24
120 | 22.1| 8.70 40.2 203 | 7.84 | 830 | 849 | 839 | 826
433 87%% k2 $2 gz #0

AR ERSD pump i~ BAF ORI EE g HEE24hr~48hr~72hr~ 96 hr 2 120 hr 273

ETREPEY S
#F%ﬁ ) /%)i"]ng % 27mg/|_, D
4-6 2

d %

i CEJ"_ 8.54 mg/l_ s 17 {r'g %«éé'fr/%i ’}\' .

FEm BT E RN 33 F okt gy
LA REFFTER 24 hr 12970 B3]
B o K 27T mg/ll "B 2 9 mg/L o fe gt fs

N

SREE 0 B F OKEERF &

42.2 mg/L > e & pump @ﬂi%]ﬁ Fe i

B R AR IO

¥ ko AT LRSI o

GuA ¥ B 5 9.38 mg/L o B

% %J € i3

Z ]

™R
%

,,\

n>

%

)
| 7]

F 9 PR 120 hr {8 91 id g E%

%46 BHF kL g2y B
e

SUTI P s T an | 55 | 55
ﬁ;‘i A e@sz 5 f,f ! 4; p;';‘p ?jlfz fj—‘;% fj—‘;% fjlz 35
iy | O] 2 E F3F | gy | 20mL | 40mL | 60mL | BOmL |(mg/L)

(mg/L) (mg/L) (mg/L) | (mg/L) | (mg/L) | (mg/L)
24 | 235| 830 42.2 27.9 | 944 | 924 | 933 | 951 | 9.38
48 | 244 | 829 41.9 265 | 948 | 9.02 | 9.72 | 9.84 | 952
72 | 231| 851 47.4 282 | 964 | 999 | 939 | 899 | 9.50
9 | 228 | 850 45.6 223 | 829 | 850 | 865 | 879 | 856
120 | 221 | 870 40.2 205 | 883 | 847 | 835 | 852 | 854
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S+ mpER 2018122 20p T = 02:15

AR E A ke B 2 P RS HRR T &

4 3%F ’ku«)%a@ﬁ]gﬁss

FifE s B~ B AN L 60 24 51 24 65 24

|u_

FifaphdE o~ 6 L &g IFL WRIAF

B AGE R LR A3 HA  HEREN RS
f’/fﬂ éﬂwﬁw%)‘ B

2.3 > pidaE 15 2 & it r - &

Ki=sE 320 24 iz bk ¥ 5 2P E Y

&

S % >

5k 6 3 73k

B 4-3 wifaz & § S 8 7 LW

Fifhz LB 255 2L 4884 49 - BB g kznd BIRAR MR 5 402

mg/L > € 1 BLR 4008 ~ 33§ 0k

iR R T 8 5LE Jk e o U~k 3
GRS

e
BaEEE N RITIRBF RTURR 6 FIREYEA BE S 0 FpF kd 15Uk 208

l_“'I}\\"']ﬁ-60 A,\% &E%ﬁ’_, ‘P%" 7_/§i’:"g’ Z,‘pz,{//’;ﬂ

1A% JRR RS 228mg/L - 8 5L

P

N

dokv SRR AE k2B E BRI 17.4mgll > R~ kR 2 40% -
LEE LAY - RHERFEME S A

61 PFis > 3§ W Rz 40% > Fw % T H LA

x_t.
AHBFROCIRABE S KA RAEBEFELEGEPM LB kRN

IR T S
FAR 25 3555065 E AT - A gIEETRE Rk R 458 T EL
RIFHEHR B - RAe3F £ 80 2% 2 2 ﬁﬂéﬁ#$§$ﬁ%§°ﬁﬁ44?%4ﬁi
JER KR 2887 SHLIRELIERL L HLL » ¢ BT 0 B TR @EERRCE ) TR F ERE @

4%&7%1@;@ﬁm»’fﬂﬁﬁﬁﬁ%&%g’%Fﬁﬁiw$£ﬁﬁiﬁlkoﬁé
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\“‘b

HEEE R F R EER > (P FRGEERRE > A =335
xéﬁiﬁﬁﬁéptsrgr,g kP F R T PR

gARSE i R

247 mifa ko ERE RV E

R % ¥ )k R (H mg/L)

% ¥ 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 11.3 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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PR B E AR ek RE 2 RS HRR E

A8 B AT BB

& S 3 ¥ LR rumgll)
* 1 5 6 7 8
0 40.2 29.5 24.9 18.9 17.4
1 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 11.3 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
11 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 1.70 6.63
14 8.22 10.4 5.09 2.22 5.88
15 8.74 10.3 4.83 1.27 7.52
16 7.83 10.9 5.77 2.91 6.35
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R 48 v R

Concentration(mg/L)

45

40

35

30

25

20

15

10

‘fn%{%‘?—»/pi /k)iuii% ﬁik/ﬁr—r K§ ’ p 4%{;

5
FRELERIN - AP g
H

FlEE -

FHRBRIVIFLARFT LI LT FHk T

B E KRR R

75L& F 7 '3%]&9

FHRBEIIR B

B 4-4 7j4a & R

|BE2 A RR R

L
'<D><>
¢ :§%Z gig' ¢ 8 & &
e 0
EERE DA REREE
. . . . TR X g
0 2 4 6 8 10 12 14
Time(days)

o1

o3

o5
06
X7

38

? ‘f'i._;f* EaEoR § Rk R > KRR FGTN 2 58 5 B2
kg FiE
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MAZBRF A A FE kR R A P s R%RT S

FoRABREBPARAT AT 2R R L HREEF BT K
W E G302 2d - Fkenhit AR B 2B RE  F5%ev%hi C2 D 5iRPF Rk
fi o drd 49 AT o GEER ALK Y 203 F kRIS E 3T 35.0 mo/l v - AR BRI )
B RPERAR o R AR ERLRRA R A ERRT LR AR R LR
Lo RA- B BERETERFIZ AT ERVEREBEES > S 25255 B9 20-
300 HZ AR TERA XL RAEERARME 0 BB F KRR A
FOER FEIT FATOREER -
BB R PRE R T2 BRI o ok Beni s B8 a2 i

Bocs P AR B R A URR EWRAE 0BT AMTLE -

G F ok EE A% > FHRIG A X THERA BIEELR

o

S5 H =:mg/L S5 ¥ +:mg/L
* ¥ A B C D [*#& A B C D

0 35.6 35.3 39.5 37.9 11 8.15 8.17 8.15 7.85
1 28.1 26.0 28.5 27.6 12 8.04 8.39 8.25 8.19
2 20.4 20.8 21.3 20.6 13 8.05 8.03 8.04 8.11
3 20.0 20.4 20.4 20.6 14 7.92 7.98 8.03 7.97
4 12.3 12.4 13.1 12.6 15 8.16 7.97 8.08 8.15
5 10.7 10.8 11.2 11.3 16 8.26 8.17 8.38 8.26
6 9.75 9.83 10.3 10.2 17 7.99 8.04 8.35 8.41
7 8.96 9.16 9.50 9.45 18 7.87 7.85 7.96 8.04
8 8.32 8.43 8.72 8.57 19 8.02 8.22 8.39 8.61
9 8.22 8.24 8.32 8.30 20 8.07 7.84 7.73 7.74
10 8.07 8.11 8.18 8.11
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46 Bk K F2E

W2 Ha N 45 ¢ A d RH Y o AEH%T 2018 £ 8 1 ANl (TIRME LKA
BEOMIRRYLFRAFHIFAELAXIFI L (W 46) n2dE 2 0 Fpl
2 3viiskd (B47-H48)-

A3rE20 2018 & 10 P ES%HH Y EFA Rk MEPIET R R E THREY L F
CafRER Y > R ENEREFLAFRY 2 FAF R DRFHLFLERTE

RE»RRen

RxEXmEMH

LRRAGERT HE

T HEARE

WBS 600X
T=" e E 0 3% 3
eENa® EwE

B 4-5 Ry
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MAZBRF A A FE kR R A P s R%RT S

RETY vy S

A3FE 2018 97 TPISAHHEFS - IHFBEAEAAMAIEE 2 TRARTH
PR R L AR R A M Tk B AR R A2
BAR A AT 0 4R B2 B o] 490 1 MR E 3 BB %A W5 S1-S2 2 S3 (M 4-10)
HiER S 47 64X UEB0 A s- Mo 23 123 ik s ToKRES 5B %
5 % GWIL -~ GW2 -~ GW3 ~ MW1 2 MW2 (] 4-11)

2RSSR AR TR AAFTN > RFREEEZ I ME B Tk AL B EF
Bit i ALE AR FRL AT RSB R X ERIBE R TR RIEE - BT 2 AE
2 AR AT RABTRE C PO NI ALEY o BRI ADY AEFL Y

B s BT ISFaRL Y BEE TR

D ® art
U GWw2 A B2t

B 4-9 FFEL 2 HE
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L mpER 2018120 200 T = 02:15

e

B 4-11 = 7 k&

51



MAZBRF A A FE kR R A P s R%RT S

471 2 2 LRFHA

WRE AT AR EFEEL S S1S2 2 S3 HEERFER S 465K > F 2 E B0 oAk
Boo BA o B BAREELE S 4B > %A W 5 S1-1 512~ S1-3 ~ S1-4~ $2-1 ~ $2-2
$2-3+52-4~53-1+53-2+53-3 % S3-4 £ 12 chghi> » Adrprie 7 2 £4F (4 4-10) -

flde B o 2 enik A FERPFA LA LB THREY ER FlF 2 - 0 KA
$ro BEf 2 ek E 5 6575 2 Mehd R BN BRI R E0 ¢ il
Vet 22 KRR o BRI VR R 2 P EKAE NS 654772 2 F > T35
AOTA0 22 Phak (G M RO 0 MG IR S Y KA P2

FaAfA R e R AR - JHY 2§ g R 002% (2HALE) —25%
(FRE) 2/ - 4235 002%—020%:2 F » i & 04 @i e (§F » 2011) - @ »F
hPpd B2 R R B EG S 0.008%—0.027%2 FF > T35 0015 + THRHEY 2§ 3§
A RLSAEE S Ea 3 3

BEAd Gt Y BEIR S B EERATRN I A  F BT BTG L
REE~FH 5 FIH g T 23 ToRRE A % 0 B 2P 2 R M5 600 mg/kg (Lindsay,
1979) o A F B2 A% ¢ F I T 2 SRR BRSO 5 241—444 mg/kg - T35 3% 390

mgkg o # TIRE Y 2B B HOT I 2 T2 TIER -
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% 4-10 2 3z AT

i | mpon | o | JBEORRS

(mg/kg)| (mg/kg) | (ma/kg)
S1-1 7.52 0.013 364 60.6 303
S1-2 6.80 0.017 409 99.1 310
S1-3 7.36 0.010 425 116 309
S1-4 7.74 0.008 426 64.1 362
S2-1 7.26 0.014 400 70.8 329
$2-2 6.56 0.014 412 112 300
$2-3 7.60 0.011 362 12.3 350
S2-4 7.71 0.015 399 83.0 318
$3-1 7.58 0.018 258 2.58 263
$3-2 7.48 0.008 400 63.9 336
$3-3 7.60 0.027 426 83.7 343
$3-4 7.70 0.015 402 83.4 319
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VAZRIRF AN F ek Ry 2 P o R RT R

472 ¥ T ok AMFH
W E AT LA BEH T KRS 5B B S GWL s GW2 - GW3 -~ MWL 2 MW2 &
BB 2 £4F (& 4-11)° 03 ToR2 AMFTHE TR RRIe 7 B B~ ki~

~

fadk @ ~ 32 % (Dissolved Oxygen, DO) ~ % it & % = (Oxidation - Reduction Potential, ORP )

# 7 & (Electrical Conductivity, EC)~ % § ~ M 8§ ~ TAMBAE 2 A E 11 R o

WA 4-11 ¢ Bt 5 BRERERZ B TRk G 207233 F 0 AR Z B R ~ fhegE 2
BEBPARF S e REF2Z KRR REERL T NF PERRT Y 0 iR By
AEETLF L F 2B E IR ETLIER o B EkS s EREGT FRGEE 2
ER K 5-230—844mV s @ EC z jplE R 5 435—909 uS/cm -

FYp o B TR EAERE B TR B TAHRBT P RELIRT ) A LN
PETORSE DR AR RRRRT R R b2 TR BB F 4RSS 100 mo/l -

LA EEEE PG 100 g/l o Bcdp? FHRGE ZARBERT AR E T REFHRE > A

TARER TN T RE RS > kR PR S 912-75.0mg/L -

AR E TFoRERER Y RS S A2 54 F (Benzene)~ ¥ ¥ (Toulene) ~ ¢
% (Ethylbenzene) = % ¢ % (Stryene) {73 % kA A7 (% 4-12) I — thBE2 A 47308
2 EAFE AL WHIpT VHMC FLAARAGEF BRI FEELT F A
e ¥FAERFF G 3965mg/L & 5398 mg/L > e F2okiAfEAR N A 170mg/L o By rripl
2 HRRIEIAZ I L F2ORBER > wIPIET BF Rk o SRRk ¢ FER
BIAEL 2 RBFER o
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3411 T ok AMFH

ke | #3® | ER | | DO | ORP EC 5% |ARD |\ LTARD | snd
(m) (m) (°C) Rtk (mg/L) | (mV) | (us/cm) | (mg/L) | (mg/L) | (mg/L) |(mg/L)
GW1 | 2.074 6.23 31.2 6.97 1.90 8.30 435 12.4 0.26 16.7 3.25
Gw2 | 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
MwW2 | 2.170 7.09 31.0 7.01 1.08 44.6 677 20.4 4.85 334 2.30
%412 » TRP RSB A IRR
(2 = : 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




MAZR B F AN FEoks it A I RNERY R

48 2K § ie -k AR

AFET 2018 £ 80 3 9% {7 ek g > 0 2018 & 10 0 3 2019 & 4
EBBF KL% o 402018 & 10 0 B PRAEFERAT KL REHK ALY - B
PARRREEN  FPILRER L 8 f R LR E D 24 M A2 BRERG RS
@7 k2 kiz B & ~pH DO ~ORPZ EC» BLEH %1t o j » 2 BLi= P 5 GWL  GW2
2 GW3 - & hlichk ! WikiRld BORAF B RAE R ALk BiRlE L MWL 2 MW2 -

B % de 335 &UTRZ Y REFEITAL 2 TERY BT RS 2 (NIEA
WI103.54B) | # f kit (Rl 4-12) > &f-#2 S AP T o FEFH @2 KRS S 242 - £ iplde
Py o KPPk 2 & eRl (B 4-13) 0 MAE R &7 Flikis B AL BRI E

Bl 4-12 3 T Rk B 4-13 R TRl T oREE
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d A AR FERLBF A LARTREAETE I 2 Bdp MWL 225 5 111 mg/L
AW BAFKEAF 23 538mg/l 2 921 mg/l > & MW2 4 Ap e 2 4535 0 i

TR 2 F P AR MWLZ R < 0 FIRSRk2 3 ToRES 5 As Ad A e in o

A BPEMW22 035 0 54p 571 kE GWL & MW2 e kg GWL 51 2 ¢ 5 3
BE kB TR @ﬁ@ﬁéﬁ—iﬁﬁﬁﬁ’ﬁﬁéﬁﬁﬁﬁémﬁiiﬂ’ i

BAAE? 2 %At M AR BT RARS > 5D B TR 2K BT ER
T TR IS A B kAR  B A N PR BT ERITE R E

RIFTORBE 0T fRR B F RE B HONEFRY QA RIFE S Fidii o 2
PSS RANE LRI RFRPLL PP AR Y 0 LR R BRI
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PR B E AR ek RE 2 RS HRR E

4 4-13 HHRsk T E R E

= plp £ o) ki = R di i DO ORP EC
(m) (m) (°C) (mg/L) | (mV) | (uS/cm)
GW1 2.07 6.23 31.2 6.97 1.90 8.30 435
GwW2 2.09 5.90 31.2 6.93 2.08 2.30 560
2018/09/07 GW3 2.33 7.08 30.7 7.12 1.79 84.4 620
MW1 2.30 7.02 315 6.86 111 20.6 909
MW?2 2.17 7.09 31.0 7.01 1.08 44.6 677
EL - - 29.0 7.75 144 -64.4 460
2018/10/09 MW1 2.845 7.022 29.5 6.90 5.38 -112 595
MW?2 2.896 7.095 30.2 6.92 1.15 -101 915
ERd - - 30.8 7.83 24.5 -43.9 467
2018/10/12 MW1 2.956 7.021 30.6 7.02 9.02 -36.5 459
MW?2 3.048 7.098 30.3 7.02 1.80 -122 558
ERY S - - 30.8 7.66 25.5 -61.3 479
2018/10/16 MW1 3.075 7.022 30.6 6.89 9.21 -94.3 474
MW?2 3.154 7.096 30.7 7.06 2.01 -98.8 562
E - - 29.1 7.78 520 22.4 46.6
2018/10/19 MW1 3.203 7.022 30.3 6.96 476 6.02 -21.8
MW?2 3.295 7.094 30.4 7.02 539 1.93 -100.2
Ak - - 28.7 7.98 511 21.9 47.4
2018/10/25 MW1 3.42 7.021 30.3 7.07 485 6.32 -18.8
MW?2 3.319 7.097 30.2 7.06 549 1.83 -92.9
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AE 110 8P E TRER  BEkdodk 414 2 4150 d HHBEFEY P T L
PiRAEMPHEG > F 9 PR TORERITHY ¢ FRAKER G R ER BRSPS
FATA 1L T T REPRIERC FRAM MRS o RAERIE AEF LA A E e Tk

BRI R AT REFRBPESEIFRRZET -
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MAZBRRF A A FE kR R A B s R%RT S

£ 0414 L - 0 g TR F TR

ki EC Z% WEd | TARB | R
2Em) [#£2(C)| pH  |DO(Mg/L)| ORP(MV) A I *
(m) (us/fem) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
GW1 3.28 6.242 28.7 7.74 17.61 526 160.3 0.21 28.13 0.00 3.75
GW2 3.308| 5.884 29.1 7.84 17.38 176.1 517 0.10 7.75 0.00 5.35
GWS3 3.522|  6.988 29.1 7.61 16.2 127.9 517 0.04 43.86 0.23 3.75
MW1 3.502|  6.896 29.7 7.17 5.6 145.8 499 0.21 43.19 0.03 2.58
MW?2 3.359|  7.085 29.7 7.12 3.4 -68 642 0.38 44.74 0.00 3.70
2415 - P e TR P RS LSRR
( = : mg/L)
GW1-1 | GW1-2 | GW2-1 | GW2-2 | GW3-1 | GW3-2 | MW1-1 | MW1-2 | MW2-1 | MW2-2
Benzene ND ND ND ND ND ND 9.00 8.00 60.0 40.0
Toluene ND ND ND ND ND ND ND ND ND ND
Ethylbenzene | 52.0 67.0 ND ND ND ND 1777 1916 470 300
Styrene ND ND ND ND ND ND ND ND ND ND
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