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Among Taiwan EPA regulated contaminated soil and groundwater sites in 2020,
organic hydrocarbons contamination account for 86.4%, in which chlorinated aliphatic
hydrocarbons account for 56.4%. Chlorinated solvents are classified as Dense Non-
Aqueous Phase Liquids (DNAPLs), which are highly volatile and with densities greater
than water. Once accidentally released in the environment, they would move downwards
due to their density and result in groundwater contamination. The complexity of the
contaminated subsurface makes it challenging to investigate locations of chlorinated
solvent contamination. High-resolution site investigation exhibits the potential for
precisely tracking positions and distributions of contamination, thereby as a basis for
designing a remediation project. Gaseous and aqueous samplings can be categorized as
active and passive sampling methods. The passive sampling owns advantages of simple
operation and undisturbing to contamination and may reflect true contamination
distribution. Based on the results of the first-year project, the first objective of the second
year's study was to improve and modify the passive sampler manufactured in the first
year. Then, the second objective was further conducted at two remediation sites with an
extensive evaluation to ensure the passive sampler's applicability. The third objective
attempted to establish a conceptual site model using vapor and aqueous phase
tomography and assess the feasibility of the passive sampler to be adopted as a standard

sampling method.

The preliminary results of the second-year project showed that the modified passive
sampler has a relatively large ratio of water volume to interfacial membrane surface area,
which enables enhanced diffusion movement and balance of contaminants such as
trichloroethylene (TCE) into the sampler. The field used passive samplers showed that
the Teflon materials adsorbed trace residual contaminants, but they can be completely
removed after cleaning and drying at 1050C for one day. The drying procedure should be
included as one step in the standard cleaning procedure of the passive sampler. In the
field evaluation at two remediation sites, the relative percent difference (RPD) was used
for comparison among analytical results obtained by different sampling methods. The
passive sampler developed by this research was placed in wells within the portion of the
unsaturated zone for a balance time of 14 days, so it would not be affected by gas

disturbance as passive sampling suffered during the operation process in the well. Hence,



Ee
the results obtained can more truly represent the TCE concentration in the unsaturated

aquifer. In the saturated aquifer experiment, the results obtained by the passive sampler
correlated highly with those obtained by the commercial polyethylene passive diffusion
bag. The sampler developed exhibited higher sensitivity under low contaminant
concentration conditions. The passive samplers were further deployed in the site well
with high density and multiple depths. The analysis data were successfully used to draw a
three-dimensional concentration distribution map of contaminants through OriginLab
software and establish a conceptual site model (CSM). These results demonstrated
effectively grasping the distribution of DNAPL contaminant sources and groundwater
contaminant clusters at the site and improved the efficacy of site investigation. In
addition, the passive sampler is designed to be reusable, so it is more cost-effective than
commercial polyethylene passive diffusion bag and has the potential for broad

application and commercialization.

Keywords: Passive sampler; Chlorinated solvents; Trichloroethylene;
Polydimethylsiloxane (PDMS); Unsaturated aquifer; Monitoring of volatile organic
compounds (VOCs)
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(0.7 mg/L) °

107 & Fipl S % QB AIA )5 2 & ¢ HIER 9 196

mg/L 2 "g-12-2 & ¢ % %) 3.12mg/L -

TR kR 22 3 T oKE R 2021

14



221 AHpH P FRup

FHE R BT ORE AR T

ABFhf|= AR £ B KT £ H40 T £F 2@ HEpELHRT &
%ﬁijwﬁ@@ﬁiﬁ%aﬁl*%gi’pﬁm%%@éo&%ﬂ@%&%
FHETEFR?P ARIFEI P T RFTLIEFRRRNFILEFLDAEZ AFTEH(F2
Y B EEE ’,T*%ﬂk&-ﬂmalﬂmgu%T$ﬁ#§%%§2MB
mg/L) A TORFAEFERE T RFLERE AP FERER B 2.1 222
S G ABRE BT EEE Z LR AR

B
AR TP G B WEES G FTRER LG
HBEAFR 727 £ F 41 W BEMBME € 255 L RIEP 5 RFHRITZ
¥ 2 RCH o AR E L2 BB /I 27 > RC
%&eﬁ%;a%‘?m%iﬁﬁﬁi PRBEZ A CFIEARAERGREFE
# Rzgeifses (RURIIAFRFAER) » FIZ 4
6%%iﬁ%ﬁﬁ¢%1$’gAﬁi~ 101 & 10 * B H L - F
Toofex FlZ & TR L BT 102 & T P BRI A (AR P
RRRES R R o

3{@;

dRI21 P BT AFN AR 28O pE T ek FL (B ApHBED
BAH525250mS/m); &3 H AT 13230288 A eria(dip
HRETR D 25mS/m)- B &3 FEAE A 2T 6282 » Fh- &
ERX:H1E 22042k 4 F%R g Fp B(MIP-EC)R| 47 2] » 5 54k 2
iR i BRBDL T 202 mp)k % BAED Aot ALY K omat @ OE Ha A Rl
(ﬂ'i+ MIP-EC Bl AT 2|2 = g # > d 2 E AR F R HRBETRAALGEF
PLF R A SR AFH AN 101 £ 9 2 10 ¢ 0 A4 13 v HR TR
P ABFOREERIE e e EE o BT AR A SR E TOREANE AT 273 1.5
» LA T G 3606 2% 3 3706 2% ;A HEME TGRS LD g et

s s o 2,
6717“"""?"/”1, °

It 34
T’!L

5

=3

<

,

]

9

15



LR 2022422 25p F = 09:43

e
W
s

FEFAPFRIBIRENEERERF R R T

EL Mo

A -
r
Fa _,{_ i)
z ﬁ?‘: o
S

?

LTe
by

£l
*

.
d=

e TR RIS
SRS T ExT T

——— ee— olers
0 20 40 80

() 34

Bl 2.1 A a2 48 #E

16



*
Mw28

2=

Bl 22 A3¥inz =z

17

0 5 10 15 20m
™

16
BB
L AW o UEENH LRSS
o AN o DRERDONES > 10m)
o JER o FIRESY) 01 % 10m)

z»%fp;‘ﬁij,@&#;[%;mo



FAPRFIBFRENFERTIREREZ RS BT 7

222 BHER ¥ R FHAM

—

IR TR LRI e T

B%ﬁ@%afﬁé6miiﬁia*ﬁ%ﬁ’*iﬁ8kﬁ5g”%%E
foo gAY A RUSUEE ARKIFT B R EHEL G R G
o} d@iﬁi AEVAFEEEFT £ o flAeY @ TCE (T2 &6 Fia® - 64
FREREIRETE cBRFESHNAR T AAAEE T2 FE R, (LFS k
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CRITL AT HRBEREME S DAA

Gore-Sorber®Passive Sampler ¥ % %3t %) 0.5in 2 T edbif ¢ o 3 (7 LA
A Fe g engRER T 2 3R 4 geit o Bt EFUFR - BB ERUR AT E A
FHE IR IR AFFEANF R P ERERACENEREERY o B
WA A T ER A o BEEREN T B U F L 4T - BEACON sampler
(BEACON BeSure Soil Gas Sampler™) % ¥ £ A3 23k @ B #F X2 jT 1 in kit
o adtP B kg By o £ Tml R gt s BT g g e
2o i PwiR s o B P RRAE  pR SRR T E Y B SRR S
BoORFMNTERG 4,_7?)9t“3"~ AT B g B E EFLEEE LR YIS J R
W Tk R 2 A[12, 13] ¢

A5 5 Rk B (Passive Multilayer
Sampler, MLS) ¥ A % 2 # &% ¥ # B 3 % serecned
B E A~ KE > wBA&er: Aoy ok
BB R SR E S oW 3.0 4R [14]- 4

dialysis cells

Tl =S
| E<:)

BRESE A KT - Hoe 6L g vz
¥ A 448 % ¥ (dialysis cell) - 2 % 20 mL . sl
ek DA Y - K2 EwE R N b
B4R Y HVOCs A F i kA F R “”’t‘l | v) £ -
RZRE EFENRF WALS T D seal Tr\ _E
At i mABEAY L ES ;j«;éﬁﬁ stainless — T =
AER L AmERRE A BE Y 2 comeston | =
BiER  BAAPERTFERY VIR - {L—a-#te';

RGN N A AR DL AN A o
DEEESTEPF S TETIET = E B K
TEAY ZFAPRR > TV ELFARS RS ATF S Ao R 2 R PR
R BET g o pIRRAE 2 ﬁiﬁka%gﬁ4%5%kEW$’ﬁU£.%TL
ALz s kmo R pb 88 § AT IFE > M3 3% 5 B JR2Z BFR AL > )
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PDB & 4 B 1% SEOCARACT §r= 058 (745 1 2 485 8 54 B[15]> Bode 3t 1990
AT 0 AR P DTG B T ORER R TR cPDB 2 R3S R p R AT
HERE M ERBLL A IRk Tok? VOC 233 jZin? ahiz ¥ o 3k
P2 3L 5 AT F 5 % &R R e % (Low-density polyethylene membrane, LDPE)
I FRE LA P R BFE RN R FE TR P VOC F T E R
’fﬁ SR KB T TR B oPDB B o RBR S R AR LB B MR TR S R
EEWRPER B FIEERD SR
Z BB Y RV RS FIR RS e S
3 TR VOC s 38 e Bl Hiisy &R
L% 2 ped 4 o £ i PDB (4o
3.2 PA)h - SHR P o T AR A
HEm A XA ERRRE S F v
HEFERPFR2Z TR - PDB ¥ i * 3¢
< 4 deeh VOC ~ 384 SVOC(%)M % i
FIRfREAE AP (T R 2 L)
2tk o BT B R VOC (5 A
E) RFZERITFRS PR A g
LDPE it {7 % f4c > Flpt 2 ke r W32 F* R FHREIHFHER -

7 o
~

AGI (Amplified Geochemical
Imaging) Sample Module® (4] 3.3 #7
) » o £ 5 GORE-SORBER® Module >
- fAS A R E R R R o AGL ik

A % 2000 &£ TR 0 P et AT
W BEA TR B TR g i
£ F 2 (T RAR[1S] 32 A R & LR AT]or
R ] T A AT 2 BT T R R
BY it o AT TR R R (S ® 3.3 AGI Sample Module® -
HERER F P v T ERET] AGI
%%?%EQFQﬁ°9ﬁ@ﬂ%ﬁﬁﬁﬁﬁﬁ%iﬁ%*?%§6%ﬁgﬁﬁﬁ
HIEEFRIE  FPENFHPRZFEEL RS2 3P EFRFTE o5 5k
Ry B g magagog B A7 RREHT Ry ¥ - BEEG 2K
B I 51 70 # o AGI Sample Module * ** 4 p] VOC 2 SVOC % # 7 ¢ 3
GAE = T A R RIEE IS R S S i TN A BN S o
HESFFHE2 LA [BAY BAH KT H {5 & 9F - X7 » AGl Sample Module
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HEMED 2 REBZERE,  FIN 5 REFFFLFRHRHE
P it e kAR R A H E§?F°’1¢r§:}%1~;ﬁ11th N
AGI Sample Module &k p — BEBHBRF > Flt s T A H 2 ! pEHRB > R &EF
el BERF AT ZF T HRTEELT

?ﬁtﬁ"\%ﬁﬁ" EP A - BRRET B ST RITE TS SRR A XS
#;}/ﬁ_-éi‘g—i R n?—@ﬁ' r’:u%ﬁ-ﬂb?alé*’ﬁgﬁ—»/—:ns— ?\_ggf}i‘{%
&

(Polydimethylsiloxane, PDMS) » it A% 8 5 kB A2 R RT > @ 545 75 %
o B DA b T o “f gz th > By gk 22 S 44 rﬂ‘“ﬂf
SARE R AR B2 B * [4-7] o "f FiHREZHEREG S T HBE T Pﬁ’]” Z
BB NERBERBY L EF R RA LT T A E A AT RS
it B FRI - L [‘3"1#»3? #% P B (Membrane Interface Probe, MIP)[16] >
% ® Geoprobe = @ F7 4% (N o PR BN IS A BBIFRF R ED I 12000
%%ﬁiijﬁwa’ﬁ%ﬁﬁw%éiﬁkikaﬁa’zﬁdﬂ%iimm
B f% @;ﬁ?] » L PR D o APV F 3k B(Passive Flux Meter, PFM) [17] »

R TR LT ET e N e F L R
¥ 3 n.a,:;,ia« ook 2 71\%_%"%1% Wl Lt R F A ER o F B A N M T BEER R
(Partitioning Interwell Tracer Tests, PITT) [18-20] » * 2 3£ ¥ 4v » 4 » 22 224 » 4%
B > 2 o B BRI NAPL B > 2 € 92 F i F 2 > 4~ B il pl
%ﬁ%NM&ﬁ’%‘kﬁ%ﬁ’mmﬁﬁ%ﬂTMﬂ~w%ﬁﬁ*ﬁﬁ”WTw‘
A AL MR FER G ﬁﬂ BEHN T ER -

R & A =1 (kA 5 FAF] 0 Bl R 2 A A EN T EEREE 0 R
ERGEAE S FRRE[21] 0 & 4P 2% 4p %7 & #ER2(Vapor or Aqueous Phase Tomography,
VPT or APT) #3747 [22,23] > ¥ #f 24 J * 2 fa 4740 6 sV SR e #7182  ficdg > 4o 03B 3
B f317 3 1b5 43 4 o Mainhaguetal. § f1* 2 ERE A&frz KERG R > 307
iR RE B AR R IR B o ol 3.3 Arr o M F BN AL fURSIES
PRI BB SHZ F ARG AP SEERRET Bl T (24,25] 0 4o iy
ﬂﬁ%ﬁivwﬁ@%ﬁﬁi%%%ﬁ’ﬁﬁﬁ%@’W@ﬁﬁﬁﬁiiﬁkﬁo
5 4 45k é#“?ﬁﬂ‘$%ﬂ§§&#ﬁiﬁw’*iiu:ﬁﬁ%%%ﬁﬁﬁ
B 7 % 2| ¥7:5 ZERE, B A ERATRIEY BEE KIS LSRR 2
Ao ﬁwﬁz,fﬁ4ﬁ@ﬁ%ﬁﬁﬁ’ﬁﬁﬂ%ﬁﬁ%%&ﬁ’2%5
| ET4E R K OBLIL 4 Léﬁ’:ﬁgﬂika@#a%é&ﬁ’ﬂ&ﬂ%:
B2 P4 > eer = mHF-nk P4 H03) (Conceptual Site Model, CSM) {® & 5 4 2273 4%
Ay 2| %7 ik 5 [26- 29]° 'ﬂ Lo FARSTR EROTR-FRPMET S i F RS A ER
THBLERYERF BRI EEFR- @ 3D FRIGWE > I AERHEE
R PEE ,};)ﬁm&?’i & d14c@ 3.5 2 VPT B2 & ;\[23] vl BlY T AR
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Monitering well
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B F- ERREEORY BRI 2 EFLHSAATE 0 P HERFL
RAEFRA T EBCHEFERRC BN & F T AR

(1) e 2% - &2 s34k B(AoBl4.2977 ) % - & & % 2 4 d 5 4R 1k BB R
%ﬁﬂ’ Jj%&%%?ﬁzu&@,gﬁ@ﬁp%ﬁmd%ﬁ%ﬁ°§%

P 4o I(1)% R PDMS M2 = B ¥R ik BAla 2% F] i B i§F ¥ < PDMS
wa;v:ﬂ PO@Q)F - Eap b R ERARR BV RCl O TR RITERT S
; (3)F %_ PDMS %z #2353 %Ki E > ¥ BT N L M E e R A O-
ring 2 PDMS > j* - = ”f&/? [ h B I0N 307 AE 8 0 2 ;cwa: PDMS i % ## ;
(DT " 2P F 2 &?ﬁn’%ﬂm%%?*£1¥ﬂL%¢%A%ﬁ
B?ﬁfﬁ?’#”f Bl R - ELRBEENRY P2 A B A TR Z
2 K RE AR 2 A m;g?L BESE R L BT A AR - b
KIDAHFEBY N2 P %R F Firs%k -

(2) ’L%’}i i‘?}gf% * %;Lﬁ‘*iﬁ%g‘ri ’ ;}";:ﬂ‘;}a’:’figg‘é"i/?l‘[i" F\ f% # _,ﬁ_ FE'I&Z,% '%\'-L;—?’E
FAMARBPE TR L HERBLIEFY - E2LBRBSET ¢ P
:é“’

B

(3) EPERE R Y ST R GHe R R B R R RUR R E) ks
B BE CREFRE  PRERE S R R ITRA -

PDMS

water filled
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AT 2% EFFEHRFR L 24X TCE 542 232 b T RI41/ 5
Fa (M54 ERAFRZEFFSLERBSA) ¥30%3 2 TR o Eeif§
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Blruiss 2 FREPEIRFTLERE 2~3 v o TR FIFRITE R N
BEEFARE  ETFRFIRITAITLD Do N Aok R o d kBRI
Pz TP B RS 0 AT A BB 2 E R E S PDB 2 LFS = f6 V¥
fez kAP TRERY S F UBEF AR REERFE S VOCs R B A H
I KR FAAFAPFEEHEER - AFD I RFERY 2 5% -

A Fut

ABp%d BT RI2 o 43 907 £35F T4 T o B TORE R A AT
41 1 ¥p b2 Bl 2.1 2 AFnz=4%c x’fsﬁifbic;/ﬁ?ﬁ?ﬁ A4 o418 A 2 TCE
ERATIG BRHT AFREERTL RS LENTRE MWS6 2 2 MW6I
07V ERFLA R EAE MWS9 &2 MWT2 % » MERF 4 %0 E MW60 &
MW64 % 5 2R/ Z3hte B & F R 22T RFeF AR > B3
2R E S R AR KRS TR (MWSS 2 m Rk 22T
TR AP A RN T MWSO L (i ERRE L 2B EE R R
FENTT LT ]l\ et FHE T DR v RERIIRA T SR EA
SRR T AR EA RS % C ﬁ)iwg’ig‘pé%#“—’éﬁ‘i‘%MW59 ~60-~61 -~
64 2 T2 2 FRF ek APE2 T o TRE R Lok 5 e HH
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FE s
241 A3ny ToRT R AATH

ER B s # %+ BE(TWDI7 = B4 +)
TR SE
(=%) (=%) (1) X Y
MW9935-05 9 3.0~9.0 2 204861 2639834
COMWE 134 119-134 2 204859 2639835
CoMwol 45 3045 2 204843 2639835
S oMwo2 75 6075 2 204842 2639834
S OMWO23 135 120-135 2 204842 2639835
C MWO41 45 3045 2 204802 2639833
C MWod2 80 6580 2 204802 2639834
COMWO43 135 120-135 2 204803 2639833
COMWOS-1 45 3045 2 204829 2639827
S MWOos2 90 7590 2 204830 2639826
COMWOS-3 135 12.0-135 2 204830 2639827
CMWOT-1L 45 345 2 204855 2639803
S oMwor2 70 5570 2 204854 2639802
S OMWOT3 135 120-135 2 204854 2639803
COMWOS-1 54 4054 2 204814 2639801
S Mwos2 79 6479 2 204815 2639802
COMWOS3 134 112-134 2 204814 2639802
Comwn 7 1777 2 204808 2639893
COMWI 135 120-135 2 204806 2639892
MWL 50 3550 2 204783 2639803
CoMw42 73 5873 2 204782 2639804
MW 135 120-135 2 204784 2639802
CoMwie 84 2484 2 204849 2639771
oMWl 52 3752 2 204866 2639837
S MWI92 85 7085 2 204867 2639835
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FAPHRFRIBHRESFEREIREREE RS BT 7

MW19-3 13.5 12.0~13.5 2 204867 2639837
S omw2o 91 3100 > 204905 2639843
S omwar 85 2585 > 204874 2639930
S MW213 140 1254140 > 204873 2639930
S oMws s0 2080 > 204732 2639947
Comwe4 o83 2383 > 204779 2639905
S MW243 139 124139 > 204781 2639904
S oMw2r s 2686 > 204308 2639774
S MW273 139 1244139 > 204810 2639773
C oMwas s0 2080 > 204795 2639759
CoMwss so 2080 > 204575 2640054
CoMwss so 2080 > 204621 2639726
C Mwa 80 2080 A 204742 2640034
CoMwas so 2080 > 203813 2640263
CoMwas os0 2080 A 204302 2640220
 Mwas 80 2080 > 00272 2640160
CoMwar 80 2080 > 204290 2640107
C oMwas 80 2080 > 204479 2640059
C oMwa 80 2080 > 204152 2639966
C Mwso 80 2080 > 204908 2639997
CoMwst 8o 2080 > 204744 2639833
S oMws2 s0 2080 > 204879 2639744
CoMwss oso 2080 > 04372 2639684
CoMws4 os0 2080 > 204511 2639674
CoMwss1 39 2439 > 204821 2639836
S omMwss2 sl 6681 > 204820 2639836
S oMwsel 40 2540 > 204845 2639823
S oMwse2 79 6419 > 204845 2639823



MW57-1 4.0 2.5~4.0 2 204860 2639818
CoMwsz2 81 6681 2 204860 2639817
CoMwssl 40 2540 > 20a831 2639810
CoMwss2 81 6681 2 204830 2639810
S oMws 80 0080 2 208850 2639827
C Mweo 80 0080 2 208833 2639852
o oMwel 80 0080 2 204835 2639822
""" MWE2 80 0080 2 204318 2639819,
""" MW 80 0080 2 204811 2639811
C oMwet 80 0080 > 240827 2639799
ComMwes 70 00-70 > 204813 2639803
C Mwes 70 00-70 > 20a812 2639803
ComMwer 70 00-70 > 204813 2639802
CoMwes 70 00-70 > 20a812 2630802
CoMwe 70 00-70 > 208811 2639802
S omMwo 80 0080 > ooasal 2630832
S omMwr 80 0080 > 204862 2639826
S oMwn2 80 0080 2 204810 2639822
""" MW73 80 0080 2 204348 2639811
o oMw# o s0 0080 > 20432 2639801

MWS59 ~60~61~64 2 72 5 A3 8T RFELERF 5

Ry
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PR Y T 73

242 BHRHETREREAATH -

i iR R ] # e EE(TWDIT = BA W)
(= %) (= %) (1) X Y
N00426 7.2 1.7~7.2 2 197236 2663744
CoNo0427 72 1772 > 197246 2663766
Coswol 7632 6075 > 197123 2663799
"""" swo2 7731 6075 2 na  na
SWO03 6143 4560 > 197224 2663748
SWo4 6125 4560 > 197255 2663759
"""" SWos 7657 6075 2 na  na
©SW06 6215 4560 > 197255 2663759
©OSWO07T 6200 4560 > 197244 2663773
 SW08 6185 45-60 > 197227 2663772
"""" SW09 963 8595 2  na  na

SW03 ~04 ~07 2 08 5 A7 3 3+ & & 7RE2 # 5L ) n.a.: not available.
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T e g ekl FRIE23 R RG-S AS
A2 BHaip AT £ RGF2 5 s fE 2 CSM S
PR ERAT RS -

TRFRLIPEEIR2 WP FALERREER ZR 2
Foo%- ke Ao ok kB % BARBNEREEZ R
A VOCs R F4RA AT F I L EP RHEE S &
CE KA R B TR G TAEE T 2~3 BARR SR
v SRR F kPR » PDB % 12 LFS i
T 4ol 45 T o B E Bz 2 BRI
SREEER AR CERE AT FEEL SR ~ 5-8 B
dAFE TR R N BNE v TR A RIRAE R
 EBHREE O NEHE A TR AR o s
= CSM -

by =

@rWSM‘? N

® EHAFEHEREME
-] O FRAVOCHAEREMLE
—_ ® HUAHREME

I%ﬁﬁ%%ﬁ%ﬁﬁﬁ

— O@-F---30 MEHEKEMLE
] 3 Y.
a
— &
- 45 [ @O} ---45
— ®e—|---50
I————--5.75
— 6.0 e ---60
(m)

B4S5 SR P Gfos Abefri kA2 ? FHES 2 HRECIRE A LW -
(2 13555 VOC B ® ~ %2 2LFS~ % 2 3PDB % = 2 448 N 8 o)
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R £ Tid

43 FARZ ARk R A T G SRR BT

Fd P42 8K BERG G AFHIRE B T Y N C PR RS
FHREN S —ﬁﬂﬂuéﬁﬁiﬁﬁ%’éﬁéﬁiﬁiﬁﬁ%%&ﬁg’?
PERE LTS L EHd ERA TR S L G A Y EFF R
FHEHD AP e Jhd Bk oriE o2 £$Emﬁ*%ﬁﬂ“ﬂ§@ =/
- %41 OriginLab #* ¥ ' Bl g #.¢ W 3D » # B 1=k jFuet & 2 CSM > 10 jiz
Bh P F A A R o Bt > B N RAE T A R T A E
R FEHAETL A RPN RERERE T G

4.4 Atk

4‘3\?11;1%5@‘:‘ ’ /‘ﬁ?ig”%;uj\/p/&"zxvlo)i/? ‘f ?#:/’]‘JO/?EL’]GA\’E’E
F‘H‘ qu + 630 nm 7, TKE—f‘J‘“)s’EIE' g/?]”‘l C Lbﬁ%mﬁvwﬁ %ﬁii ;ﬂtfh—\*”:’&
B BuRARLIAKE T TG e o

I F N EEA T E 3 VOCs R B —MiniRAE 3000 (B 4.6) > = £ B
RAE Systems = # 2. & & » H4g ¢ 77 £+ pF > T &R 5 10.6eV 2 14
£ 7 % (Isobutylene) ¥ SHREMZREIFH O FEHEREFLAILIERI
#dz © £ 2 RAE Systems by Honeywell = # #& &2 i3 & F]3 (Correction Factor, CF)
BT F A EREHE

Bl 4.6 +#3: VOCs HRIEZ §F MK R

HRZEAAafi - BLRERBRIBLIFERHE TR I RE
WRl2 VOCs kRS E T HEF B 5 Ay 23 Fl+ EFE kR » 277
FZFCHLBDFF L0540 3 H S e (4D Y - AR R E R
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FEAGFRPF IR AREIEEREREREZ RP BT T

FRATEZ Y g MG MER BB 4697 ) T ARARRBEFRF S22 T
FPrEFEFRCEFRRC 2 - FEHBERF/F AP T RZ2NIEA
AT715.15B) ; [10] » 12 & 4 K +7 & 45 fe & +% & (Gas chromatography/Mass spectrometry,
GC/MS)ie 747 o 27 3 WF P RIEF 2 RRE = § ¢ F B I FF 2 _H e
ZABNEELITES > FTLEERABNEERE S R o

TCE # 49 & (ppmv) = PID 2t $x0.54 (CFrck) (4-1)

B R TE T RS AT 2 SR SRR FEF 22 2 TR
Poiv &R — R F T F AR K AT ¥ Ri2 (NIEA W785.55B) | [30] >
GC/MS i {745 o gt B2 e TCE k3R @I HER K > f1* 3 Jl 23k X § 4
TCEk AR ®E > L Hfd ZRF ML RFARRARBHSTIARE - 17 %
F(A-2)F EFIA TR FIRRER G 200C AR EIR 5 25°C 0 TR
* TCE z & %= 3 §1 ¥ # @& /1 * 0.34 (20°C)~0.40 (25°C) [14] » 12 5% (4-2) 20°C 3
bl A AR FARRR RS E-DRERERE ST A RR

_ #1p¢ TCE 2 ik

kR o (4-2)
h? TCE 2 AR 0.34 (20°C)

F4p¢ TCE kA (78/)=034xk4p ¢ TCE k& (TE/)) #-3)
#4p® TCE 7 # 4 kA (ppmv)

1 mol

ey v Mg 3g 1 mol L 106
A A TCE kB (T5/)) X107 = x 2 == x24 —0x10 (4-4)
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FAPRFIBFRENFERTIREREZ RS BT 7
() B+ 8w

R STEFSE S RS RN

j\p%a@_ﬁ F:w}x,%tﬁ?—\&ﬁas b pELAo R B 11 T 0 B R E

&
11 R IL 2 PDMS 38 50 7 4+ 7 @5 WIHRB Y ”?Eﬁiﬁ%@%iﬁ&ﬁv)ﬁﬂ?’
dRAAYETELENW a»&ﬁ%mm’@mﬂk&%*i%oﬂ@%ﬁ%%@
1.1 (@)% (b)#r7 » BRI B2 B IER * |3 5 o ris L4 2484 37 F >

10cm > #HjE 23 cm > 4e t PDMS (e 0 02 O-ring Bl T P ERAt o i@ ’J\;%
FaofRg aHmZik gy -

Ripd - 22 FHBHRES AP PES {4 PTFL LY - &
2l E 0 U2 BRSPS A HEE B E  REA 0§ A
T 13l PDMS #rz. = % 304k B R P 30 s = ¥ iR 5k PDMS 8 4icd & > 7]
Lrc el PDMS o2 B 4 B R v T 0 & PDMS AR s [ 4 - R
PR - EZ B REERRE SR o REPERTERT S Fptir
BN BRERRFT I > BoRAR EFERE TE o 323 ¢ H 2 PDMS %2
R E R EE 0 P R T N A B E e B A O-ring 3 PDMS 5 gt — 2 N dap
fEERPN IR MRS 2 PDMS B A TP SR ] 2 st v i o K-
% PDMS %2 i1 F 2R354 5 RbE o f53rd ¢ 3 % 2 W F 2 NN EE 0
REF®* ZE L AFEABAENEREBHE F 0 FPr o L2 4% N R B
o R 2 R ARUE I R S B R v R BRI HP R A -
B E- E2ZHRBREN TR R TR 2 LSRR e 2 BEFF E
B ORBPINFE 'U‘Eﬁ‘? AT R AR B R 2HEERT U
FHROEFHREFR - - £ 1 EREE2 ““Hﬂ‘iw—l(a)ﬁm%"‘ﬁal‘ﬂ‘(b)%»’ié
Bl % (c)m %= é}%zrﬁg] 52 %7 > B¢ ] v REBEBLPNMEHE L 64 mL (kL
PDMS %4 & fF 2.1 B 5 3.4 (6.4 cm¥/1.9 cm?)) 5 2 vk B2 pRBAPE L T 9
25.6 mL (k484 2 PDMS %4 & 44 2 +¢ & 5 3.4 (25.6 cm¥/7.6 cm?)) » 12945+ it 2 i

"

>
™

N o

BET o B EATiT R 12 2 e B SN ERR B KR4 & PDMS M4 G ff 2 v
B FEE BB RE R E 53 (kT L B A BN F A RE) 0 T g
BoARTE AT P S R B ICRREAH e o 08 AR RS DA 5
2o fhz @ ¥ f ook ¥ TCE %15 4 4 2 e $21 T i o
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e

A2 IR E S 2R E R Y W IR - &w£&94W$

o BAEHREY DAMB IR AT 51855 PDMS e 7 B8 > F 13 A /%
BPERF AP 2B Ko d FHRESTRREINF0XZ2 57 X%y HEEE(PZ
1”mﬂL%“%33%%WWiﬁ@ﬁ’ﬂ#ﬁ%ﬂ%whrg%ﬁﬁmﬁﬁwﬁﬂ
5.3 4F7R) 0 gtk o AR (8 A BRI R F LY Mok R R BRI £ AL
BoK K E L 0 SRR BT A 2 ﬁ%*&ﬁ%vzgﬁﬁ B 2 AR
% PDMS Wim BB EP AT > Bk "HrHEEREY B Rrad 8 BT

MR B (BB /) T 3@15&5 PDMS #ig 7 l@%} PR BFRRE ST
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bR 2022827 25p

BAFRE SEEERERBE RS BTG
Mz i 2 Qe B BT Y MERBFERFLAFNZ EHY - L

A

B B

14 % L gepb 15 0 BB v BT O B SAME S BB v B 5

BB E IS R BRI LT AL gt R RTE A 6
FRFw T EARLE SRR 0 I w TR AR Y D F R 2 MoK H R T
R E IR

o

Bl 54 #HEFNHER2 vwicEal B Rk -

BT HA Y AT F R L EE ¢ (oW 554

) 4R %TLﬂAﬁ‘%ﬁﬁ%@ﬁ* B 14 R T GERER R

‘&\\

% ig%”miéf R oo B 2B N

%%@#&QE%W$% ARG B ERF0RE S T2 %L1 R Y B8
*?tﬁ(]]\ %"ﬁ 150mg/L E eé’ g '%.4.)@}])_7\}; }%gi s ﬂ%}%}tggf,l\%&%’]\? TR
PETERE @“ﬁ PPEEH BB R RLF R e SN 20

e
BEo oo rERRER
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BEEHE

Bl 55 27 id Ntk B2 % B SHBRE -

AETLBRBAERBIBLF L IWUS BB gAY 73
B WA T c R MEREBIERTAF R R E%RY 0 T H2
B SHRGAR 0 2 {3 2370 0-ring 2 PDMS %icfs - 53 ) 8 E RTHEKRIRE
TR R BSG 2 MR T R4 0 g R E L2 ok ¢ (TCE § 0.01~0.05
mg/L) o F]t > AR Y A 2 RRR AR FR 0 AR mN T A BF 10
Big® B2 R E - HY S B ESEYE I~ SoRREER S TS BRI
(SR IR 105°C THET L RS A BORBIR o A BRHEFE B LWENETRT
TgrT X T x %;%gzi GC/MS A 455 B IR K &5 7 oo i | X i ish
BWET AL R RS G 2R R LK E KR R SUR R
(<0.0010 mg/L)) o Flp* iz A2 ¥ 1% 2 AR ds S FR ik B2 AR B2 X ppe i
BAR G EEATE S G M REA AT R EN T AR EARTT LT
RERZZ AT REF ARG R B RIARACR] 5.6 YT
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BEEH®
52 M3 BER MG AERILE BRY TG

ERIERG R ABRILE B R AT > AT N ED Rk
ﬂﬁwag4"TCEﬁ4Li%5’ AT S B (M5 Rk R A a2 F
AR B3Fa) T Hy 2 E RS ’*ﬁﬁ‘”ﬁ?mﬁﬁ’*ﬁ‘-ﬁ‘(ﬁfé&ﬂ&m)l4,_,?#
B(ZEFB)EFRE B* B EFR o 5 - [FERE Y A3 4776 TE R & F
UG ZEREPERIBILERE AT RFRK LHERUGFFRARE
ME AR B AHEE PSR R R AL e AT kR o A
TR B AR B LN VOCs B %(;ﬁd KB F R A R
# # % (Gas sampling bag, GSB)P V¥ A e fr 2 Kk F 05 2 F 2784 5 &0 3
kR AT R B 2 N B PDB Hefr i kAR Tk S
i VMR AEREERE 2 WLFS PN ERE o TEFZERAT L
PTG T o

MOER A MR S SR S BRSO R B TOREESSR 0 BIRSLE 2 E
BEE T4 S RSTTEAFELASFRREFEL e v TRE 2 A ATHRZ
MR RERECETAB - EYRP e v TRF AR RFRY EMREL R
1§ﬁ~§%—aﬁ%ﬂﬁ%hﬁﬁﬁﬁﬁﬁ%’%iﬁﬁﬂﬁﬁﬁ i@ P
FArE o d BSTP BERKIFEY IR AL KBV ASye v TR 2T
R A BT 3637 m B HAERY AR REBRRE Y TALE &
T FHRATRKEZ AR *W“ﬂﬁiﬁ%ﬁ%gkﬁﬁﬁﬁgL®~
;SN A L

% -
< m

(d

e

95 # B B 4 & (United States Geological Survey) 4§17 # 44§+ 3% $ 4% ié"‘ g
FEF LSV HEEBRCERL TR L 9] BB AR LRE
vt (Relative percent difference, RPD)¥++ fakth = AT F 2 A e k87t oo A
RPD 2 35 = 3440 A (1)#77F -
ICi-Cal

RPD = (1 e
( OO)(LS(C1+C5)

(1)
HY s CECOAYLAAFERBEZHEER » §58(1)3 5972 RPD ¥
s A (%) e

TR ALF 4D £ - 5 VOC kA §° B1(>0.01 mg/L)2 &R #7H 3
2 BT BT LR S B R AR SRR R R TE 2
#yp > ERPD 622 F R ® A 5 20% &5 F RPD /] 3+ 20% T & § 4
ML AR S HEERBE T SRV RP AR R ISR VA
F S VOC B (<001 mg/L)2 4i#) > 3 3 % H el #icdf £ £ <0.003 mg/L -
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FAFRFRIBHRESEREFERRZ P AT 26
Tk kR ?Q%iﬁ%ﬁ°f“*Fiﬁﬁﬁﬁﬁlkﬁﬁiﬁiﬁﬁ&ﬁﬁ%
Fobafz Nl S F T R HR B2 RPD HiciE e B S A P B TIE o

P 2 I ASE S N AR - FETEE L AS RS R R
B 5.8 2 4 514w 0 B 5.8 5 A Ha 2 (a) MWS9 ~ (b) MW6O ~ (c) MW6L % (b)
MW72 2 v £pl2 ¢ » 2 itk 02 TCE2 DCE ERSERA Rt 24 F 5 4
SIR G ASRAFNEEEET FHEES A2 RPD&HA1TES - 740 4 B
SSEVWM“fiﬁ%gkaﬁnﬂuﬁﬁi’%diﬁﬁvmxﬁmﬁﬁﬁi
Bz GSB 4 47%% » HZR[¥ MW59-60~61 2 % 0% % % 14 X TCE & #| % %
BAFTEF RN ERELERS > 24 517 RPD #EATE 20% 0 iﬂz
o il By £ £ >0.003 mg/L s MW72 R £.5 463 3% % 24 1) TCE - DCE #4337 4 R
Ut A S BRI MW60 2 GSB % 0 X itk % 2kt Nk €2 RPD £ 7 év\»
440 B H(RPD = 2.1%) ; MW61 2. GSB % 14 % #5522 46 ; $: 4k ®2. RPD
£ F LEAMAEL(RPD =0.5%) B R LA R R SRl o Ptz gL R
fwip] 5 GSB #2542 * 3558 VOCs W R B (7 § M4 gtk > €30 RiE AR
PRI N2 SRR RSN i RS B2
Pooiga R RS A AR o T E T RBIER 2§ 40 TCE 5 At Rk
EEER O RIKE R BRI AITLEE o B INA BN - B A MRS
S 4p 00 > £ 3558 PID $R 4R 47 * 2 44 45 F P AT h iS4 w5 440 6 mm > PID 3
FRAFIE S 3B0mL/min BEAITFF LS 6m 5 FHBHERERAL R
AR CHBEDERD O3 B2MEE 2 MAQ0ml) 0 B3 B 2R
HOZNF 4 f GFBFEI S A0226ml F BFEFR 4T 1 AR FE
PPEEX)330ml) o gt b o R RfcH 2 F g F Mk ES500ml s By B EG R
B2 ¥ ERA AR5 830ml s B REFHE 2 E P BE FERFFIGL 041
mz ¥ F PR - FIERRETERAE 2 F O ARRARZ R o

F oA 0 E 14 X FIRE NERERY R P Q) i@
PE R SARZE @ PIDZARA TR 2R AR - PR P IR IR
E’%u@ﬁiﬁﬁﬁ*ﬁﬁ#*—4’ﬁnMﬁm%ﬁ’”%m”v%§m¢
HEN RS ORRE 2 E 0 Fla & PID Ao s KA 2 HBE R DT o 0
GSB#cp TR Mend % 0 X 2% 14 2 § THEEFZHFKREE /}E)ii » Flt A L 3
BER AR A AP ERYE KA > AFETTRF AP NEEKBEFES 14
%2 L GERER > F R RIEARY 2 B XY THRER T A2 2 g
BEBF > N EPERFPN ZRRR (Ol TR FF T LA ER AR
A4 q4r 3 k& 2. TCE ~ DCE i3 %% o

BFEZRB S8 e v ZRF 2 ez Kk AT S T UE I PDB e v §
DA D TCE » Am 5 Nk B & MWS59 2 MW61 # 4 ik& 2. TCE
F w
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BEath
(MW59 6 m: 0.0047 mg/L ; MW59 7 m: 0.0025 mg/L ; MW61 6 m: 0.0017 mg/L ;
MW61 7 m: 0.0010 mg/L) = 1 * + it £ R FH & b 23773 & > & MWS59 2
MW61 % ipl 2 # Pl d#cdp B>t MOk B 75 % (<0.01 mg/L) » #%-PDB 22 # N 5 kB3 &
BRSNS ETER A ST TS 'ﬁ%ﬁ‘/ﬁ ey v £ £<0.003 mg/L > i+
AL 2PN EE PDB £ G 22 phi o ot o d B R T -
WHFm o d > PDBH AFH 2w v FRE A3 &P TCE » 3R ¥ & h Fl 5
PDBPHhis R HEARBI L L RHARZF a3 vEILHTHRTEFA
ﬁ’@ﬁﬁﬁﬁéﬁﬂﬁﬁﬁﬁﬁo@&?ﬁ?*?{wwﬁwwﬁ*%ﬁw“
MOERFLAEET > 44 PDB § { o FERRIES - Vb mRe v E"»y?'J—
LFS 2. TCE# Bl &%  NEFER >z T s;f;E'J WA TO6mE TmiAikSy 028 % 14
A2 AR F RN EE B2 L824 > B4 517 RPDSET LG 254 M
1(<20% 2 <0.003 mg/L) - # ¥ > L% DCE 2 #icdp » MW59 ~ 60 2 61 2. PDB 4%
‘\&ﬁﬂh“ 6m & 7mz A 475 % RPD & F 247 4p B 4(H]4c MWS59 6 m >t %
0x&2% 14x2. 4513 5&kEeLq: 0.0029 mg/L % 0.0030 mg/L) - *& MW72 &
M x £ 8 5 Ra PDB AT ERE AR NHEETOME Tm2 & > $8REE
J )é)il»\#/%““—?/%)iifg%m/ﬁ‘ > oo dpiuz gk E A LFS 2 #icdp LA T
B2 X MWS9~ 60 2 61 2 LFS** % 0% 2 % 14 % fpl#cdpt “T4 8 > 4 7R
LFS i te RlBchp R0~ > ¥ it R FIRRIZHS A2 TR ERE L TR
Lr?if’@ o fRm v B HEBASI VMR Z v TRE T H Y - X RiplEdg
kB S B2 A % RPD £ F 4340 B (b 4e MW60 2. LFS #2448 5% 4%
55 > 7m % 0% 2 RPD % 16. 1%) BT R B LFS 2% L8 7 %
TUEAFRIAAPNERRR A A X EFTNRE RS BE c MWT2 2 LFS
RIERET NSRS R R BRIEFZ LR NS RFFERI MWT2 5 AN
P R MR R R R o R 0 AR 14 X R BT 20 Tk
BEps o B9 MW72 2 8 Toki=zd 417m 2 3 3.78m> ¥ & EREEF PN &
%Tﬁ%%ﬁ#%ﬁ%%é@ﬁ@;ﬁ%’@a%@@ﬁ%&imﬁiﬁW$
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\Yﬁ' —=h -nﬁ

= *“

47



9k L MW60

#o R 20
HWAFA S 80m
FTAHAE) : 38.781m
& BkREZ) ¢ 3.61
¥F A() : 35.171m
B # A 0 0-8.0m
A P 8.0m

o HEHAHHELENE

O +HAVOCH A BRI @ E
@ HAHmEAE

| aocnnenrex

#4E  MWT2

o RAF 29t
WHRE 80m
#IASAE) 38773 m
¥ RlARRE) 378
T Ak A(h) @ 34993 m
F#EE 0-80m

# A 8.0m

0 EHAEMEREME
O FHAVOCHA EREME
@ b
feoinnpnses

FAFRF RIS S HREREREZ BY B

=5
0 — — Surface
j e —1 &
—1 B
_ —1 &
—
20— —1 #
N —
— ] i
e — £
3— 2 o830
= —
— =
4_ —
: ——
M —
e -
ye| B —
ay =
- 2 I —
6§ —| b eel 60
pir —
R
7 — - [@81-70
p il it
[ —
= i —
g — —
0 — —1 Surface
71— =)
P —
N [
. I i—
w —
A = O81-30
E [—]
I A
4 —| =)
= E—1
— N —1
" =
-1 =—1
5— = —
] j—
| = b
6 —]| £ 89460
3 o
HE T
7 — §== 7.0
- —
_ [ —
s_ e
B 5.7 AZFnpFEZE

Date : 2021/06 /18

orrasssansisasisansinnanal

o

BlE R AATHRE AR ERERE YT LR -

hmanpareasnsenerrssnsnnsisnensennnn

T T P TP TP T

48

4kt MW59

o R 20
SHHEHE 80m

TR & A2(H) * 38.830m
£ AAKRZ) © 3.67
HyF 2k 4u(h) ;- 35.160m
M A C0-8.0m
HHEEE 80m

o EAFRERELR

O FHAVOCHMEREME
@ Mk REME

| wormienrex

#4k  MW61

o R+ 20t
#HFEE 80m
#T 5 4(H) :38.770m
T RAREZ) 373
MR sk fir(h) ¢ 35.040 m
B E A D 0-8.0m
#eE 80m

o B EHBEELELR

O FHRAVOCHBERELE
@ HURH R R

| enrnnenzox

0 — —1 Surface
1— =g
R
— — =
— %
2 — —] #
N |—] 1«
3 — % ©8130
— N |
4 —
= =]
= L[} S
L] 2
s—| & —
= =
— = 1 —
6 — b e} 60
5 e
] | EHH-s7
7 — z [@®1-70
_ =
8 — P
0 — —1 Surface
1 — %
b .
— — i
[ | &
2 — — &
by —]
3— P %130
—e E ——
=
4 —
- —]
— Il -
i =
= —
5— 4 —
3 |
- B 1 E—
6 —]| 5 ®81-6.0
= =
n z | EHR-675
7 — z (88170
_  f —
s_ .




(2) MW59

Well screen

B pER

22022#2% 25p 1

Unsaturated aquifer

0 0 -
GSB or LFS (0 day) / GSB or LFS (0 day) J
{8 GSB or LFS (14 day) 1B GSB or LFS (14 day)
| | - 5 | IPs
g
T
2 <9 -
o
2
x
z
Y —— T3 s
_ |
g Y Y
= \
S 4 4 4
a
5
5 “é 5
g
=
2
6 - § 6
3
none (PDB only) @ (PDB only)
7 7
'

Saturated aquifer

rrrrrrrr T’
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14

1

— T T T T T T T 7

T

0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035

TCE (mg/L) DCE (mg/L)
(b) MW60
Well screen 0 - 0 —
GSB or LFS (0 day) J GSB or LFS (0 day) A
1B GSB or LFS (14 day) 1B GSB or LFS (14 day)
| Ps 5| {Hs 5
= =
g g
T 2
2 - ‘é 2 - E
| g
< <
~ 3 T— 3 - —
g
= ) y
= A J
S 4 4 -
=
5 5
57 5 5 £
=2 =
< <
= =
£ g
none < <
6 Inone — E 6 E
< <
{none (PDB only) i (PDB only) “
7 none 7
none 1 ¥
T T T T T T T T T T r—rrrrrrrrrTTrTT1T 1

0.000 0.005 0.010 0.015 0.020 0.025 0.030 0.035 0.0 0.1

TCE (mg/L)

49

DCE (mg/L)

02 03 04 05 06 07 08



FEAAF R BIARS AR EREREI RS R

SR g

(c) MW61
Well screen 0 — 0
GSB or LFS (0 day) ] GSB or LFS (0 day) A
1B GSB or LFS (14 day) 1B GSB or LFS (14 day)
| | 5 {HPs 5
= =
g g
= =
£ £
2 g 2 - g
3 3
£ £
| R —
E | ]
5 A [
S 4+ 4 4
o)
g g
54 55 |
= =2
< <
= =
2 £
6 £6 g
¥
none (PDB only) n (PDB only) ]
7 7
T Y '
T T T T T T T rrrr—rrrrrrT 17
0.00 0.02 0.04 0.06  0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08
TCE (mg/L) DCE (mg/L)
(d) MW72
Well screen 0 — 0
GSB or LFS (0 day) A GSB or LFS (0 day) A
{1 GSB or LFS (14 day) 1B GSB or LFS (14 day)
| |l s 51 |Ers 5
= =
=2 =2
< «<
= =
P P
2 52 - 5
E E
< <
£ £
= 3  —
g
= ' '
244 | N A
A
g g
5 =5 =
g g
= =
none % f‘-;
0 hgie 56 £
none (PDB only) & (PDB only) &
7 —none 7
none ¥ 1
T T T T T T T T T 1 T T T T T T T T T T 1
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.1 0.2 0.3 0.4 0.5
TCE (mg/L) DCE (mg/L)

Bl 5.8 A #42 (a) MW59 ~ (b)) MW60 ~ (¢) MW61 % (b)) MW72 ¥ » 7 e 34 = 3¢
2. TCEZ DCE ER"EFR L 24T o

50



%2t

251 ABnREHNHEEEET FEHEES N2 RPDEBEA 1755 -
3m 6 m 6.75 m
Well Compound .
GSBOday GSBld4day i LFSOday  LFS 14 day PDB LFS0day  LFS 14 day
0.0047 mg/L
MW59 TCE 75.6% 45.9% 0.0024 mg/L  0.0033 mg/L 0.0005 mg/L  0.0008 mg/L
0.0025 mg/L
(roundvater table 0.0007 mg/L
: . DCE 38.6% 200% 0.0073 mg/L  0.0029 mg/L 0.0081 mg/L  0.0030 mg/L
0.0009 mg/L
0%
MW60 TCE 200% 0.0070 mg/L 0% 200% 0. 0% 0%
0
Groundwater table o
450 — 3.61 S
: : DCE 2.1% 25.5% 62.1% 68.6% 16.1% 33.3%
5.0%
0.0017 mg/L
MWe1 TCE 30.4% 79.7% 0.0004 mg/L  0.0003 mg/L 0.0003 mg/L  0.0015 mg/L
0.0010 mg/L
Croundhyater table 0.0057 mg/L
: : DCE 39.9% 0.5% 48.6% 104.1% 0.0016 mg/L 52.7%
0.0078 mg/L
0%
MW72 TCE 0% 0% 0% 0% . 0% 0%
0
Groundwater table o
4.17 — 3.8 Kol
: : DCE 159.5% 25.2% 147.3% 59.9% 29 183.8% 35.8%
. 0

“:PDB F]H ¥ BAAFNHEEFZE 0 FIP RPD#KEF 3 B > AR A>3 &2 6m

¥ o

51

Fik2 T Tm o AP N R R BB (T



FAPRFIBFRENFERTIREREZ RS BT 7

BEARBI A EBASUE AR BRI F2Z2TRF 1 v o
d“&ﬁﬁ%rﬁmi&ﬁw¢’ﬂ“%ﬁ?ﬁﬁﬁ%f%@4m’@s9éip
T BERREL e v BRI R ARATHERE AR RERECE LR -
EFRY e c ERFZIRRF]GT R HERE 2 R FNRTE HRE %@#A\#'rg
A% B EFREFLEITE S A PETE o d B S5.9° BRkRE Y E B R BB

Kk FhHET G 3.9-42m 2 Ee HREE Y
7

P S RS -2 B LE

M
?%ﬁiﬁ_«,B};,;h_g;pa":-?lj,iy,—r,w-

Ej%%&ﬂszéﬁhﬁffakéy’ﬁ ¥

B HhFiEE % FE TR 5102 4 52477 0 B 5.10 5 B 34z (a)
SWO03 ~ (b) SW04 ~ (c) SW07 % (b) SWO8 ¥ » % 34 > ;% 2. TCE ¥ DCE jk & “§
R AT 0 £ 52 5 BEARE N EEEBE S 4R N2 RPD #dg A 49
FEk o F Ao d BS10w v TR 2 Abrfos kg TCE i@ v gLz s| *ﬁfd s
F:VOCs R EP-F W2 GSB A1 % » HERE SWO7 5% 02 &% 14 =
2. TCE ¥ B|#ic (4 %) 5 0.157 mg/L % 0.157 mg/L) = >* AF7 5 7B 3 2 4 ds 3 %
# % (0.0938 mg/L) > * RPD #ci& 77 428 20% (4r % 5.2 #75¢) 5 SW03 ~ SW04 2
SWOS AIE % 0 % & % 14 % 2 B¢ — X Rpl#cp kb U R 2 »~ 7% % RPD
2% 24FAp M E(H]4o SWO04 2. GSB ¥ 14 = TCE #### % % &2 4 $ 5V 2 4% B2 RPD
5 2.2% ; SWO08 2. GSB % 0 = TCE ﬁ#ﬁ.&é%gf&ﬁtﬁv‘\&ﬁ 2. RPD % 8.8%) e
DCE %4 R E_SWO04 22 SW07 > % 0 % & % 14 % 22 # ¥ - 2 g ipl#cdp st d 4%
B2 44755 % RPD £ F 24749 B 12(5]4- SWO04 2. GSB % 0 = DCE #: 1 % % &2
ME N EEZ LR L 0.0015mg/L s o3 0.003 mg/L) - GFELY ik B Hh2 #iciE £
Ripla ot Az Aefrz KE SR e % £330 VOCs BRI B
FEtRm > gAY #h Y p AL F M 2 AR TE 2 Y B F
- '43;5)‘??%%%7;5? K2 ¢ > iEm g éQK'T‘\'%; S A2 S TITIR o FRA 0 T OUERLER T
FAAFIERARSRMZEET > fapliE e F N 2§ MBS o Fn
B R R VTR L B R RS T

BFRZRSI0O v TRY 20y Kk A7 % s BlcE e Ao s kA
Z%4piu > . PDB 2 LFS A fé$# > 47 » 2 @l SW03 - SW04 2 SWO08 2
TCE # il #c i 2 4t #o N 3k 4% B2 4 $7% % RPD £ 7 ﬁ»ﬁ%:}p&é:r}(tﬂﬁrswo.’aiﬁ"v
;3554 0 TCE ; SWO08 ¢ 4 #s ;8 4% B> 6 m Atk iR 0.078 mg/L) » # 4 52 ¢
RPD #ci® & -] 3+ 20% ; SWO7 I Z_PDB £ LFS & & il dichy £ B A28 20% ° 4+ 30
AV IR RAEFLFS 2 S BB EE ) &n ERWF 022 5 14 % 2 % pldcdp o7
AR AT FH R AREFRECEERFEEELHE 2B AP BHERTE
T% 14 X PIREAFE BAR STHEFTRERLLTE V- 25 A3 ERARS
EN GRS el ﬂxﬁfu? R RSADLEN S RFRPIGFIRERABE AR AR

52



Ay
B EE R AT A RAGELZR TR L HATRE RN
DCE # RI54 7 fa k- » SWO03 2 PDB % LFS & B4 % 1% #0488 45 4 B 2 A 4
%% RPD £ 8 424 20% > SWO8 R| £ PDB £ 44 $° 5% 3% # B Sm iz RPD 3
6.2% > LES &4 5045 R F20 % 0 2 Sm 2 RPD 5 4.4% » LFS 2 #4540 8
W H 14 % 6m Az RPD 5 20% » A M S HEEET LR F b 143 kAR
om AR EFERNRBESEEE

53



#49E  SWO8

#e R+ 20
WHFEE 6.185m
18 %42 (H) : 9.9856 m
B AGEE) 415

W F A 4iz(h) ¢ 5.8356m
MR C45-60m
FHmEE T LS5m

® HERIEHEHELE

O FRAVOCHMERENLE
@ BLHRREE

| iexnnsnrnr

ik - SWO03
o R 20t
wAFEE 6143 m
18 H2H) 95576 m
& BAGREZ) 1 3.95

WF A4 (h) ¢ 5.6076m
MR 4.5-6.0m
AHEA15m

o HENREERERE

O F+HAVOCHMEREME
@ Bk Bk g

| eornunnnene

FEAFRFBRRFAFIEREIRERFZ RY

2F 4L
B ¥ 320
0 — =T 1 Surface
1 —t
_ #
E
N "
2 . 1%
= i
th 4
= g 3
Bl o oe}-30
1]
— =
7
o B | ¥
— @01-45
5 — = | & 50
1] oy
w | &
| M=
z | S HH-57
6 —| = eet-60
0 — T —1 Surface
1 p—
. i
N X
5 ] i
— o #
& %
= g i
:
< 0e1-30
1]
_— -1
a— 3| T T
E
— o945
e —
5 —| | E[ost-s0
& | 7=
_ 3|8
s | £ HH-55
6 — oel-60

rrarrsrnanaannssnasnisaranineg

Date : 2021/05/06 |

Teassssssssssas

> PR R

54

AsesssEsssRssssRssRsRaRsRERRREnY

#3E  SWO7

#o R+ 2
HARE C6200m
3HTE & 42(H) © 9.9856m
FBKE@) 415
HF Ak 4u(h) ¢ 5.8356m
B &R E - 4.5-6.0m
#HEE 15m

@ HHARAEHERE

O FRAVOCHBEREME
@ RUAFBRME

| aoxnasnran

ik SWO04

#Ho R 20
WAEE 1 6215m
#EHMHE) : 9.7576m
F R AKEEZ) * 421

HuF AA(h) © 5.5476 m
MR 1 4.5-6.0m
FemEAE P 15m

® HEAREERENE

O +RAVOCHMERLME
@ Rt EURME

| aoxmnnnene

0 — 1 Surface
1 —
— 8
E
™ )
2 — i i
= i
— ';‘ E
3 — - oef-3.0
Il
—{t 2
:
e 2 Ly
— 0045
5 = | Zloet-50
T~ ==
AR =
| = E—
z | 2 HH-575
5 = eel-6.0
0 — ] Surface
1 I}
2 5
- X
81
2— i 1
5 i
3 — . oet-3.0
Il
== e
b
=
—] E-1
4 El .
— 00145
5 — = | £|ent-s0
:ﬂ. N —
| | &
3| 8 ‘l_l 575
6 — 5 eel-60

BE R CARAAFTH IR IEREERECETAR -




(2) SW03

(b) SW04

Depth (m)

Depth (m)

L+ BpER 2022220 25p = 09:43
BEAHE
0 0
GSB or LFS (0 day) A GSB or LFS (0 day) J
{8 GSB or LFS (14 day) {8 GSB or LFS (14 day)
I rs I s
14 w1 +
& &
= =
(= 1 =
< <
=t T
2 %24 <
o] ol
= 2
< ] <
2 2
=} =]
3 —none 3
none
Y V
4 1 4
5 5
£ b
= =
none (PDB only) § (PDB only) é
6 Jasne 36 3
none
Y
— T T T T 1 T — T T 1T 1T 1
0.000 0.005 0.010 0.015 0.020 0.025 00 05 1.0 15 20 25 30
TCE (mg/L) DCE (mg/L)
0 0
GSB or LFS (0 day) GSB or LFS (0 day) A
{8 GSB or LFS (14 day) {8 GSB or LFS (14 day)
I s I s
14 14
5 5
= E =
= =
g g
2 4 = 2 - =
& &
£ £
g 7 =
none g none g
3 _ 53 — S
4+ 4 - '
5 ] 5
none E none "§
3 none g 5 5l
3 3
qnone (PDB only) E 1none (PDB only) E
none = none =
6 & 6 &
T 1 T 1 T T T 1 T 1 T T T 1T T 1
0.000 0.005 0.010 0.015 0.020 0.0250.000 0.005 0.010 0.015 0.020 0.025
TCE (mg/L) DCE (mg/L)

55



L+ BpER 2022220 25p = 09:43

FAARE R PHORE SR ERE AR R KT G

(c) SW07
— 0 — 0
GSB or LFS (0 day) A GSB or LFS (0 day) A
{8 GSB or LFS (14 day) { I GSB or LFS (14 day)
I rs I rs
14 11
o )
& 2
g g
g g
2 T2+ g
5 5
E E
< <
E; £, £
= F I
o
&
o)
4 4 Y 4 i
— 1 o
—— = £
= gs g
— T g
— (PDB only) ‘é (PDB only) E
— Z g
— 6 @6 @
— T T T T T T T T T T 1 rrrrrTrTr T rTT?
0 1 2 3 4 5 00 02 04 06 08 10 12 14
TCE (mg/L) DCE (mg/L)
(d) SWO08
— 0 — 0 -
GSB or LFS (0 day) J GSB or LFS (0 day) /
{8 GSB or LFS (14 day) {8 GSB or LFS (14 day)
I s I s
14 11
g g
g g
g g
2 22 2
g g
1 El 2
3 3
g 3 é 3 é
o —— -
1= J
(&)
=)
4 5 v 44 Y
\
—_— St o
— & &
=L s
—— 2 T
= {none (PDB only) 5 (PDB only) s
—] 2 2
— 6 fhone g6 &
— J
- r—r—Tr—rr—Trr—1r—T1r 71" r—r T r 1T rTT1T 71T 71
00 02 04 06 08 1.0 12 14 0 10 20 30 40 50 60 70 80
TCE (mg/L) DCE (mg/L)

B 5.10 B 342 (a) SWO3 ~ (b) SW04 ~ (c) SWO7 % (b) SWO8 # » # 3 f:= 7% 2
TCE ¢ DCE ik RSEER 1L 2 AT o

56



%52 BHFUARENHERFET FHE 2 RPD ey~ {15 % -

BEEHG

3m Sm 5.75 m 6 m
Well Compound .
GSBOday GSBl4day | LFSOday LFS 14 day PDB LFS0day  LFS 14 day
0%
SWo03 TCE 200% 0% 0% 0% 0 0% 0%
0
Groundwater table o
3.95 — 421 64.8%
. : DCE 95.7% 39.7% 32.6% 51.3% 35.9% 36.5%
56.1%
0%
SWo4 TCE 200% 2.2% 0% 0.0022 mg/L 0.0021 mg/L  0.0009 mg/L
0.0021 mg/L
Croundwater table 0.0040 mg/L
: : DCE 0.0015 mg/L 172.1% 0.0040 mg/L  0.0003 mg/L 0.0028 mg/L  0.0007 mg/L
0.0028 mg/L
69.4%
SWO07 TCE 50.4% 50.4% 93.4% 133.9% 178.6% 186.9%
170.4%
Groundwater table 20%
415 —4.22 DCE 1.8% 5.5% 3.3% 84.9% 25% 57.9%
39.3%
0%
SWo08 TCE 8.8% 58.2% 0% 0% 0.0780 mg/L  0.0780 mg/L
0.0780 mg/L
Groundwater table o
4.15 — 4.34 6.2%
: : DCE 137.9% 45.1% 4.4% 46.7% 46.4% 20%
57.4%
P2 A SmaE T Om el B N BB R

“:PDB F]fi 3t BALH N ERAR B2 0 F]pt RPD i 5 B o A

¥ o

57



FAPRFIBFRENFERTIREREZ RS BT 7
53 F A0 E ARk B A F T BRI

P EZE2 BEREI FEALHLRE R G5 FET % AT AS
h2 FERE il SRR NHEEE(TR AT 3455556657 %
7S5mz iR ) o 2 FEh AR T F MWO4 S (7T RIGE( R AcF] 5.7 #6om ) 0 T A
%ﬂﬂiﬂiiﬁﬁﬁﬁﬁ’ﬁﬁiﬁ%%Tﬁ1%¢#%ﬁ°%P*Bﬁ%ﬁ
2 @Rl Ecdp ¢ * OriginLab # F g Blfr TR > ¥ H Y s {4
(Kriging method) ¥+ 7 "% J& (7 #cyx(TCE ~ DCE JE & % 3+ TR % 4 )& 7 F ﬁi 4o
FErE 2 uga 2. CSM -

B S.11 % SA12R) A% 5 ABFH>10% 127 (3% £ 7 DCE 2 TCE 2. = &k
BATE  BY X2 YihaWiZFa TR 2 pHEE 2P 5k 4T
ZER VI BMRALICERE AT Y S T v RN RIERIEE 2 E
BArt BRI A kT SBREARAEFVEINSBEASAFT (5T R ER
Ao BISIAL 2 S127¢ TR SBRARAFTR); T2 2 GEREIN S = HER
AERZERASFREFRZQERLATRRBRAESTERZ 2R HERA
TR TG TR REI 270 P iHERS 00X F 5 143 TRz 2 ¥
v oo d BISI1 2 %% 7 R T ASy TCE A &8/5% %% 2 MWS9 2 MW61 &
RiFR =% > DCE RIE_& ¥t MW59 > i3 4 kingr 221 ¢ A#Fn# TR
Pl 3o Ra o dgd Z@ERAFRTVE-H T @ B AP Ty LEFFA
iﬂé}‘cmu&&’”“ » FIP T R BEAE R G ARRETREIER > TR

5 d MWS9 & MW61 + MW60 ~ MW64 2 MW72 =% @84 - {8 10 7 i ¢
%%ﬁ&%?%ﬂ%wwmﬁﬂﬂ,%ﬁ@ﬁ%%ﬁggﬁﬁ%%ﬁg¢@a~
FoAm o FIEat 12 8 d 2 gARARLIY 0 T v TR F R4 1 BALE N ERE B
2T 15SmFEREE o d BS.022Z AF L3127 e AT 5452 2 kR AT
B2 $%7 Wi #E  A¥n2 TCE 2 DCE /34 =8 % 3% n ¥ & F R o
FHEISmI3mBFAGZ KFEFP > 2 AT RIERARI0 T P2 8%
BOOARBIGRFIAR TR P ERFLF Y H 2T Ra o AT TAHR
PRABEERBEEAFFTREEIRAIT 0 ET ﬁd BN EREE B2 2 kR
AT EIE CSM > 8- e Fnifm R FiEi 2 Fisstd@ 2 34 glv

&b BN AR o

58



FEpEER 202222 25p F = (09:43
e

Concentration (mg L)

1.000

0.8000

0.6000

0.4000

0.2000

0.000

Concentration (mg LY

0.1400

0.1200

() wpda

0.1000

0.08000

0.06000

0.04000

0.02000

0.000

B 511 AHu 9% ik 47 (a)DCE % (b) TCE 2 = kB & F §]

59



g pER 02022227 25p + =& 09:43

FAFRAFRPBVRESERFRERGEZ RS T 6

Concentration (mg L)

1.400
1.200

1.000

() w2

0.8000

0.6000

0.4000

0.2000

0.000

(b) TCE

"
14
i Concentration (mg L)
21 1.600
U 3— T 1.400
[}
g 1.200
74 :
—
é ) 1.000
5 -1
0.8000
6&
| : L . 0.6000
7 , , '
0.4000
0.2000
0.000

B5.12 A#4 12 % 33 £ 7()DCE % (b) TCE 2 = @k R A % F -

60

s



BRatm
FIE A BIER G T A ERRE YRR B RS AF T B
Bo TRl A uE 6 B N E(THE AT 3.4 45-5-55% 6m2 v
B)> HPd N BHERITEFRSM G FILEERERT AL M KE L TRIF (T
Blp o R - PRz e v TR SWO03 - SW04 - SWO07 2 SWO8 :£(7 - 3% ¥
ETIE TR 2 WP BIR R 2 A FabAp e 2 2 SN RJ2 0 1% OriginLab #4 5 § Bl ¢
M FFAA 2 BF - T2 B % heT F5.03 2 5.14 4 o

B 5.13 % 514 ]~ % 52 B3#Fu> 8% 10" i £ DCE 2 TCE 2. = ‘& }k
BArt@edhi d B5137 @m%Z3 B3y TCE 2 DCE 4 &5 4 =8 ¥ =3
SWO08 » 12 SWO8 5 ¥ wrw % JERIFH S M > R RPN 254 kAE P HRE
kR > A2 DCE { 28 %(DCE kA& 4~6mg/L) > 30 a2 222 ¢ By
FRAFTHEAPABE > FARFIRERFEAF L Z2IHE I ZHLRF - Ko
Voo BBRLEIFERSALLEE  VUF IR BELNFLEFRE ASaipit o ¥
EERRFRFL > AAERECFF 2 FABAed i o Ra o BB TR
RIFTUFRB AT S Y RHREALT R R AREY LS5mo D A F o
AFT3mIFRORKREAFP AN LA RE S Ao kA L dkiE > T
10 P 2 FEBERRY o AFE T e v TR P T | BAAR N R E S A
TISmEAEE cd BS5142Z BEFR>10 P i T 542 2 kR AT B
ZGETIFR B TR HE ! P SRR > TCE A~ # =¥
BRI EEAR O A SWOB XA I 2 10! PREF{ FiE- H Fr b
T 15mA ER{ B(H2mg/L)) DCEER R EApH 82 % M » @ ¥ K
BRI A 15maz ER B> 3m e - G ¥ N3RPEHA 5 TCE 5 4 3
#t »DCE % TCE 2 7 Fin /22 BlA Y » 2 15m e ¥ 3 Mg k&2 TCE >
e AP FIHBERZ DCE2 & » it 3% =82 TCEW A F B2 Km »
AP RIFEEEEBIEL e v TR e Taad &ﬁ%fm%”ﬂ%~7ﬁ4#

CHERRATRIFE- e R PRERRE -

61



FEFAYRIBTARSERERFREZ By BT 76

(a) DCE //
0 '\ ‘ ‘

1_

(w) wdod
(U5}

(w) mdad

bl
%
=5
=

PR
[ =}

=

=D

g pER 02022227 25p + =& 09:43

Concentration (mg L)

15.00

12.00

9.000

6.000

3.000

0.000

Concentration (mg L)

~f_ 0.6000

0.5000

0.4000

0.3000

0.2000

0.1000

0.000

B15.13 B#¥u 8% (>4 4 T (a)DCE % (b) TCE 2. = ik B A * B -

62

e



g pER 02022827 25p = 09

Concentration (mg L)

6.000
e
=
=
3
~
4.000
2.000
| F0.000

14

’ Concentration (mg L)
O 2.000
a
B gl
=
g
~ 1.500

4+

5 =

1.000
6 -
o e 0.5000
e oo
,_é_/ 6
=
=D
0.000

B5.14 BHu 107 i»# 4 = (a)DCE % (b) TCE 2. = ik B A % ]

63

143



FAPRFIBFRENFERTIREREZ RS BT 7

@42 PDB B # BN &% - B 1,000 5% > ¢ 44T REEHFRET >
14252 @320l AW HE AN PEEIA

IAKFHREEFA B
Y EEFAAPEER G AT TE S 2 AE N ERE B 9 TR 159 3,000
AR H TSRS R RE ST EAFR Y o B P 2 R

O-ring 2 PDMS X *’“3‘(— TRELHO0 A LR) B R F RIS
10 % > R @42 PDB § 5% £ 10,000 = 2% > @ AP 5 2 b N HEZ T8 4
3,600 &~ W0 ApF B 7 f'@’* ZUHA o s AP T2 BB NRRET EAFR Y 2
Pl EFRFMLZBE  FRIEF AL FRNE > 7V i AHUFH)
FREBREPHEF LN g RS A RERAT 22 CSM oy <y
HLALFHD LR FEIS2 T4 o

64



% 2t

AL 25D EHHTRE P AR REREF L AR AL
- #2 %rﬁ“*'?ﬁ* F2 AT NER O ERERBINHOFEX2Z AL e pF
TR ATRE KRB EEL G i BF SR RFPIVE Eﬂz%4n
AT R A B BRI 2HBEEREY ML T RET IR b - £
L2 e R B 2 R B2 P A 5 6.4 mL (R A L PDMS 54 o ff 2 v
B35 3.4(64cm’/1.9cm?) 5 2+ B2 N IRHARE S 29 25.6 mL (kA2
PDMS %% & # 2. 8 5 3.4 (25.6 cm?/7.6 cm?)) » 7 54 AT L 2 4R E VR R B
PICREEAA M A B AR At e 2w o W E* ST TCE £ 5 85 44
Z_Ap e 3V BB o

MH T BB EEE TR TR S BBERP T
FEEES ERTEE SICIER T SIS AN S WX S S R
POEHRE A o g oh o i h B o & PR 2 55 L;%ﬁﬁ%?@a

o

S
¥

;
=
m
g\)'d\
(v

ik RRATA L6 105°C T BT 1 X P K i g
At}_o

WRE BERS A FAABRIRE B ITET%Y > R AAHLE T A
HAPHEE S ST ETL AR EE R FHREET R Ao Sk
BB AR B LR SRR B 14 % LT R TR R
(ALY 4 % TN TR (g A 2 MR AR S 4SS VOCs
BRERP-F R UEEREAIFRE V{29 F RA&{- 7k 2 TCE 3
AER o b frd KR T ERINA o AL TEF 2 4L E N B PDB § 2472 4p
B S MERGFAZEET > FIRBARBRER RN > VERIE FFED
AR EREA TN A FHEFEFERES LA HHERERG (F
SHBERRIER o AF AR AR AT S K BRI 0 5 A S n B &
AR WA FEAGFARGSERRE  AerRFL Aty # 0 g WS 2
Pz kRAFRIE2 CSMed 5P =2 0kRATRT { § ¥ ES
DNAPL /5 it 2 8 © ki5 A B2 & > 77 i - ﬁﬁdilj‘?%ﬁJ%hﬂé
BEIGZ e e B S HEEL R AT ERR Y 0 T A ROT B L
PDBz 3 { s &% FLFRARY BF £ 284 -

65



FEFAFRBPAFREZEERTRERBZ RY BT FTH

(5) 3%

[1] United States Environmental Protection Agency (USEPA), Superfund Remedy Report
(EPA-542-R-17-001), in: Office of Land and Emergency Management (Ed.), USEPA,
Office of Land and Emergency Management, Washington, DC., 2017.

[2] FArcfedks i F,105 F R I IEE = TRFAFICESR, JIEE B T RFAKE
sAhAELE, 2017,

[3] J. Baldock, A. Sexton, K. Leahy, A. Thomas, H. Tillotson, S. Pitkin, M. Rossi,
Integrated use of a combination of high-resolution techniques to characterize a site
impacted by Volatile Organic Compounds to develop a sustainability-led remedial
strategy, Battelle Remediation Conference Proceedings, Monterey, CA., 2012.

[4] B. Zabiegata, T. Gorecki, J. Namie$nik, Calibration of permeation passive samplers

with silicone membranes based on physicochemical properties of the analytes,
Analytical Chemistry 75 (2003) 3182-3192.

[5] S. Seethapathy, T. Gorecki, Polydimethylsiloxane-based permeation passive air
sampler. Part II: Effect of temperature and humidity on the calibration constants,
Journal of Chromatography A 1217 (2010) 7907- 7913.

[6] S. Seethapathy, T. Gorecki, Polydimethylsiloxane-based permeation passive air

sampler. Part I: Calibration constants and their relation to retention indices of the
analytes, Journal of Chromatography A 1218 (2011) 143-155.

[7] O. Goli, T. Gorecki, H.T. Mugammar, M. Marchesi, R. Aravena, Evaluation of the
suitability of the Waterloo Membrane Sampler for sample preconcentration before
compound-specific isotope analysis, Environmental Technology & Innovation 7
(2017) 141-151.

[8] D. Ronen, E.R. Graber, Y. Laor, Volatile Organic Compounds in the saturated—
unsaturated interface region of a contaminated phreatic aquifer, Vadose Zone Journal
4 (2005) 337-344.

[9] D.A. Vroblesky, T. Pravecek, Evaluation of passive diffusion bag and dialysis
samplers in selected wells at Hickam Air Force Base, Hawaii, July 2001, US
Department of the Interior, US Geological Survey2002.

[10] fFrciadeimd, 27 P HLFEF B EFRPZZEZ-FHEBGEERF F AT
B+ k2 (NIEAA715.15B), 2014.

[11] FrefedkiftF, ERIF & T RIEF MG PP RE S HIcE ik Rk 2
(NIEA W108.50C), 2009.

66



4 >k

[12] Beacon Environmental Services Inc., BeSure Passive Soil-Gas Technology, 2019.6

[13] Department of Environmental Protection, State of New Jersey (NJDEP), Guidance:
Field Sampling Procedures Manual, NJDEP, New Jersey, 2005.

[14] Y. Laor, D. Ronen, E.R. Graber, Using a passive multilayer sampler for measuring
detailed profiles of gas-phase VOCs in the unsaturated zone, Environmental Science
& Technology 37 (2003) 352-360.

[15] T.E. Imbrigiotta, P.T. Harte, Passive sampling of groundwater wells for
determination of water chemistry, United States Geological Survey, Reston, Virginia,
2020.

[16] B. McAndrews, K. Heinze, W. DiGuiseppi, Defining TCE plume source areas using
the membrane interface probe (MIP), Soil and Sediment Contamination: An
International Journal 12 (2003) 799-813.

[17] M.D. Annable, K. Hatfield, J. Cho, H. Klammler, B.L. Parker, J.A. Cherry, P.S.C.
Rao, Field-scale evaluation of the passive flux meter for simultaneous measurement
of groundwater and contaminant fluxes, Environmental Science & Technology 39
(2005) 7194-7201.

[18] N.E. Deeds, G.A. Pope, D.C. McKinney, Vadose zone characterization at a
contaminated field site using partitioning interwell tracer technology, Environmental
Science & Technology 33 (1999) 2745-2751.

[19] V. Dwarakanath, N. Deeds, G.A. Pope, Analysis of partitioning interwell tracer tests,
Environmental Science & Technology 33 (1999) 3829-3836.

[20] P.E. Mariner, M. Jin, J.E. Studer, G.A. Pope, The first vadose zone partitioning
interwell tracer test for nonaqueous phase liquid and water residual, Environmental
Science & Technology 33 (1999) 2825-2828.

[21] J. Mainhagu, C. Morrison, M. Truex, M. Oostrom, M.L. Brusseau, Measuring spatial
variability of vapor flux to characterize vadose-zone VOC sources: Flow-cell
experiments, Journal of Contaminant Hydrology 167 (2014) 32-43.

[22] M.L. Brusseau, J. Mainhagu, C. Morrison, K.C. Carroll, The vapor-phase multi-
stage CMD test for characterizing contaminant mass discharge associated with VOC
sources in the vadose zone: Application to three sites in different lifecycle stages of
SVE operations, Journal of Contaminant Hydrology 179 (2015) 55-64.

[23] J. Mainhagu, C. Morrison, M.L. Brusseau, Using vapor phase tomography to

measure the spatial distribution of vapor concentrations and flux for vadose-zone

67



FEFAFRBPAFREZEERTRERBZ RY BT FTH
VOC sources, Journal of Contaminant Hydrology 177-178 (2015) 54-63.

[24] B.H. Conant, R.W. Gillham, C.A. Mendoza, Vapor transport of trichloroethylene in
the unsaturated zone: field and numerical modeling investigations, Water Resources
Research 32 (1996) 9-22.

[25] M.L. Brusseau, V. Rohay, M.J. Truex, Analysis of soil vapor extraction data to
evaluate mass-transfer constraints and estimate source-zone mass flux, Groundwater
Monitoring & Remediation 30 (2010) 57-64.

[26] D. Pedretti, M. Masetti, G.P. Beretta, M. Vitiello, A revised conceptual model to
reproduce the distribution of chlorinated solvents in the Rho aquifer (Italy),
Groundwater Monitoring & Remediation 33 (2013) 69-77.

[27] M. Jancin, W.F. Ebaugh, Shallow lateral DNAPL migration within slightly dipping
limestone, southwestern Kentucky, Engineering Geology 65 (2002) 141-149.

[28] United States Environmental Protection Agency (USEPA) CLU-IN, Sediments
Conceptual Site Models, 2019.

[29] N.B. Basu, P. Suresh, C. Rao, I.C. Poyer, S. Nandy, M. Mallavarapu, R. Naidu, G.B.
Davis, B.M. Patterson, M.D. Annable, K. Hatfield, Integration of traditional and
innovative characterization techniques for flux-based assessment of dense non-
aqueous phase liquid (DNAPL) sites, Journal of Contaminant Hydrology 105 (2009)
161-172.

[30] Fochedrimg, K¢ M B £ miRIZ 2 — X F I F AT HR
2 (NIEA W785.55B), 2012.

68



	空白頁面
	空白頁面



