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PDMS £ 479% 5 @%J Sy R ERE 5 ==
POFR2 K BEERPEL o BT o B
FHRENRF AP 2R AT 0%
"t % £ (Adsorption capacity) » i3 % 4 €
1§ 76 i4 5 #HF<(Simple Diffusion) = ;% %
i PDMS Z 47 (T HATI HE R FP 2
ok B REE AR R R A e K
v B A2 kR AZE PDMS 2. skt
*ﬁ,gggfﬁﬁ%fwmmmw
diffusion)z %#<mﬂﬁ4#ﬁ%m%4%
g ’W““Mﬁ+ﬁﬁ+ﬂ¥9zﬁ
shite L] o 2 AT 5 ﬁk&ﬁ
iﬁ%mﬂ4cﬂﬁfgfﬂ%yﬁ%ﬁﬂ¢
%Eﬁmmﬁkﬁ;%&iﬂ -l
T_ie 2. #FHcaE 5 (Feher, 2017; Darnell et
al., 1986) -

f§ & #4c (Simple Diffusion)

T

D sk '--Zf%:*ﬁ%%
;._ ] .D°_.°.

S

E an =PxAXx( C)
o = —_—
8 dt

o

Concentration gradient

n = Number of molecules inside sampler (mol)
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t = Time (seconds)
P = Permeability constant for a particular molecule (cm/sec)
A=
C=

X = Width of PDMS membrane (cm)

i#3& 34t (Facilitated Diffusion)

Surface area of the PDMS membrane (cm?)
Concentration of diffusing molecule (mol/cmd)

:m ° ° 0% o PF;.. %o o
3 %«'\'%b“?iﬁi%%%
o : Qe ke ,.s
Simple
Diffusion
o
2 f
2
A Facilitated o Vinax
5 acilitate —=——
8 Diffusion de 1+ K/ (9/g)
o

Concentration gradient

n = Number of molecules inside sampler (mol)
t = Time (seconds)
Vmax = Saturation constant (mol/cm?3/sec)
K = Constant determining speed of saturation (mol/cm®)
C = Concentration of diffusing molecule (mol/cm?)
X = Width of PDMS membrane (cm)

Reference:
Feher, J. J. (2017). Quantitative human physiology: an
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H. Lodish, and D. Baltimore. New York: WH Freeman
and Company.(1986).
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Jahnke, A., & Mayer, P. (2010). Do complex matrices
modify the sorptive properties of polydimethylsiloxane
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Chromatography a, 1217(29), 4765-4770.
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Among Taiwan EPA regulated contaminated soil and groundwater sites, organic
hydrocarbons contaminated sites account for 86.4%, in which chlorinated aliphatic
hydrocarbons account for 56.4%. High-resolution site investigation is possibly allowed
for precisely tracking positions and distributions of contamination, thereby as a basis for
identifying the restricted contamination area and designing a remediation project.
Gaseous and aqueous phase samplings can be classified as active sampling and passive
sampling methods. The passive sampling owns advantages of simple operation and no
disturbing to contamination and may reflect true contamination distribution. Based on the
demand for developing high-resolution site investigation for soil and groundwater
remediation, the proposal intended to manufacture a high-resolution passive sampler,
which could be applied in both unsaturated and saturated aquifer for detecting gaseous
and aqueous phase contamination. Also, a field demonstration was conducted to ensure
the applicability and identification of DNAPL via high densities of passive samplings.

The first year’s objectives of this two-year project were to design and manufacture a
passive sampler based on polydimethylsiloxane membrane dialysis mechanism, and
examination of equilibrium sampling time and contaminant concentration range in
gaseous and aqueous phases. The results indicated that an equilibrium time period of >10
d was required in the aqueous phase containing TCE concentrations ranging from 3 to 25
mg/L, while an equilibrium time period of >12 d was necessary for TCE vapor
concentrations ranging from 2.6-26 mg/L. Therefore, a 14 d of equilibrium time was
suggested for application of this passive sampler in detecting vapor and aqueous phase
TCE. The multilayer passive sampling was conducted in a three-dimensional sandbox to
construct a tomography of TCE vapor spatial distribution in the vadose zone above the
saturated water level. After collection of the passive samples from the three-dimensional
sandbox, a three-dimensional visualization was created, and it was demonstrated to be a
reasonable way to simulate a three-dimensional TCE distribution. A pilot field testing for
the passive sampler was conducted in two sites, including Chingchuan and Dongyang. In
the relatively low contamination site, the passive sampler could detect trace concentration
level in groundwater and is more sensitive than other sampling methods (low flow
sampling and passive diffusion bag). In the high concentration site, the results obtained
through three sampling methods revealed similar concentration values with high
correlation. For detecting contamination in the unsaturated zone, the concentration
detected by the portable PID showed significant deviations, while the passive sampler
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provided stable concentration values. It was confirmed that the passive sampler
developed in this study is effective for assessing TCE contamination in the subsurface.

The second year’s objects will be conducted in these two sites with full investigation for
ensuring the applicability of the passive sampler.

Keywords: Passive sampler; Chlorinated solvents; Trichloroethylene; Polydimethylsiloxane

(PDMS); Unsaturated aquifer; Monitoring of volatile organic compounds (VOCs)
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(2) =@ ™ MAEFZ & e PN FARE RAPRIRT o 2R BT T BRER
B2 2 kRFH -

(3) BB HEKL = & ¢ i3 B4 BRSSO
FIZ AR AR SRR LA

4) sFEERFRF LB SHERBLLE R SRS o AT - Fuiei
Wy e Rl e fez kA2 Abe{ez KERGFER > k% T2 42
B b daE 2 Bk 20 45 7 ¥ % 4% (standard operating procedure, SOP) o

PRI KA 2B E S N(BEFLARP N EE R 25 VOC 1
EIEE S S o S L SRR R R N £73
FHRE -~ Hoe iR B LR SRR E)E TR > e
v gt BT ¢

22 % 2 B B E%

EPAH it B o o AR FIRAR SR (X R N 4P 1%k
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WM R B L 4E N VOCs MR BH ARG KA F A0S R B FHE A
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R)Z R EFA(R B ARR))  RG LERE R R POR S
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(3) # 4p% ik4pik & & %7 & ¥ (Vapor and Aqueous Phase Tomography, VPT
and APT)H i 47 » ©d 3 RER-Z AT FSLERDE VEPREFE 4
TEAAp R EBHD ERSGEPRESILAF G A W“’é“$$
AR P S B R B SR By R S
= CSM» {7 IS -1 P2 :E(7 o

2.3 HWHHS% S0 T
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221 P RBREFHH SRR Z A AR I AR T RE S

B o 2,

; Hak A EF RS T
7 R B
Bk B 5 S Bl
LR EROLNTF LD P BoTORHRIER C 2 & ¢ % 5 0.514mg/L (¥
BE R Tk AR dHRE 2 0.05mg/L) > Az T oK
(be @1 ) FAEHBRE S TAAAPRIEATHE
L SEE 2 Bl

WBEBERS AN
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351 1.68 mg/L 4z % = #g T 1\154‘?#1?%_&

(0.7 mg/L) -

TR kR 23 A T RF 4RSI B https://sgw.epa.gov.tw/public/
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B2 (&% 2/ SOP » ¥ - 4 4 B a & TR Sl R R
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AER BRGNS 6503 SR AR EE S AR BLES Y BAnEiED
R AERY ARUSUEE AR KA T AF A G RN
B e ARUAFEREEFLT AL o W @ = ib‘lfsf%;%%\iiﬁi
H O LR EINTE R FFEFREFE T ABEALE T FER
T HERRRLS R 0 B T ok 1E-12-2 § ¢ % (1.68 mg/L):‘LUﬁ? % 2
240 % ~ = & ¢ F(LIImo/L) Az B F 1R 8 2220 & TR AP H R Mok
Pt % o 2 TR ADE-12-2 § ¢ (168 mo/L)AziE F HIHRE 240 &~ =
2 ’Tﬁ (3.48 mg/L)4z % & /1% # 69.60
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PR R RGBT r e It o A R E - B R e 7
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i I JEE =N N

TCE 73 &2 544 B22EMp 3 Tk2 25nr 2 0Fig
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oo B R STV R AL frr ok s F R AR ER T 2
R R L L S &

Gore-Sorber®Passive Sampler ¥ % %t % 0.5in & fZeat i ¥ o 3 (7 L4
*pAEY fe cngRER T AR K ¢ gt > BRIV URR o R PR R T
BEIWE P T rIVF T FARRAT R RA R AR ViR R
woo Bk PR A ST B P AR 0 MR R E Yy B Y 14 47 - BEACON
sampler (BEACON BeSure Soil Gas Sampler™) %% & £+ 4 3k ¢ B 938 /2 1in
eIt Y s BRI B RGR AR o L Tml kA g bk g fg%ﬁw
@ﬁi%%J’u&%?ﬁ% S N i G e | F I Ny

SE|E R FMATERF FARAIGHE RS A ERhEELHEE L
i%?i’%& z=[5,6]-

BH%E S NaeB 31w [4] e & BaESE

BN F K 4%k & (Passive Multilayer . A__jl @ I
Sampler, MLS) ¥ & & Rl ¥ X B #c B R 15 47 /\_/ |
A%y o nisde{c: A&e{og kg 2K dialysis cells | L--E;--:i

|

HEA? X3 -ReEEPEHE ~RFBELE e |UZ
(dialysiscell) » p 7 20 mL # 4k » Fl4rkg = §lcr_n___;L-”-__% itL
REF - kLgwe o B4 mmEY o N @ fs2:
VOCs 4 % il i » -k A+ Bl 2% > &3 sainiess | _Eg
RS AP T4 A E BE A seal —pEEEE=——
Db ER  MBHE LR 2 MR o] =
EARGEY 2 PRER AP ERT connection | =
BBew > T E BB LY L A 47 O E
R U I S R P P & i Bl 3.1 5 kad g E

THRBEE w402 27345 kRE > TV F0f

S A A L ke d k2 R 0 R BT e 0 ) SRADZ 5 A A
/%)iir'f’g"k’ PRKBERARE iﬁ”gx PTORMEA R 2 AR o Ra b
EA AL M F RPN DAr B A R R AN S
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ME RS R Y - BREE %ﬁd FAT IR FADERER o om L E
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ifﬁ%#$ﬂﬁaﬂ*ﬁﬁ$%%ﬂﬁam%%*ﬂﬁ

(Polydimethylsiloxane, PDMS) » & &3k 8 5 kR R 2K RT » 5445557
o B Rl A p T “ft“f HH ek 22 BB gz dsy > Fb ¥
5 e s R B2 W v [8-11] Mf FEEEZEHRENG VT HE T R
Fo2 AR SRR BARE *’%W*%m%ﬁ47%i’%T%N$’ﬁipi
Al F iz Bk B8 73K3 o X35 58 ¢ #58) % (Membrane Interface Probe,
MIP)[12] » 5 # B Geoprobe = @ F73 ch & & > 4R B * ¢F R4 £ BAE-TR 5
B#A2 1 120°C- @ %2 VOCHitis  BREBRAINAL B2 ERPR -

;ﬁﬁ vz X @ﬂia:] s I D ERBR DR o AR H Vi F %k B (Passive Flux
Meter, PFM)[13] > Rl * >t e e 3 -k & ¢ > 1% s srgs T-k¢ 544 > i
FEPTEPZ TR E G TORZ R I TR B RS IRR o

» 14 o g ) z# (Partitioning Interwell Tracer Tests, PITT)[14-16] » »+ 2 3& ¢ 4c » £ »
ME RN O M R 0§ 2R O T BB NAPLPF > 2 g2 K R 2o
for o BERIB] € 7% f2> NAPL ¢ > @ HOER ' ™ > @ g & A4 » 7 B2 in
PR M T A 2 PR F IR 0 £ %ﬁﬁ BTERN TR AL ER -

BEMENEERTF FAUH O AR ZF AT R G T ERREL > ¥
RERFLESEN %\‘[17] F A0 2 % 4p %1 R ¥R (Vapor or Aqueous Phase
Tomography, VPT or APT)#: #3247 [18, 19] » ¥ # 84 i * »T 3474 85 s B dk 9 18 2
Bedp o S BT R RIS A5 40 & o Mainhaguetal 8 8 1% AT p|E Képdo gk
RBERT > RIFRETEFERAZGRFERE > 4B 3.2 977 > U F
FAZRRIES D FHNE O BEEEREHL FAAF R LI Bl
T E[20,21] » 4 P#’“ﬁv‘la‘éﬂe BV FEE S f A S g TR
AHIFRZFHER - SPHTWAE T FEH I FHFE S FRFERZMA > + F
-5 APER A FRITLZHE ST A R2ZEE - Q5L ER L F B

BRE A AFRAZAL VY PRRA T FE AL B N Apse o 8
@ﬁaﬁﬁ4#wa,$% N ETEEE L R BILS 2 e o Z T 2 kR A
e R EREFE E‘]t‘%ﬁ;“f - L B2 ' 0 st = gk 4 $03) (Conceptual Site
MmmLCSMyraﬁ 145%;M&A TikPE[22-25] o Tt o F AR SR HEROT - ﬁ
BRNEE S ARFRZ AL RAE  THBRLT RS TR BIPH Y BIRRE -

%o 3D i B 0 I RPIE E s 2 kR A F K 1 4eR] 3.3 2 VPT B
ERSG[A9]: d B T ABRRI A A2 RRZ H AT R R MERER
A2 PR RNETN S AREE[9] FIM o S B REZATRFELER
BRE FVIPLIF AT 54 P FHd ERLGHRTRG T L, 3 AR
BoZrREirdan b2 it 2wz CSMo {5 I f e v
BT o
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SRR AR(F 1 TR H B

% 2 Hdo ™ ) 3.4 SRALSTT o

‘kAp TCE/FH# BT 77 =

, FDIFEEI G L EAFR

P #1-3
v

A

F 10 TCE/H & BT 77 5%

) $ ot iE o
(e fr2 At fod KK %A F 2 HR)

v

P 1-4
Rl R

B 34 % -

L i385 4

R 2 AP N F B2 & BEACON Sampler [5] % At #s 3¢
LK AR 4.1 0 A A

B3 A H K
o % E 10cm ~

EFE

¢ (Polytetrafluoroethene, PTFE) 1 & i* % 1
}/{;_23cm('\?7 # 'S(‘"E;;)».J_,?““Zlvﬁa?;?l:’:’ v ) ) P\ﬁ'K\’} 2 ) é’?

R SRR

FLRPRE 2 U

LR AR

WA T2 RFEHE 7 gbt?/ﬁ—le'f”g EARLIE )/ HiE °f#—’l%ﬁ’]‘§gglj\ e
PDMS

Z AR EAK 0 R RS
o 'ﬁf\;__/‘ :Evi%p"””
(Polydimethylsiloxane, PDMS) & i%
W kAR EST D RRGR
T PP T ER8-11] 0 B
{8 12 Oring B & 48+ b E

E3 TR
7RIER o

-~

2p 21
%V\F

* 5 RILLH SR
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FEAPRFRPBEARAFNEREFRERFRZE RY B 76

(Fick’'sLaw) % A # > B AP P2 FHigh 4 AN ER P RCI A AL P ER &
FRERENSKY 2 ERAR);F —’qbiﬂwﬁd PDMS # 47 % 5 @@1 %D R
BN Rz ok o ERPEA AT £ 4L 07T o FEE RS 4# e R A E AT
Bt % £ (Adsorption capacity) i3 %4~ € § 7 14 2 #HHFz(Simple Diffusion) > ;%1% i
PDMS i% 45 %53 (F4h A 2 $R R B ¥ 2 ok > B afdcid Sk A B R 3 4e d 3 40 5 F
ﬁ%%i%&ﬁﬁPMﬁ1&W$i’mgﬁﬁﬁﬁ%ﬁﬁwmmmmmmmi%
FIEFFLPFBITEE » LY > FX P e F HETHT Fi F @] B
PRHICGEF AR R RN e W 4 > RIFEITHZ 5 AR HERE N RS KR
2 BB AR #MiF T E 2 i & (Feher, 2017; Darnell et al., 1986) -

# 4.1 BN R B 2 PDMS 3247 %947 R 12

i ¥ 4z (Simple Diffusion) & ig 4t (Facilitated Diffusion)

1 (é) . ¢ ml KR : g ° ¢ R X &é‘-i“r;.'.'}:' °
1 R o og® I 0055 20D Ve feg¥Wila o= o)
= 8 sk NS TRME IR T
Q- K D::;:‘ o . B
- Si_mple:-
2 Diffusion
> S 1
= g
- dn £
G = dn V
2 —=PXAX (—) o dn__ Ve
2 dt s acilitated = ac
x g Diffusion 9 1+ K/( /dx)
Concentration gradient @ |
n = Number of molecules inside sampler (mol) Concentration gradient
t = Time (seconds) n = Number of molecules inside sampler (mol)
P = Permeability constant for a particular molecule t = Time (seconds)
(cm/sec) Vmax = Saturation constant (mol/cm?%/sec)
A = Surface area of the PDMS membrane (cm?) K = Constant determining speed of saturation (mol/cm?)
C = Concentration of diffusing molecule (mol/cm?) C = Concentration of diffusing molecule (mol/cm?)
X = Width of PDMS membrane (cm) X = Width of PDMS membrane (cm)

Foob o LR B INT Ae b A AR L R Y - BERERE > WRE
FirRZ 54y BF A RFRTSLPZERAT - 3 BvHEE B 5@
iﬁ#i%ﬁﬁ%ﬁﬁ%%ﬁ%ﬁ?ﬁﬁ’ﬁﬁﬁﬂwﬁPﬂ%’%ﬁ%#ﬁﬁ
B T RARE NIRRT AN o AR BT R i
&ﬁ%?iﬁ?%Hmmﬁmﬁiuiﬁﬁﬁ’Wﬁ#ﬁ@@ﬁﬁgm%ﬁﬁﬁ
% (Purge & Trap) 2 # edZ# e VOC F ip AT REF A 47 £ 7 g Rk~ %
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(VRO IR B £ W

» FESAR T S B R B R AL B AT ARE G N0 ST B
ﬂﬁ@ﬁw?ﬂﬁ Bk de NP B~ 150 ppm 2 & * Fd - FLg R R e
BARIER 0 FT X 18 > ro¥ ek k¥ Rk A sk sk ¥ % (Ultraviolet-visible spectroscopy,
UV-Vis) & 630 nm st £ T Fm sk B8R » WREHE BN 0T 2w 52k
B EF- BEUBIHIREREYELEFRNEREATLETLTEF RE -

42 - REHY LEZ FAE LR BT LR ERETE G A PR
B HESFANBERZF T FT R AR {7 LA TE 20T

e AR B R EE O F BACY o S F AR AR R BT
B2 i 2 kAR o kip TCE R B BT i s MR HRfeorg 2 T
BREE R % S ARE T RIRARL TCE KRR » #FMRE SRR E R F
B ER IR AT 0 EFH R F BTG TR Bk TR
PSR Frs % TR Anler 2 RERA L2 kBRY BRR

FIE B o B Awﬂ;\égufrz j\@]7 FHEILHP L ;,11% » Tl ¥
PEARTERREIR A L KA DT AR AR E AR R EE N R
FEY O RS TCER B » » R BLFE I KB F BALY - FAERAL S5 26
2 26mg/L > 2 7,10,12,14,20 = 2 F BPFRE > H3HH T HERERF > F AL L 4o
% 4.2 407 o

%42 F AR R ]

Objective Vapor phase CAHs conc. (mg/L) Equilibrium period (day)

Vapor phase 26.26

equilibrium test 7,10,12, 14, 20

Note: 2, 20 uL TCE injected in 1.134 L reactor, respectively
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FEAFRFRMBEREIERTRFRFEL RP B 76
Yo EP AR AEF R TCEERKRBL T & * PR EHEEKRTE
2 THFRER o P B NS E 3mg/l 2 25mg/l kR = & ¢ kiR REM
ﬁﬁ*ﬁﬁﬁﬁiﬁﬁﬁﬂ’ﬁﬁz\w7~m~u~M4F@i$ﬁﬁig
P EBP ik TR A R SRR T g TR o 4 % 0.05
3-25-40-50~100~150mg/L 2. TCE -k;a7% ¥ » Lt agd N4k * ch TCE
FHRERFR  FmAP2 LE 4o 43977 -

TCE
Vapor or Solution

pure TCE
injection port
BA42 78R TCEEHRERET Ik AR

F 4.3 A E s B B ORAR Y BRI R F R AR
Objective Aqueous phase CAHs conc. (mg/L)  Equilibrium period (day)

3,250 2, 4, 7, 10, 12, 14
Aqueous phase

equilibrium test

0.05, 3, 25, 40, 50, 100, 150® 10, 14

Note: 2, 20 uL TCE injected in 1.1 L reactor, respectively. @ 2, 20, 30, 40, 75,
110 uL TCE m;ected in 1.1 L reactor, respectlvely

4.3 7 fa i

FERH BB G AT SR THERERLE s N REERET RN EHITRZ &
L2 F AR R AR 43577 2 MAA R SR ME IR > A
P e 14% % B ¥ 11 (Low permeability zone, LPZ) + z_ % & ((X, Y, z) =(17, 38, 23))ix »
05mL % 4p= 3 ¢ JTF  HF LA R s RPREFLGNEERZ RS NER RS ’FT
B N2 AN o ® 2 3V A L i 30~70 52(0.212~0.545 mm) & 2. F & F)

B2 AE 0 R4 AT aéﬁ”f\—"g -k & 5cm (35~40 cm-bgs) > H = 5 ke ez ok R
32 cm (3~35cm-bgs) > B+ K 4 2 1 & 3cm (0~3 cm-bgs) 4 f# ik F 4p TCE 425 1 +
%ﬂo&ﬂ’iaﬂﬂaﬁ%%éaal’ﬁ%E%%wigaﬁkggﬁi%
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Fi ik niEa
Fodid;VHFEA Wb BE= B3 FIFERT(A~F; 818~ 28cm-bgs) » #& » =
TEAH A AT E (P AT 11600 ~ #HE 1/80n) o xora S JE 5Nk 35 1 p] % (Photo-ionization
Detector, PID) M ipl+ 3P F #ER » HF(F 2 NN E LR 6§ 0 & W H

550mL Al FEEZE A T2 BRI KA 2 026%2 0.24% ; & 4 E 55 4%
BaZlepddd BRESERERA R G P (SWI-SW3 ; 15 ~ 25 cm-bgs) »
B BGE P RESIUEERGEE Y FH THR > LS AT HRFL IR
FEI TP NEERH FETEMEL B 2 KR REEA B

j 405
B ARG Ard A4 0T s 23R TR By 48 Sliche & 450 B fo B BN ERR L BT

2 Py e T IR b SRR 4 4T 18 2 KB TR R R - B " O~ Voxler g d
R RIRPE ] e

Voxler ¢ % B Golden Software = @ B2 » s B * »> - % = a2z 1 8
SRR B A TR R g F R TR A TR A AT R o 0t R ik e 2
AR SFREZHRBZER > MARMIBEIE A4 - G¥pMmART > I T
BRF TR NFRRZERAST o gt fh o Voxler 7+ 7 e IR i (do X R R AR)
®R Rt o B H A2 kR IT S H S AR 2 g
i -

screened well

® TCE injected PTFE tubing

silica sand or soil
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% sampling position

M43 #ffi LW
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bigpER o 202110 4p = (03:52

SRR RPIRS SEEERE B RS KO R

Bl 44(A)F LRl ~ B)FEF I T2 Fifat ALE 2 (C)2 3,/ F2 7)1 ALH

* 44 3 F R A RRR 0 EERGE&R R

. Sampling . Pure TCE TCE Detection
Sampling method . Medium - » .
point injected (mL) injected position  time (day)
. . A, B,C,
Active sampling
D,E.F  silica sand x,y,2) =
. 0.5 14
SW1, soil (17, 38, 23)

Passive sampling SW2. SW3
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Parameter Value
Soil medium
particle size #30-70
silica sand hydraulic conductivity ~ 0.08 cm/s
porosity 0.35
particle size #150-160
bentonite hydraulic conductivity ~ 10® cm/s
porosity 0.67
particle size #30-70
_ hydraulic conductivity ~ 0.08 cm/s
sandy soil _
porosity 0.38
total organic carbon 0.06 %
Sandbox
sandbox size (L/W/H) 60/30/40 cm
LPZ-I size (L/W/H) 8/10/8 cm
LPZ-II size (L/W/H) 8/10/3 cm
bentonite-covered thickness 3cm
unsaturated zone thickness 32cm
saturated zone thickness 5cm
temperature 25+1°C

44 BB B * B0

PR AT T R L AB AR EEA U FER S A LRSS
Ba g R AN LA AR TR ARTaAcR 462 2
frd pfrz KPR AHNEREF N2 HREDZEFRE DV RERZL A
Pk o Adefrg kA2 i & 4550 L4 1t 4 p] & (Photo-ionization Detector,
PID) * 4% % 5% = t ¥ (Passive sampler, PS)i& i7 v g » & fv g -K &g # Rl ™ foie 4
# (Low-flow sampling, LFS) ~ 44 $* 3 ##c# 1% & (Passive diffusion bag, PDB) % 7 #
AHEEFEE R FRAG A AT T
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% 46 & "2 KSR TR f\l}i‘ﬁxﬁi

. = (TWD97
s agge 2F( )

(inch) (m)

#FE ORBRG®REF Fr ik

(m) (m) % = & (m)

a2 EL
X Y

& ' SWO08 2 9.9856 197227 2663772 6.2 4.6~6.1 4,041@

L GWO03 2 22.8154 262812 2771986 144 8.3~14.3 3.359®

3@ g ok =gl p 5 2020/09/15 o
® g2 T ok = £ gl p 5 2020/10/08 -

247 F FHRE S ENIEDRY P RER R 2 T R

Sampling Number of samplers

. Well deployed Sampling
L Sampling Parameters .
Objective (Well period
methods Unsaturated Saturated measured
screen (day)
. zone zone
interval)
Passive
ol
sampler R
SW08 2 3 14
Passive voc
Comparison ' % v (1.5m) oH
of different diffusion bag DO
sampling by otoionization EC
methods detector (PID) i ORP
GW03 1 4 0, 14
Low-flow (6.0 m)
sampling

i 1.PID# § i & 5 330 mL/min > ¥ 3% 3 =k #7if 4548 4, %"? M2 BAF 1S A B 4ne8 PID 3§
EoPDd vy BRI vrFHzie* GCIMS &7 447 -
2.pH, DO, EC, ORP d jie # B4 > e # k& 5 100 mL/min -

304iF BRI A TREHEE BAER Y ELF Ak
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bigpER o 202110 4p = (03:52

\\\

ﬁé MHRE ANV BAR B A Ak > WiT S SRR R A ’@)"{Eéﬁ
I RKEFT EREMPEA G R R YR s R WY gRY =52
ﬁ%aﬁ@%ﬂ’@ﬁ#ﬁfﬁ‘JWﬁi’Bﬁiﬁialﬁﬁﬁiib
B Hrphirikzs BRI 0 SWOB IF G gt R 2 RzEE 0 3% BN F R GA R
35 Ep2 el BHRBIER R 45 2 Bl 4.6 Q)T o RHEHR T FED Y 1
FREI R CABFFLILRI NS FERE > 4 & @A B s
éli']yig\i%_ﬁi&l;}f}gt\*’é%\v?@af%’}l-};a}}:s'.j, LRSI A R AR
ARTRAARE SPRFZFOFEIERREF RV FF Pk
a@%%%ﬁﬁﬁ*i%%,%@@wgsiﬁﬁéwoi%ﬁﬁﬁzﬁwf
GWO03 » 3% 3% (FE 35T > Epl2 8 R EFR 4R 4.7 - B 4.6(b)*

B

(a) ()
-3l : R
RE (m)  SWo08 | GWo3
0 |
: Q@S HEME
|
|
2.5m : | -25m
e | ®
3.5 m | | v
42 m | .v :
4.8m | ® |
5 —Jsam O |
== |_6.0m
| o
|
|
|
|
i | _85m
|
|
10 |
|
|
|
|
|
|
|
|
|
|
|
15 I

Bl46 & "2 ABFHERY HHRETE )
7T & B
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FEFAPFRBFAFIERERFRREZ RP BT TF
4.5 WH- R b B

Bic e d L EF TR REES R Nes SWLBEFY 45452 #
kod Abefod e i kR R AR F R

Jﬁéfiﬁﬁ?fﬁﬁ-&r’f:

1L 2Rl Tokokimz 2ige

2. EfF AL gk E 2 HF IR R LR PID B4BL AT E - sk
FE AR R PID R AL S kA HEIER 0 T - s
PID i =8 o B-FedFz Rzt r 2 ¢ iR 2FR » Bodka L g
BIXFRP LG ML FoSHPIDFEr» PID v gt Hf &
R VE SR R £ 1S SR

3. FEAfrg KA TORERE > R HGEY B BRAEY BERA TR
LORF BRI TRE > MF RS RE K- R 2 /EEFM%F&/#)}‘;
BAedh B2k s B F R KRR 01~050/min 2 & > Bl & k2 k£
#c(pH ~ EC ~ DO ~ ORP) » | B 45 & W15 5 A 4 5k 284l w419
o BRI EEREFGAE Y o

4, B AREF R BRE N BIERRERE I RERERT BPRRH LY
RATRE > RFERTHRES > B S R EREER g 2 ¢ T
WE T RETHLL X

5. HFHRTHEL X8> ABFRFFIERZPHRGLLY) > LR EHHREAEE

7 PID & jicie £ H 4k o

L H P EARE R Rk 2 PID2ZBA T ERENY 220 s FARERS
SRR B o

4.6 K45 2

AAEH? 0 G S - SRR R R KRR A % kT Ak ks
HRA630NM ek £ TR L EER A F oo S F G RRF BLE ARE R

B BukRiR kR EE G oo

IR A T 5 VOCs 1R B—MIniRAE 3000 (B 4.8) » 2 2 K
RAE Systems = & 2. & % > 1‘5&:@ PE R BRE T RA s 1066V 1
£ 7 f(Isobutylene) i% &t £ M2 <L F %@" PV EPERELBE S A ER T 8
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#y > £ 2 RAE Systems by Honeywell W‘
o P % w2 13 ¢ F]+ (Correction Factor,
CR)it 7 7 R k& 4% o

BRI 2R A - fis B

WﬁﬁFﬁiﬁﬁﬁkiﬂﬁﬂ’ﬂ

kB pl2 VOCs kR Bk I
FHEFAPF2 B FFEFE K
B AL R* = 5 0\’7&?7 iy TS
50545388 (4-1) s ¥ - A3 n
iR BRI R R E Y P B 4.8 <3 X VOCs i ip| %
PR IR S L CIEE: 358 AP

TZFPAEE GBI A RBID 2 -2 SRR E S F KT TR (NIEA
AT715.15B) ; [26] » ™ F 4p K& +7 k45 e B +¥ & (Gas chromatography/Mass spectrometry,
GCIMS)it 7/ 45 o AF 3 WG PMRIEY 2 RRE=Z F ¢ B L FlF 2 ff i

AAFAHEEAREE ) TR ERBAEESR LR Y o
TCE # 4pk & (ppmv) = PID 31 %:.x0.54 (CFrce) (4-1)

BN EATET 2 R AT 2 AR RRES 22 2 TR T E T
Wi & PRS2 — R F I F AR AT TR k2 (NIEAWT85.55B) | [27] - 14
GCIMS &7~ 47 « HEBP cnTCERZREDNEERL - JI* 3 228y 549
'mEﬁ%EE’#%ﬂﬂﬁiwiﬁﬁ%%ﬁkaﬁﬁﬁﬁﬁﬁkﬁoUT?E
F@4-2)FaFETHlEE FFHRER G 200 BRI R 5 25°C ) Arugk
* TCE 2. #& %)=t % 4] % #ic® 4 +* 0.34 (20°C)~0.40 (25°C)[4] > 1 5% (4-2) 20°C %
Bl A INA-) B FAER R U@L ER B SFE AR o

_Fan? TCEZ kR _ 0 (4-2)
= =034 (20°C)
Fane TCE k& (MY =03axkin? TCE k& (M) 4-3)

# 40 ¢ TCE 7 ¥ 4 k& (ppmv)

mg 39 1 mol L w108
=F4p? TCERAR( 7/))x10 X T x10 (4-4)
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FAPRFRPBEARSFSERFIREREZ B BT 7
AT TR 2 IpH = =2 1 1838 P (H $F8B)

A gz f’fi@i);tﬁ’ﬁ FRAcL 487 > e E AR 1 EFHTERFFH
WREZE TR o A2 F = % @ gF £t Journal of Hazardous Materials #7 71 ¢ > 4% #5
FEEEZEICERR S Hd RPFE TR EE Y 50 R R T2
gm~ 2B L IR EFREGRAZD AR BTG EmF L 0 T EP
Fiegwm2d4 AP35 LERARERE -

348 A3 H2HHER

PR )
1 iE3E P 1]2(3|4|5(6|7/8]09|10(11]12]|.5
- & RH%EERF FIFER
PRl-1 273 e HmEREL
«:‘;L:—)J.Flﬂifa ?ile °
PR1-2 $=0d5k * IR 4R 2
RApARIRT o FF T 2 R =
@aﬁwikﬁﬁﬁo
ﬁ13ZEW%$$@ﬁ:ib%
RIS ARk S
Rt Iz btk RO E
MFLP LT o
P14 5 FE B R RPN
*%qzsb—ki)@;?’ ‘%/\Eﬁ_,#h ’if—rlj._ >.<
Bl e ALK B R 2 2 '
2 fRBITE AR -
FoF BB R B
PAR2-1 it BT d KRS o
P22 M2 BERF RIS AR s
BT R -
FAR2-3 F 402 RAp kR A F U7 R ¥ ¢
BPTAT o ’
1IFRR B3P A 504 10|20|30|40|50|60|70|80|90]|95|100
(j‘%ﬁgt) %% | % | % |%|%|%|%|%]|%|%
EHE-
PARL-L B RS 52 P RL2 F T g
B Z G 2 B F R
:”Fiﬁfl’;#&' g ;E]j‘;—_& ~E /&E?’Jﬁ J: 5
PAR2-1 AE SRR ES SR 2 pR2-2 M2 3k
B35 AHRIEE PR
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5ok
1-3 = ¥k > N EIF L P

h T N S
i%ﬁﬁﬁiﬁﬁi%#iﬁﬁzwﬁﬁaﬁw@
hffg jfigZ MEFERT A LSRR B T
=3 £2-3 7 N N -
*\; o 52-3 F ABERAPER AT 'z%‘?%i P HpTT
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B A%
N = 4l kg 2] =24
¥Ix BEEHHG

51 B A d N R B2 R B3 2 W

rE G Pﬂ;?\%ﬁﬁv—\%*{ﬂg(@Sl){‘f 47 R PDMS & 3 50ie (7 @

’&k&#&ﬁ&% NREAAPETHE LI CORBBENIN RPHER

Lo H ki id he@l(a) 2 (b)#7T ﬁ“ﬂiﬁf BHRELBLEHE 3 5%
» 2 E 10cm o ¢HjE 2.3cm s 4c b PDMS L #5518 > £ 12 O-ring r?Li" F

¢.éL,ﬁm#@_%ﬁ$ﬁoﬁw%ﬁF’E@51ﬁ’?%K%ﬁ

\mﬁjlr}:)l— s B A LE02em 2R R T XA HE R 'l%«lr#ﬁ
PR MG N B2 P g B & BlAeR 5.1(c) -

=

&Lt{&‘“ﬂ
A

A
"

R

OB R T
% .

-

o
o
2N

4

L LG LA LEALERLEELGELALLL L L
AR AN b ‘.‘.L l ‘.‘u i | ! I.|-I-| K

‘-‘i-l_y-.-l-'.‘:‘a‘.\\"lmi.‘.h .i.|\||1‘;.“>.%7

Bl 5.1 (A)#E Nk Bt~ B) e K F2 CMRF N HERERENHEI? TR

ABFER AL T REF RILY RBRAT €158 % 15 PDMS - 3%%]
BB 52907 VRAERIF0I 2 F T IR S HEE R m’J\‘/pni RS
i e B A E i 154 wﬂﬁﬁﬁﬁiﬁﬁﬁﬁ%$ﬂ¢$ﬁia%§@
51) B E N EY 2 oRARR kB L 00 0 F ALY KRRk

5 (<10%) - F] 4 A A S i% % PDMS % zﬁi%%ﬂiﬂgv‘ X P EPR

\

B4 i
KA RF Bl RIFRETRI L RERETF AR KB REE B BREE N R
&7 (blheikif) > 7 % 8% % PDMS e (7 B
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SR Tk DLk 3 b S L SOl
%51 F ¥R HFHEEY KBRS REN R

Reaction time (day) Reactor Sampler
Absorbance (@ 630 nm)

0 2.7469 0

! 2.7365 0

B 5.2 AFMEHAE BB FR KB RF BRI R

5.2 -k4p TCE &2 4 4% BT 4+

R AW R PR 0 FEILF RFLY R R T 8% 15 PDMS sSiE (S @%J
@,%f¢m$ﬁﬂCEﬁ%ﬁ¢73¢ﬁ% O FERE AR TCE ? 17 2

TR AP R EA T R F L B ERE N FRR 2
TCE S 4-k? » EmFFT o W5 AR SR ETHFEHEFL - AT ma
PEERET R AURRFR o ¥ - FPEEARE SRR ERE 32 25mg/ll B kA&
2. TCE -kiaiR® » Aul3t3ck 2,4,7,10,12,14 2 1 » B b N E BE A 455
Jeig? kip TCE R R  FAE S HEFEF ALY kA E(Csampler/Csolution) £ 1.0%
01%,%§i$w%%%ﬁw3’ﬁﬁ$%3mwj'WE*@ﬁﬂ’*¥4%W
T grs @ 25mg/ll 2 TCE kipik® » &% 10 = 7 3T fr > BEom k& § 197
TR gAE e A A Wik T At R R PR BT 2 T G >10

M
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1.2 5
10% variation upper limit
1.0 Jtheoretical ratio % ; T @ % T
' L
10% variation lower Timit * * f._._
I I
S 084 u
E o
S "
& ® 3mg/L
g 0.6+
[
3 |
3 25 mg/L
0.4 H
[
0.2 1
T T T T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16
t (day)

Bl 53 e N ik B2 54k TCE R R & K% i% TCE kAR v- B 1 B

ﬁ‘“—W&iﬁﬁﬁmﬁﬁﬁ*ﬁﬁ$*¢ﬁﬂCEﬁflﬁﬁﬁélo%

6 R FFE 10 L TR AR R SRSl THEE B o
SR EHEREERELSYRE 10X 2 14X 3E B A7 0 3 K Beacon
Environmental Services Inc.z_ 4 &> sVt B2z 2R T frk RpFR 7 5 14 = [28] » &

PEAENEEEE N ER 5 005 3, 25,40,50, 100,150 mg/L 2. TCE -k % ¥ &
RH TR e FRES4CB 5347 0§ THRFRF L 10 xpF > TCEER 5 40
mg/L 2. Csampler/Csolution ** & % 0.9 » iF 10%z£ £ * 2 > § TCE k3 %% = 1 50
mg/L FF > R e A2 A T i—fmﬁﬁ(” B 5 062); 52 > T 5 14 = pF > TCE
JE & 4 > 0.05~150 mg/L FERpEY 2 L001 B o Flpt v aeokdp? TR
PR E 14X P REFY§* 2 TCERAR #F = 0.05~150 mg/L -
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AATBRAER SRR ERE R RSP R

1.4 5
1.2 4
10% variation upper limit
1.0 A T theoretical ratio
_ ' A $ i A 10% variation lower limit
2 08
o
3 A 10d
E 06 A 14 d
S
0.4
0.2 1
00 T I//// T T T T T T T T T T T T T T T 1
0.00 0.05 20 40 60 80 100 120 140 160
TCE (mg/L)

PN

Bl 5.3 TCE k& 1k d N1 BT e 10 % £ 14 % 2 B 50K ¢

5.3 # 4p TCE &1 43 BT =

P BEREEC NS N EBEBRATCE R 2T gris > g
FALE S ER  BRF U F I TCE 5 PR A WA Io s KA 2T o b f
#TCE 5 26 2 26 Mg/l 2 #6127 » #35HE BE ~ £ 4 b F BT 7 7~ 10
121420 % {5 > A w|Bsg? TCE # 842 5 B¢ TCE -k RiemAds » A1t
%23 ¥ #(0.34@ 20°C)pF T if T fr o A 4o H 54> FF AR TCEER 4 F >
FREGF 2 AEd PR REE ST A8 2 b TCEIRAR 2 ® 2 § [ dn ik A bl
(ColCaq)'d 2% 12 T s X T fgF> A wl% 0323 0360 47 » #1214~ 20 % 2_ ¥k
P T 3ots2 v b 5 0342 0 4217 20°C T2 3 I 8 0.34 0 F pL B R T At
%E%/iﬁﬁﬁ@i@ﬁﬁ?ﬁé‘?ﬂi'fi’?Z%“%?@f%%ﬁﬁﬁi—’i@%i#ﬁﬁ%i“ﬁﬁ’ F
1p TCE k& 2.6~26 mg/L # B » & 475 Jupb @ 3>12 = o

TR RV @ ZF e A MIERERT AR R EL BT i
%@alo%:*w’éﬁ%ﬁ&ﬁﬁiﬁﬁﬁ’%*?%ﬂéﬁu14%ﬁéi
G 2 AR o PR ETR TR AR TR 2 2 TR TR
$ P SRR BB - R AP EB S LR N AR TR
P 02 2 EORE B TORATE G BB S AR B RS 2 (NIEA
W108.50C) 1 ficde 4 52 57 -
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0.7
® 2.6mg/L
0.6 | B 26 mg/L
0.5 § e
g
Q
8 i
04 1 109% variation upperdimit -
{ theoretical ratio u ||
03 109% variation lower limit o - o %
02 T T T T T T T T T T T 1
6 8 10 12 14 16 18 20 22
t (day)

Bl 5.4 #ds ;34 B TCE § MR F L Ap 0k & v* 5](ColCa) L I B 52 1 B 1

52 MENEE LABEBRRATIRE S E AR NI E R

2R R

NIEAW108.50C

IREAIRF 2B

7B SR .
s R R SRR
WS LA VOCs VOCs ~ & #/3 F
TR P BEERR ko s ok k b for R bv e g KA
T g Y 14 = 14 =
iE’if;’:'f"{-.—} 2 vty b 1efru b
TagR 37 EAf R FEAFR
E TGRS T oBR TR s 0 B ARFE
RPN BRAG FHREBREL PTFEF X1 9% % A4
s BB MR 2k B RBA RS T NS
A I R AY S I - A
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FAPRFRAPBEREIEREIRFERPZ RY BT TR
5.4 FjfaidB- LB R ARG S HEES R R

Fd FAATEFT RS ARMPARREN S 123 E 3T Tt RFI
FifatigmX 2% ¢ ’fﬁ BAFRZ R AMZERTEE (XY, 2)=(17, 38, 23))/~
>~ 0.5mLTCE (B 4.3) > # 14 = t¢ > 41 * MIniRAE 3000 VOCs =+ ## ;% 1§ jp| B & {7
R T T R IR R T PRIy S )
RF AP AT

ZRFHFAAALY G - 22F
L R
WP P B 2 R AR[29] 0 Flt N E T A R
Z54eB 557 0 AFBEFRE 4:[;?/\’%*“‘ » RE R ﬁrm(iq—ﬁ‘z\@) Ei,é_’}
% BT IV A /"F‘r}f"&7 LA WG okAe e P B ﬁ:{é%\lé@'frgik}%17}</’}é’j
1@%[20] °

Uk N

o\ \\0\
10 ° .
] ‘ / —e— silica sand
15

l Q\» .
| \ N
. . ~_

25 &

sandbox depth (cm-bgs)

30

35

L 4
40 L 1 L 1 L 1 N‘A L |

0 5 10 15 20 25 30 35

water moisture (%)

BIS5 THFRRFL  PEMATE2IZATEN BREGFRLED

)

R o B EY Aok B % 3150 mL s @ & $%(35 cm-bgs~40 cm-bgs) 2 3 i = &
fopk i sk e fri kA Y o RS FRBENIHE P EHATE IR
R S wé3a%£3%6’@%&%P%HEW-U%PF“‘“’ﬂ H) % 30%
% 20% (B155) @ F P RFF i 2 Lmd 2 P8 P HEHTRH Y £okind
MBI G EEAT IV gk 2 kA +<x:b;;_4 Bt L md 2 ONG51),
FEFERE IEAF2 he=2063cm B9 rERE L2 5 REKY 2B

2ok 4 % g(K)(% 4.5)3 B (5-2) -

>

o=

L
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B* 2t

_ Bo [n
he= o [k (5-1)

where:

hc = height of capillary rise, (cm)

B = wetting coefficient, (0.4 for water)

o = surface tension of water in air (73 dynes/cm @ 250C)
Ap = density difference between air and water (~1.0 g/cm3)
g = acceleration due to gravity (980 cm/s2)

n = soil total porosity expressed at decimal

k = intrinsic permeability (cm?)

k= (5-2)

where:
K = hydraulic conductivity (cm/s)
K = dynamic viscosity (0.8937x10-7 N-s/m2 for water @ 250C)

p = density (1.0 g/cm? for water @ 25°C)

BIS56~B59° 3¢ d el 4744 TCERRD F 2 K(ppmv) » i 4 1 i
BZERTH > HY A6 5B 56 % B 587 2 (B)&(C)R A % i x=10,20 cm

zH>m »(D)~(E) - FB~» % 5y=81828cmz & > (G)~(H) -~ (B~
W% z2=30,20,10cm-bgs 2 76 ; @ AR B kB 5.7 2 B 59 ¢ (B) ~ (C)Rl~
b s x=10,20cm zZ > % > (D)~ (E) ~ (F)®» % 5 y=13,33,53cm 2 7 & >
G)~H) ~(MB» =5 z2=25/1510cm-bgs 2 7o > @ k> VA 4 2 Hp %
AW R2Z AR LAFNERIFFRIFH B T P ERZ B
ﬁ’ﬂvuaﬁﬁ%$W7/§iﬁ’ﬁﬁﬁﬁﬁﬁmﬁ&m@

5S4l e m i F

EEEHATY > FBRARGOEER(ZF 3RS L1909/ TCE f B A &
1.52 g/L@ 20°C[30]) » ¥ TCE*t -2 = » #ok T = o H# { L $-i#[29,31] 5 &
A AD N EERABRS R VERRD TCE 25 %275 d #irgk((x, Y, 2) = (17,
38,23))% T WA B2 TCEJER o b » TCE# 875§ At = v # &
2 A8 (B 56 (B)~ (C)~(F)~ () ;: B 5.7(B)~(C)~(F)~ (1) ; ¥ 4B 5.6 (C) ~
(D)2 B 57(C)~ (D) > A #5445 ? » Fifa2 2V BB RFHTCELR » £
BAE A EEL - RE O T EPREERSL o 3 A B R RFHRT N

69



FEFRFRPBERBSEREFIFREZ RS R 6
RAB BRI FFRFRFEA T ARSI TR AL FA[6] VY
K RE2Z MRS FRL RS AR 2 A F T R TCE § 2 %4 % >
B BRI 56 (D) FlF X T WRAEFLEREAPN £ é&ﬁﬁ#gﬁ)ﬁ’
B AR N EEEIRST(D) F - AEARMZ RBERRER RIS 2 S
AR o A g B TCE Flded Mg m S8 M35 H[32,33] - 5 4 Rk @
TOABNKRKFFFNF 0 B ENESAREE > AR KR > TCE
B kR F 5 x=0~30cm ~ y=22~60 cm ~ z=12~40 cm-hgs - it P’ A% 5| TCE
BART L, RHY X 2 52k(B 5.7 (E) ~ (G)) bR N EERAY
P BT ARE S ER PR BT A B SN Rk o

542 3 4 |

EIEAFY s A AREINY PHTFATCEwwr it -8/ ‘ﬁ” r?

BRIAEEA T Fika o VB 58B)~ (D) (F)2 ®B59(B)~ (D)~ (F) -

B FF R J%mm‘%&@mPﬁﬁi’fﬁ5N®‘®‘@V¥1
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AS-silica sand

TCE concentration (ppmv)
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PS-silica sand

TCE concentration (ppmv)

1 5.7 #8520 445 0 IR 4 ¢ TCE (k& 2 #7k ks (7 %) 6 )

72



e L

AS-soil

TCE concentration (ppmv)
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B 510 & "Fu e B E R B ER REREAR T (F)

BB ERSAEREHRR AL IoE e RERGT A P AR ﬁtﬁa
REESZZHREARER R oA 56T o p ot AEe e e s kA P
BAEE RV % 4B 511 from o

BAFE Y Y A ez kLA > S PIDRIE S 0% 2 5 VOC k&
7 2 F(25 %2 3.5m)4 >t 700 ~ 3600 ppmv 2 (L B 5.12 (@)% % 5.6) > H ¥ #ix
T 402, 25mEGE R RE 0 iR G TS FEPE Y F P VOC 2 537‘15?
A E- HEHEFNPID 2y By ik &4 17 trans-1,2-DCE - cis-1,2-DCE
4o TCE 2. kR (& B A %4-B 5.12(b) ~ (€)% (d)*T % I > # 5.6 7| B LR i) > H
AN e R TR TCE 22 JE B &3 » cis-1,2-DCE =t 2. % trans-1,2-DCE #
=, o

FOX W E25m AR E L EAR R IFE3ISM A B R E S 14 2 4
2 % (35 m Ak B 2.5 m A )ip £ (] 5.12 (3) > F1E B2 SWO08 *t & 47 fc 2
kAP ABE > m TCE Z4 3AR(1580gL@25°C) 7 # (1.179/L@ 25°C) £
[34]”“#‘5%‘“‘” Fri ™ 3.5 m TR 2 kR R 2.5 M B o SRR F R TS
Fr A R VOCZ Ff BMEM W FE &Rz 5 5> # VOC iz
b 2 Fﬁ%ﬁv prh s IEXPID A Ak fos ok kP R TR AR
B LEHNPIDHEATR Y ZBE AT E P LB E w5 4406mm o PID # F &
PF g S 330mL/min A FEEE NI 6mMy SR FHERFRAL AL
Mo BT EEL S 3R MA I F 2 MAQ26mMI) 0 B3 BEIE A2 %ﬁﬁc
NFF Al f > SdHki BT A20226ml 5 BRI 1AM F 2
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2% 1330 ml) e gt ob o g B2 2 4 7 MES9500ml > #5285y Bih
2 H M AR5 830ml SRR E T 22 P B FRFRFIH S 041 m
z_# ? P\ qrgg;ﬁg o

% # PID>>25m At FHH2 B FEFEFT I E BB E35MFLFERI
KA Fint g R ARRR L R 0%%%%%2L%7F¢&“ﬂ 25
VOCERZEHLA » 5 0P 2§02 RFREERVOCH k9 35 &
HArE g R FBE Y 2 VOCH T 2 ik aREiRRY - 1T g
B RFERE E Y AL 2 VOCHPIDR F R g2 B4 LHP1 25m
Fee o 18 SSm@VOCAiq_%:}ﬁﬁf 2B A7 2.5 m iRl F 2 5 VOC § 3%
35m w-e

%M%ﬁ&%’ﬂ%ﬁ*ﬁﬁw%ﬁﬁﬁﬁﬂQﬁﬁ%%Pmiﬁiﬂﬁ
oKt E k- i s gwﬁﬁ4¢a’wuw¢¢%¢%*&ﬁ#ﬂﬁ
o A EMEFEER S PR IET A £ g N BE k2 Ed o Fla i PID

WA e s kR 2 BRSPS %ohwu % 14 = PID ** % Fi#® A 1 1 2. % VOC
ER AT > S0 > H 0 X F B¢ TCE 2 0k A 971k 2 1 B % (57 ~ 90 %)

% 14 x TCEB ™ 5 1 & VOC 48 > fe H kB #7ik2 1t b (38 ~52 %) » ¢ ik
B R R B T SRR A R Mo

BB NEEENL P TEFI4 X8 PIDS 0% 2 % 14X 9rc b2 5
Bofrdrer mE@r REAREB2ZER T 50225 14 < PID »1E#
CHERBSIZ0 OF O §1 #5007 LPID IS SH T
FPEERERT FXFEH PR

2P Loz KRR 2304 o e Bk~ AR E VBRI B {odk B sV R B TR R
2.k R 'Y % Cis-1,2-DCE #% > TCE =t 2. 2 trans-1,2-DCE & i% o pt ¢k » feie 2 fx
2 A E VR R AP trans-1,2-DCE » WA 6 5N HR ik B p 1F Ak & (0.319
mg/L(E R 4.8 m)% 0.426 mg/L(;* & 5.4 m)(B] 5.13 (a))) » #cix 2 % 0 = #1ip| ¥
Cis-12-DCE 2 TCE 2 )k & %" % 14 X 3 (B 5.13 ()% (C)) - ##frz -k k& ¥ 2 jkix
B AR EERNORIPERE > Rl - RmtEL 4454 minY Fl L MG

AFGFFIN G 15mig Aw&&&@& Kfme Mt R 42 m Ry @ F IR
BERBRIA2ZMZFREFHEE 5 U A RPN EERORB N ERE B2 R
BREGT BRABMIE  Gl4ciFR 42 m rdh # 5N H R BAp AR S S 5 B2 TCE 5
0.454 mg/L vs N.D. - cis-1,2-DCE 17.634 vs 18.655 mg/L (RAD = 2.8 %) - trans-1,2-
DCE N.D. vs N.D. (# 5.6) - zx: #p¥+-T 327 £ (Relative average deviation, RAD) - ie
48mk> A F W2 feE LeH & o d WP d B EHFFIRE 2 HRERER 45
Cm o AP E N FREE (Tem) g BIFRFFRE ARG IREE £ HE2
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¥ 2B
FEREA > FRE L RS AR PREART N ERS ARG S RRER G
ArE B oo Rm E b iR 4.8 m euiicie F B R VS AR E 2N Rk R 2 Bicdy 44.910 vs 37.194
mo/L R#deiT > 4R A8 MaTA L 2 AR VR FRBLZFTLES - T

54M o= AR ZTEF 2R BN G B RABM (L% 56)-

PR B 2 AR E R BT T 2 0k B Bcdr 2 RAD ¥l 3 4% (B4
4.8 m e RAD = 0.622/16.291=3.8%) > B m A& KB E 7 3 R 2 s ik
Fooo b o AREOSHRE B R B N 2 #%ﬁ”;MEN’f‘NDﬁ@%
(GCIMS %~ 477> 72 2. VOC & i 2 & &2 5 0.0010 mg/L) » ek Nk ik B v EH
Pz 5 LR B4 5.4 m EieiE Bk E AR H Nk B2 trans-1,2-DCE %
TCE % % N.D.» fe4hds ;S 34 Bp)p|1F 0426 2 0.721 mg/L » B 1 4k o 3N 4 4 B
¥ w‘Jf«ﬁiliLﬁ Fk R R
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456 B HLE

] SWOB i s 5% 2 s N Ak frX e frd KK 4 F AR 2 T OREE A

Portable PID Low-flow sampling Passive diffusion bag Passive sampler (OD 1")
Placement depth in
Well .
aquifer (m) trans-1,2-  cis-1,2- trans-1,2-  cis-1,2- trans-1,2-  cis-1,2- trans-1,2-  cis-1,2-
Responses® TCE TCE TCE TCE
DCE DCE DCE DCE DCE DCE DCE DCE
i 2.3 116.5 967.1
Soil gas 25 35601 - - - - - - - - -
unsaturated +0.7 +31.9 +146.6
aquifer 0.4 46.7 60.9
. 35 712.0 - - - - - - - - -
(unit: ppmv) +0.2 +18.5 +24.7
SWo08 57.129 2.147
4.2 - - - - N.D. - - - - - -
(t=04d) Groundwater 18.185 +0.150
saturated 53.133 2.020
. 4.8 - - - - N.D. - - - - - -
aquifer +1.522 +0.070
(unit: mg/L) 30.126 1.588
5.4 - - - - N.D. - - - - - -
+4.813 $0.101
i 4.1 341.6 376.4 7.9 52.7 142.9
Soil gas 25 11374 - - - - - -
unsaturated 0.5 1125 2.7 154 +13.5 +25.8
aquifer 5.2 441.7 274.6 45 75.6 105.4
. 35 1567.1 - - - - - -
(unit: ppmv) +0.7 +6.5 +7.6 +2.3 +59.2 +59.9
SWo08 17.634 0.450 18.655
4.2 - - - - N.D. N.D. N.D. N.D. N.D. N.D.
(t=14d)  Groundwater +1.921 +0.049 +0.189
saturated 44910 37.194 16.291
. 4.8 - - - - N.D. N.D. N.D. N.D. 0.319 N.D.
aquifer +2.043 +10.046 +0.622
(unit: mg/L) 7.765 10.871 0.426 6.527 0.721
5.4 - - - - N.D. N.D. N.D.
+0.087 +0.200 +0.059 +0.110 +0.065
:x: @ Calibrated with Isobutylene gas ; “-” = Not available ; N.D.= Not detected ; Sampling number (n) = 2 (note that PDB sample were distributed into two sampling vials, while duplicate samples were obtained from specific sampling

depth for other two methods)
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(F15.14 (F)) » I B4 % % 10 & 48 &K 5 58048 240 9 545 (B 5.14 (G)) » 34 =
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FAFRRFRIRFREIEERFREREE RS BT TR

(O)

(M)

B 514 LBSFnioed RN HERBEHEEBRRELR ()

A MER AR W R Aok e fr s KRBT H I A5 2
B EZBERS TRV Aok 5T T o it R frs ez ok Yk
BAEEE FZ2 RV M h4rB) 5.15 11 o

HRFH A e kA > SN PID YRR 25m AR FH 0 % & %
14 = 2 % VOC k& A w5 0.2 2 0.1 ppmv (%) 5.16 (3)) » i&— # %< # X PID Iz
B2 3§ ®F 8k 54 47 trans-1,2-DCE ~ cis-1,2-DCE 4 TCE 2. jk & (% 5.16 (c)
(b)2 (d)) > 2 ¥ TCE 2 kA % & > Cis-1,2-DCE = 2 % trans-1,2-DCE % 4 » jt ¢} %
00X % 14X K& frg REFR 25m A HF R Miks4A 172 kR 23> PID
ZFE(RBT) 0 N E L4 RS F iAo T PID 2 B R BA
12 kR ZIRF 2B PR F 2] BN HEE B TR L 143 mEF
M2 E ok F R RS R B LR P RCL 0 R A 2 E A A T R
T Ak B SN B2 RAD /%0 9.7 ~15.6 %R > A4ER B F R PID 4 B 2
HF BA kR (R 5.16 (b) ~ ()2 (d)) -

Efez k2 3me o e B -REIERRZ RE SRR THERSA T2
DB EIZAT £ BT 7o 0 ANRAR 6m ketrans-1,2-DCE ¥ § Ak d sV ER R BRI H Ok
B (%] 5.17 () ; cis-1,2-DCE *%44 #5 % 4 $8 B A 45 2 & & (0.0371 mg/L)+* ik 2 5
$(0.0016 mg/L) % (7 20 ) » 4c [ 5.17 (b) ; TCE 4 452 ik & ]2 cis-1,2-DCE 2
Bedp e o 3t 6m Auitds 44 B o119 2 ik B (0.0609 mg/L)#E (1 41 ) 5 @
AP N B ERIE TCE > HER 5 0.0017 mg/L (s #> 3% 4%+ B #rip) 7 2.k
B% 536 11)-
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3 8.5miFR ke trans-1,2-DCE = fa4 > 3V % ARIF B S50 > L
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B BRm AR S ER AR R AR E S R AR BT L B RIAR § - Ik B4 cis-1,2-DCE
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257 LBHR TR GWO3 LN 2 4 N Abrfod & fos k& 2 F A2 B T KA {5 icdh

Portable PID Low-flow sampling Passive diffusion bag Passive sampler (OD 1")
Placement depth in
Well )
aquifer (m) trans-1,2-  cis-1,2- trans-1,2-  cis-1,2- trans-1,2-  cis-1,2- trans-1,2-  cis-1,2-
Responses® TCE TCE TCE TCE
DCE DCE DCE DCE DCE DCE DCE DCE
Soil gas
unsaturated 20.46 39.20
. 0.2 N.D. - - - - - - - - -
aquifer +2.15 +3.13
(unit: ppmv)
GWO03
(t=0d) Groundwater 0.0032
6.0 - - - - N. N.D. - - - - - -
saturated +0.0001
aquifer
it: 0.0035 0.0692
(unit: mg/L) 85 i i i i N.D i i i i i i
+0.0001 +0.0026
Soil gas
unsaturated ”s 01 0.67 2.13 4.78 7.41 8.76 16.39
aquifer ' ' +0.02 +0.03 +0.07 +0.72 +1.06 +2.55
(unit: ppmv)
GWO03
(t=14d)  Groundwater 0.0016 0.0015 0.0017
6.0 - - - - N.D N.D. N.D 0.0031 0.0371 0.0609
saturated +0.0000 +0.0000 +0.0001
aquifer
it: 0.0020 0.0041 0.0047 0.0248
(unit:mgL) g5 - - - - N.D N.D. N.D. 0.0064  0.0136
+0.0001 +0.0003 +0.0006 +0.0009

:x: @ Calibrated with Isobutylene gas

; “-” = Not available ; N.D.= Not detected ; Sampling number (n)= 2.
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»la

Ll Bl

Saturated zone

GWO03

B* 2t

Unsaturated zone conc. (ppmv)

0 2 4 G 8 10 12 14 16 1% 20

Depth from top of well casing

PID-trans-DCE
PID-cis-DCE
PID-TCE

1 —0— PS-trans-DCE
—C0— PS-cis-DCE
—>— PS-TCE

G=1jm

—a— LFS-trans-DCE
74 —=#— LFS-cis-DCE
—»— LFS-TCE

PDB-trans-DCE

PDB-cis-DCE
8 PDB-TCE
—a— PS-trans-DCE
T¢" —a— PS-cis-DCE

—»— PS-TCE

@®ix

£
T

9 r I r I r I r I r I r I
0.00 0.01 0.02 0.03 0.04 0.08 0.06

SMEAME Saturated zone conc. (mg/L)

B 515 A HE3FnEplY GWO3 A&{rEtar oy R E 2 P&t AT 14 < {897

B2 RREY IFR AT MG
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°%7 ) [ JPID(t=00d) 1) C_JpiD(t=0d)
[/ APID (t=14d) [/ APID (t=14d)
Il Ps (t=14d
0.204 87 ( )
_ =
s g
§ 0154 \:}I 6
Q
8 e
5 0104 2 A
.E é
0.05 27
0.00 0 ‘/
25m \ 25m
Depth (m) Depth (m)
25+ © [ JPID(t=0d) 07 (d) [_JPID(t=0d)
T [ APID (t=14d) / /|PID (t= 14 d)
PS(t=14d =
ol J Bl s ( ) ol I Il Fs (t=144)
£
g 15 7 %0
I g
8 =2
& 104 B 204
“,7 [
2
S
5 10
0 0
25m 25m
Depth (m) Depth (m)

F15.16 L1534 5 f12 GWOS 4w fr§ -k & < 4555 LS 1 4 ip) R (PID) &2 4k 3¢
FAR B PS4 47 5 % 2 v i

[ JLFs(t=0d)

0010 [ JLFs(t=14d) 005+
(@ I POB (t = 14d)
Il Ps (t=14d)
. 0,008 0047
A —
- -
4 E)
E £
S 0.006 s 003
8 g
8 w
8 Q
& 0.004 4 D. 0.02 4
a9 N
: o
2 kS
g =}
< 0.0024 0.014
0.000 0.00
60m 85m |
Depth
[ JLF(t=0d)
008 [ JLF(t=14d)
(c) [ PDB (t=14d)
0074 Il Fs (t=140)
0.06 4
3 005
£
g 004+
8
8 003
2
0.024
0.014
0.00
6.0m 8.5m
Depth

(b)

[JLF@=04d)
[ JLF(t=144)
[ PDB (t = 14 d)
I Ps (t=14d)

Depth

B 5.17 L HE3n Zpl¥ GWO3 ¢4 7 -k & ficie 2 (LFS) ~ AL 3% #h4c4 &k K (PDB)
7S SRS R (GNP - PAR U SESREE
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Pk PR R N R ETE L ER T A RE A 2 rF L ER S
BOHARFIT R AREBIAREZTAZFAREET  VELMKEZ VOC A 4 i
RO THWBIERS R HHEET 400 2 BEES 2 TE L B RE 2 M
o 2 GER S AH LS VOC hirz R AR JLK o 30 At fok 2 § 4
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56 2%/

AR ARYZTEAR Y AP NEE R NBE RS A
B A1 BRI AR BY KRR > £ PDMS X 59 #;fr ¢
ZFFTRA T AR FREFRERAEZHHRRBET FE g
BREEERER P ABERY R ARRE R I -5k R F
Forte o URREREY KBRLEEI APHLE KB RAEGOMAET
ZB R R ET BE B R RFLY 2R R aE H B RIE(GHACEIR)T E R
ﬁ$6’W?ﬁ@PMMﬁ%ﬁ@%’%ﬁﬂ%iﬁﬁﬁ?ﬁ@&—ﬂﬁﬁw“
HRELEF o kP TCELHRBEL i % > FREM kg TCEER #7152 T
G R > 2 2t 3mg/L~25 mg/L TCE (k& # ¥ > kR B4 g 2 T i 3
>10 % o pteb s WA ARY THEE REFREE 14X > MEREEVE Y 2 TCE &
B H 5 005~150mg/L - 5 48 TCE S B B2 =7 % ® > %14 49 TCE k& §
FooF AT R PR -E 2 T v 4p TCE DR A 2.6~26 mo/L [/
'@F@ﬁﬁﬁﬁ2%owk’%421420%\&%1£w\%/§wkgww
50342 #i720°C T2 2 Fx 3 I ¥ HE 034 Pt BB AF R 2@
R e T HLE - KRBT RFFAS AP LB o SRR F AT
HoERIMEFIEERETR BRI RTFTZTERR iR
AFFBRFALFTFINFRE F I AL TN AL BFL TCERRA T HRE
B R RAR RO L BN R BBy R R U g R A R RS
BB NERTFEAA LB B WHREHZ A E ABFREFRE B
TR MERZERES T ORGSR EEVRELSITRARIE A
CERA VRIEARNERERRE R B2 RIELMEFLER YR ERY
B2 FEREET O ZARE S L MERS AR BN ERE 0 £
VOC idcz. B8/ B il o $5 R eefok 20 §F M54 > BT 350 PID 2 4k 97
Mxﬁﬁ%ﬁﬁ*’m@ﬁ&ﬁW\&%@hMh’ﬁﬁipﬁfﬁﬁﬁﬁﬁﬁ
A EBGTER TCEX R frz kA2 AL =8 R > {75 2 HEXSTCES 2

R E e
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REfd  (DERA 31328 A0 T (Fmd i )
(QE RIF T HB S E C RFPI G PR AR HITF AR FR

e R

HHENGE 1 2vd kg 2 vFER 4041 mE B3 H rER 1 6.142m

HoRFER $2101m FoREEAE 14258 o H IR pER

SUEAHE o 4] 5% : geo-control PRO F ki 5 0 0.114 L/min

oKD E R Ri-kviER $52m HEER 15m

kizmtE 1 0413m ki F £ 051 RHERELRHES C 5min

et BanpE o1 14:58 e F A pFRF L 15:25

REERRERD
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(2)0.01N z & it 4maip> 25°C T 2 T R Pl 5 ¢
2R Bt 25°C T2 T RBEE S
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[1343 ~ 1483]

L Y .
B s -
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@) Frafr 2§ Rr2iE:

‘ﬁ' E;’ ﬂ_, l:(ORP)*E-—:E“Q *&J_ —V;g lf’; .
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&

B2 g it RBRT =

102



lﬁ-ﬁ-—

KR S
Aok ki FrRR | R kER
R TR | B3
e Y #F | FR ~|pH & T Cké -4
. wAH) (uS/em) | (mg/L) .
(L/min) | (m) (mV) PR~ R
(% %) e
0.114 |4.493 1 6.9 1370 3.78 -97 Vi
14 : 58
CERD
0.114 |4.485| 0.684 | 7.0 1380 3.63 -101 Hew
15:04
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B 2.5,35,4.2,4.8,5.4m 109/9/15 16:00
R E FHRBEP FELT ¥ v 2 jedr(N) R

Yz

109/9/29 12:24

HHEELG LT HEF A

BB R 013 % 20 pF

SR

PRI B R E Y S 0 TG A

KR Sk
BEER| EA g | ag |7 ER
n g ik R UAS e oH i R 3
(m) (°C) (uS/em) | (mg/L)
(mV)
109/9/15 | 15:25 5.2 29.6 7.0 1400 3.62 -125
109/9/29 | 13:55 5.2 28.5 7.0 1370 3.48 -134

R F SR A Y AR R B TR 2 Bl -

106




EORE B TTORIRE M WP RE SRR EHR R EL

ERY ERRE SRR A (m)

(A) © 3 -kaiERE 4.075

(B)% & EI%iER 4.6
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