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Abstract

Abstract

Petroleum hydrocarbons leaks from oil pipes, storage tanks of gas station and oil
farm can contaminate soil and groundwater. The main R&D concept of this project
integrates two key technologies- regenerative adsorption particles (RAP) and
hydraulic circulation flushing soil remediation system (HFS) for on-site light non-
aqueous phase liquid (LNAPL) remediation. RAP is the activated carbon-based
material, and doping with noble metal oxide thin-film. RAP has excellent adsorption-
regeneration and redox, so it can be applied in treating VOCs and the organic
pollutants in wastewater and groundwater. According to the characterization of
LNAPL pollutants, HFS combining pumping and recirculating, flushing, and air
injection with mist atomization will be conducted. Therefore, HFS can remove the
pollutants in gas phase, oil phase, and aqueous phase remained in soil and
groundwater. Combining HFS and RAP, it should have the significant removal
performance and improve the remediation efficiency.

A pilot test study will be conducted in Lin Yuan petrochemical plant of CPC
Corporation. The major pollutants BTEX (benzene, toluene, ethyl benzene and
xylene) dissolved into soil and groundwater and migrated from a LNAPL source in a
sandy aquifer under this site. In this study, the site background information about soil
and groundwater contamination was investigated first. The background soil pollution
applies the data sampled from CPC in 2018, which TPH (total petroleum
hydrocarbons) concentration of 3 sampling points are all above the soil pollution
control standard (1,000 mg/kg). The background groundwater pollution applies the
data sampled in 2021, April, which TPH concentration of 3 sampling wells are all
above the groundwater pollution control standard (10 mg/L) while other items meet
the standards.

After upgrading the explosion-proof electrical control panel, the HFS pilot
system has been normally operated on site since Aug 12, 2021. The on-site pilot test
was separated into two stages. For the first stage in 2021, using HFS to have the good
hydraulic circulation and flushing, and RAP bed was installed not only on the ground
to treat the VOC of vent, but also in the recirculated water treatment system of HFS
to treat groundwater. For the second stage in 2022, RAP bed will be installed inside
the monitoring well located in the influence radius of HFS. Therefore, the pollutants

remained in the soil, groundwater and vent can be removed. The real operating

conditions of HFS system such as the flowrate and accumulated pumping flow were
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recorded during the operation of pilot system. Furthermore, the influence radius of
HFS was also tested, it is shown that the significant drawdown curve of groundwater
level occurs when the pumping flow of HFS system is shut down and then restarted.
Furthermore, to evaluate the remediation performance of this pilot HFS and RAP
system, the sampling and analysis of vent, groundwater and soil were conducted after
this pilot system is commissioned. Up to now, monitoring about 5 times of HFS vent,
8 times of groundwater and 2 times of soil were performed. Although the TPH in both
soil and groundwater are still above the pollution control standard after 5 months of
operation through this pilot system, the outlet vent after RAP bed shows good
performance. This may be similar as our experimental results of toluene degradation
in the lab, that is, it shows the fairly desirable VOC removal only by RAP and air
oxidation at room temperature. On the other hand, examining the monitoring results
of soil, it is shown that the recirculating flow has moved the pollution in the soil to
the nearby area of HFS system. Therefore, it is expected that integrating both HFS
and RAP technologies on-site could reduce the remediation period. The further
continuous operation and monitoring of this pilot system will be performed to

evaluate the overall remediation effectiveness.

Keyword: Soil and groundwater contamination, LNAPL, Regenerative adsorption
particles, Hydraulic circulation flushing soil remediation system, VOCs
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THC removal (%)

90 N \ \ —
80 Removal efficiency
70 85%
60
50
40
30
20
10
i 0 30 60 90 120 150 180 210 240 270 300
B Fa] (min)
B 5~0:+RAP ¥ F XXM AIRE R-1
%3~0:+RAP ¥ F XXX AIRER-2
B i vVOC CORE CORE T
(min ) E R F (ppm) (ppm) (°C)
(%)
30 96 42 1 14.2
60 92 43 1 14.1
90 86 44 1 14.0
120 83 43 1 13.9
150 84 108 2 13.9
180 83 129 1 13.8
210 83 136 1 13.6
240 86 139 2 13.6
270 86 140 2 13.6
300 87 144 1 13.7
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spray tower
= NH3 inlet conc. = 1000 ppb, spraying water ph=7
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“© D=20.7 micron
B — — — D=28.4 micron

b gsoiquerae | |  IfFY W |TT======= D=34.1 micron
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(a) HCl inlet conc., ppb (h) retention time, sec
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4. PR E BT EAEBH

(1) ZakFa 3] © L3ERIT K5 R G540 -

(2) A% B # 1 2012/12/21 °

() Wt & AR ¢ B TR A PR 8 BALE AR B LR

(4) Fhbbhk * HHETHREEHRE T E¥E BB =5

(5) Hhbibik @ HETHE G LA KL 1823 ~ 1824 ~ 1825 ~ 1826 ~ 1827 ~
18281829~ ¥ Z £ 1068-2~1073-2~ M E = /N & 3634-0000 ~ 3634-
0003 ~ 3634-0005 ~ 3634-0006 ~ 3634-0007 ~ 3634-0008 ~ 3634-0009 -
3635-0000 ~ 3635-0001 ¥u3E » 3t 18 M3k o

(6) £3E A F4 - K 7,680mg/kg s F R 3,700 mg/kg 5 484 ik s ibb
32,000 mg/kg °

(7) ¥} FRF £ K 264mg/L 5 PR 33.6mg/L 5 2% 303 mg/L; W&
{65 0.097 mg/L °

(8) FHEBLIN : RIFAL B EAE T TR S A AR ETH ~ K~ TH~ Ak
ToM s H=—F R H=_FX #z%ﬁﬂ%ﬁ&ﬁﬂé%ﬁ%@o

5. PoRERESER L
FPHHREA BB EARTES B »ALRE - HHEANAE L
EEAE 15 %Jﬁ@ﬁm/&@_i?él FRIHE/RMNILERAN > P

20 AoS @&?%ﬁl%’%%% Nl 1 Nt RN e F - BNl
m&ﬁmmo @m%”’”%wl%'*'@mﬁ%fﬁ%;%%L%‘

—@BIFIALTIGR PR EEE  FZARNAFEANFT BRI - F _BiitT
%‘%:ﬂw TEETIG FZRABL IR T RIBEER  wiga N A F i
RBIG-AMSAET AR T MLy MZRENA HABB RIS A
WAL T MM TIGRE X BRI N @IS ) T35 A8 KE
GE -~ ARARSE S RATEAY - BERNERE A - &Rl A EHM > R
14 100 HHEE - EAKEE > HR1AE 200 HiEE ~ 300 HEE > @HAIAE
—F R E A E YA AR E R IuR bR S R LB RN A T2 RAE
HERKb - BERE - BE G -HHBEREREHTIGE -

PR E R E EIEIRML S AR AR BIL R A X R RARY
RE 16 MiEHa % 42 6431 \%ﬁﬁ’jﬂ—_i“wdﬁiﬁ%liﬁ RRAR-F Ak 3 E Y
M ENBRBRBRLIY  UEARBIEHEES ) FHERBEARNYI Y £ b
BIETGWM —F RGBT SR IIG A AN — - S a2 EN
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= BRRBTRAE GG F AR

£ (DR 65HF 12 A 69 F10 AR 103 7 A EXEH) > —F K
SEETIGAIE AL BB R BRI s = H R X2 BT HISERIIGE
B2 R-_FRRFREMEAEN EEILBEZIHR_FRRH_F X > N 69 HF
10 A EXE# o

o EBREEAERREMNEZRRA T BN KRG > 15185
WA EaA s BRh el TR E LA LB A T M
T oM EARE S R F R H o F R )Rkh - PRIZMAE T4
FRERESG-_FRE - EMPIGERAZIREHRESFRE4-

bk BB DR MBI S TR 2R A F AR s F — kit
IR FZME =T ~ B R AL THRA T > IRAARE T
B ALE 15
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JB FA T B A o [ Bk (RAP) S B2 %

™E

K I RAEIR H B(HFS) X R LNAPL 75 2 3R BT K

Z AT RRER) SREIGALEFERAZRHRE BBMAEL

e ) = 7 L
TiER Kk e =\
5 51 e (/%) %8 A B (N
)
¥ 137,458
% = | gz amrs . . W R 225,089
@ F=H R EL 028,759 1 262.927
RA—F % 403,285
kil 279,011 % 114,344
#— it TG Cc9 145,410 A g
A 9531 RO 269,902
WRAL R 10,569
C7 45221
F— RN BT - - R 8,354
, B 478,802 .
5 - (%1%) e C9 67,281
o C10 6,652
’ H_FX 264,000
YRAE R 11,042
C7 47,246
F L o " ¥R 8,728
p we= 09,260, p
(R1%) e G250 C9 70,294
C10 6,950
HoF R 288,000
* 144,836
T S 269,593
REFIE T . 1,136 . >
FRTE 7 4k 136070 e ey 550,476
3B 171,165
. E3 103,666
- — A T (A % 472,0 — >
% = i 71 (IR AX) ¥ 2R/C9 72,085 YN 357.461
Kz e o — 9 R
# = B AL (TR 4R) - * & 1,380,786 BAZF X 1,342,115
ER 1,970
FEL TP . " RA=F X 1,810
, &= 1,833,5 _ — :
(B 4%) e B oIg=w 308.000
B=F X 94,400
BB LN 467,784
R Eh(EoW AR R 172,572
79 5 i 2 AR T35 - 1,324,731 : 2
Fedein R 5) 7 e 48 7 Ji 92.856
W g PEFE 237,396
il Aok BALT B AA 459,900 ot 456,396
169,068 T =% 76,212
T M35 V9 B RS Y7/ T M 2 AR
M T35 % ;}m/T}fﬁ‘r—’ﬁé} 90.228
T 800,000
7 ¥ 487,000
FREHEBIY & 5 b B 2,717,000 | mwisid 364,000
RigAoh 519,000
PFO %} i 107,000
o= | Ak RMeTH PR 526000 O 46,000
i ¥ KIS 328,000
_ T= 143,400
T M T3 9 B IS S s ”
s ” 391,600 E i 230,600
£ 250,200
e e - R 198,600
FHIRIY Eped >
FESE 7 7 A 819,500 AT R 157,600
HEerih 211,400
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6. TR E RS RIFALRA

PHHRERREZZFTERRAZBAERZ AR NERTAH 40 £
EOH S RBHMTESREE SRS R LB R CEEETER
WAEVE% -

HERAEREREHET BT T LY @ CFRSTXK
BRUGhmaibeth T RKFZFEMAELER F R a$‘;?
R UG hm s by s sboh > Rigu 4 & R{EM MTBE % » &3
PTG RIS < AR AT LRI AGTRAR AR R R92
RERERREFRAERS

ﬁatv
-
24

%J i

M%ﬁ%

%

%

(1) Ber L3575 %

WRIE T AR E B £3B R T K5 EAERFL R R M E B G L
AT Z BERERBE T RN EBAEMEZAR -FR LK =F
KRBT hw aibbW > Y5 LB E AT 2~6m ° ¥ TF KA
SEEEML AP X 4-5m A GEE ﬁx@@’ﬁxfﬁ\ﬁi%ﬁ
ANERE  wisad R e 200 B8 EILRAIKE - F—amy —wai -3y =4
7 4] ~ ﬁ@?%ﬂ&ﬂm&ﬁ@%ﬁ%ﬁ@,ﬁ&Wi%z%TKﬁﬁ%
Al & X &&Eém bt x Eofn i 26 wismd i 200 big
BRIz~ F—mly —mf sy A BERILAIEES  LEE L
%W%Eﬁkﬁﬁ+°

AIFHEN 103 F 2 AHATE — BB EN 137 B 132748 E > o
#IB B % VOCs ~ TPH ; ZAEBE 103 56 A 1819 B » 375 £ E
R E 15 0 1ERBBMPL~PIS) BT E_ERBEN LERAS - 5
#1E B A BTEX TPH Bt & W X3EAELmF RE 17 5L 6B #EF
AE 18-

(2) BT ART S

RIGHEA 103 2 A ~103 F4 A BITHRE N H — PR EMETF KT E
FEMEE > HRAF R 48 0k BN 10356 A > A5 LA SR R6
O T K38 & B AL (NC6-3 ~ OW-128 ~ OW-149 ~ OW-102 ~ OW-113 & OW-
121) > 3BATH M B3O TRFEAE > sbih > AR —afly —mxib
TARAFERFERERE 104 F 1 A 14 B 23 BETHIAZE > 54
JER B R Ibfa 3 6 O R ERIBE A 3 DT KB AAEZEA > BB
% % VOCs ~ TPH ~ ZER 488y o
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JE R T F A AR i BB R (RAP)#SBC % 15 K A1 0 SR 1 3% % #u(HFS) £ &% LNAPL 75 % 2 H3E B30T K

HEENTRKTLEAELERE T RMENTARKEEZLE Y FEX
LR ZERB B mmn s fbeMmm i  REEAG X RV WA R 200
HEILRIZE ¥ — =5 HIE TR~ 5 — 4% w3 FIE T35 & Al
B itz =@ mERILMERLR  FRILEE X Z/aN
FoERERARARBRE RIER R T LEE EZ/MN T AR
42 & ] 2 Jb 4R A BB B RG] 5 48 & ha 84664 (TPH) /5 £ 2B 7
F—WBRF AT AR E A mEda A 200 hiEE L
Iz R~ B E RIERFwE s 25 LR X F i wiga dfl & 200 g
EIbflf] - BB T LB R EHELFLE 19 -

% 5-ThahBER, T2 MR HEER

- R REeRE | BHARE | REBFTHRE/SE N
£ 14,800 5 2960.0 mg/kg
F R 13,900 500 27.8 mg/kg
EX: ¥k 2,660 250 10.6 mg/kg
—F X 16,500 500 33.0 mg/kg
B g AL b 94,300 1,000 94.3 mg/kg
£ 61 0.05 1220.0 mg/L
F R 18 10 1.8 mg/L
#F K XK 9.51 7 1.4 mg/L
= 1.01 0.4 2.5 mg/L
T 8Aee 279 10 27.9 mg/L

0 E R RRARE TR AR RALT A R A AR R -
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(=) BIFg%ER

A BRGNP B E B 100 b E £ LY-109 dRI(GE R B 20)°
RIGMERRAFRE 21 BB LB R T ARTLBENRALT o

1.100 ;HABE 385 £ FEH

PR R 100 A E NG E L3R T AR BB B A R bl S5 B
(S03~07) ~ 100 /h 2 & 9 BE(S08~16)& 3 = 4a R fAl 2 BE(S23~24) > L3E T HAE
REM R ERERR 22 &k 6° A& 108 = 8 A E A& F 1254 S13 2
TPH A14.(1,940 mg/kg)#8 18 & #4Z & -

2.100 ;BT K5 R

By rE P AR E B 100 A2 B BRI T KRBT > #0043 B B EE X H (NC8-
E06 * NC8-E16 ~ NC8-E01)i#4T B 8] » B R (E R & 7)% 5 A % - Z & TPH
BB EFIAR A K 2L 109 4 1 A BRI NCS-E01 #8436 F /K 3X(66.3 mg/L)
A TPH(190 mg/L);E E i » ¥ F KRR TPH /7 £ s A EFRLE 23 A E
24 o
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%, AN

JE T A R B I BB RL(RAP)SBL % /8 K 1 ik e 3% 4 40(HFS) £ R % LNAPL 75 £ 2 H3E R TF K
& 6T PR, 100 BHELBRERER
FERRE " i " _ TPHg TPHd
%® |Hmam (om) i3 zE =F% | ceco |cro-ca) | TPH ES
TRFRENRE 5 500 250 500 - -
105.08.18 | 430-450 264
106.03.01 | 530~550 456
S03 106.11 530-550 560
(&3 [107.03.09 | 530~550 997
1) 107.07 480-500 1,140
108.03 580~600 ND
108.08 | 530~550 | <0.40 <0.40 <0.40 <1.20 239 8,730
105.08.17 | 480-500 <0.40 132 7.7 1,340 243
106.03.01 | 330~350 | <0.40 <0.40 107 37.6 580 4,720
S04 106.11 430~450 | <0.40 <0.40 <0.40 <1.46 ND ND
(st [107.03.09 | 430450 | <040 <04.0 0.88 2.63 857 1,760
) 107.07 280-300 ND ND ND ND ND ND
108.03 480~500 | <0.40 <0.40 1 <1.20 596 6,750
108.05 | 430~450 | <0.40 <0.40 <0.40 <1.20 902 13,100
108.08 | 530~550 | <0.40 <0.40 <0.40 <1.20 240 6,640
105.08.17 | 580-600 2.52 ND ND ND <10 ND
106.03.01 | 580~600 ND ND ND <0.30 ND ND
S05 106.06 | 380~400 ND ND ND ND ND ND
(&3 [107.03.09 | 580~600 ND ND ND ND ND ND
) 107.07 | 580~600 ND ND ND ND ND ND
108.03 530~550 ND ND ND ND ND ND
108.08 | 530~550 ND ND ND ND ND <150(60.7) |<160(64.7) | <0.10
105.08.17 | 580-600 ND ND ND ND ND ND ND <0.10
106.03.01 | 530~550 ND ND ND <0.30 ND ND ND <0.10
S06 106.06 | 530~550 ND ND ND ND <10 ND ND <0.10
(&3 [107.03.09 | 580~600 ND ND ND ND ND ND ND <0.10
) 107.07 | 480~500 ND ND ND ND ND ND ND <0.10
108.03 580~600 ND ND ND ND ND ND ND <0.10
108.08 | 530~550 ND ND ND ND ND <150(66.1) |<160(70.1) | <0.10
105.08.17 | 380-400 <0.40 <0.40 <0.40 <1.20 243 503 745 <0.40
106.03.01 | 430~450 | <0.40 <0.40 8.12 4.06 1,720 1,330
S07 106.06 | 380~400 ND ND ND ND ND ND
(&3 [107.03.12 | 430~450 | <0.40 <0.40 <0.40 <1.20 297 <150
1) 107.07 | 480~500 ND ND ND ND ND ND
108.03 480~500 | <0.40 <0.40 <0.40 <1.20 3,120 2,190
108.05 | 430~450 | <0.40 <0.40 <0.40 <1.20 1,330 5,890
105.08.17 | 280-300 ND ND ND ND <10.0 ND
106.03.01 | 430~450 | <0.40 <0.40 <0.40 <1.20 91.2 5,040
S08 106.06 | 530~550 ND ND ND ND ND ND
(100 %  [107.03.12 | 280~300 ND ND ND ND ND ND
RE) 107.07 430-450 ND ND ND ND ND ND
108.03 480~500 ND ND ND ND 10.6 ND
108.08 380-400 ND ND ND ND ND ND
105.08.17 | 380-400 <0.40 <0.40 0.64 <1.20 12,100 24,500
106.03.02 | 430~450 | <0.40 <0.40 <0.40 <1.20 4,120 2,660
S09 106.11 380~400 | <0.40 <0.40 <0.40 <1.20 ND ND
(100 %  [107.03.13 | 430~450 | <0.40 <0.40 <0.40 <1.20 2,940 832
RE) 107.07 480-500 ND ND ND ND <10.0 ND ND <0.10
108.03 430~450 | <0.40 <0.40 <0.40 <1.20 514 ND 566 <5.00
108.08 530-550 ND ND ND ND ND ND ND <0.10
105.08.18 | 380-400 ND ND ND <0.30 47.50 268.00 315.00 <0.10
106.03.02 | 430~450 | <0.40 <0.40 <0.40 <1.20 120.00 <150 175.00 <0.40
S10 106.06 | 480~550 | <0.40 <0.40 <0.40 <1.20 ND ND 732.00 <0.40
(100 % [107.03.13 | 430~450 | <0.40 <0.40 <0.40 <1.20 525 1,730 <0.40
RE) 107.07 430-450 <0.40 <0.40 <0.40 <1.20 2,440 349 <5.00
108.05 | 480~500 | <0.40 <0.40 <0.40 <1.20 21.60 ND <160 <0.40
108.08 430-450 <0.40 <0.40 <0.40 <1.20 39.3 <150(73.0) |<160(112) | <0.40
105.08.18 | 430-450 ND ND ND ND ND ND 64.20 <0.10
106.03.02_| 430~450 ND ND ND ND ND ND ND <0.10
S11 106.06 | 280~300 ND ND ND ND ND ND ND <0.10
(100 %  [107.03.13_ | 280~300 ND ND ND ND ND ND ND <0.10
RE) 107.07 380-400 ND ND ND ND ND ND ND <0.10
108.03 280~300 ND ND ND ND ND ND ND <0.10
108.08 380-400 ND ND ND ND ND ND ND <0.10
R mgkg MBHRSETRBEANRE > ARIRSTBRATRBERRE
2 BRI E AN B BRASD X R BEMA B ES RS 2R 0 B AT HRRET M 0 A8 R 2R RIS
KR TR ERS -

34




= BRRBTRAE GG F AR

& 6T FHARE R 100 HBE LB E R &R )

EHRE @ @ _ TPHg TPHd
L AE-S: 3:F (cm) -3 L3 (%% 3 —FX (C6-C9)  |(C10-C40) TPH %
THGFREHTE 5 500 250 500 - - 1,000 -
105.09.13 | 430-450 ND ND ND ND <10.0 ND ND <0.10
106.03.02 | 430~450 ND ND ND ND ND ND <160 <0.10
S12 106.06 580~600 ND ND ND ND ND ND ND <0.10
(100 3  [107.03.13 | 480~500 ND ND ND ND ND ND ND <0.10
HE) 107.07 230-250 ND ND ND ND ND ND ND <0.10
108.03 580~600 ND ND ND ND ND ND ND <0.10
108.08 430-450 ND ND ND ND ND ND ND <0.10
105.08.18 | 380-400 ND ND ND N.D. ND ND
106.03.02 | 430~450 <0.40 <0.40 <0.40 <1.20 1,360 5,060
S13 106.11 430~450 <0.40 <0.40 <0.40 <1.20 1,960 5,910
(100 3 [107.03.13 | 480~500 <0.40 <0.40 <0.40 <1.20 1,960 5,910
HE) 107.07 480-500 <0.40 <0.40 <0.40 <1.20 82.10 ND
108.03 430~450 <0.40 <0.40 <0.40 <1.20 2,180 <150
108.08 480-500 <0.40 <0.40 <0.40 <1.20 334 1,610
105.08.18 | 530-550 <0.40 <0.40 <0.40 <1.20 469 440
106.03.02 | 380~400 <0.40 <0.40 <0.40 <1.20 565 2,100
S14 106.06 530~550 ND ND ND ND 394 288 54.7 <0.10
(100 3 [107.03.13 | 380~400 <0.40 <0.40 <0.40 <0.40 ND ND <0.40 <0.40
RE) 107.07 230-250 ND ND ND ND ND ND ND <0.10
108.03 480~500 ND ND ND ND 20.90 ND <160 <0.10
108.08 530~550 ND ND ND ND ND <150(52.5) [<160(56.5) | <0.10
105.08.18 | 530-550 ND ND ND ND ND ND ND <0.10
106.03.02 | 580~600 ND ND ND ND <10 ND <160 <0.10
S15 106.06 580~600 ND ND ND ND <10.0 ND ND <0.10
(100 3  [107.03.13 | 480~500 ND ND ND ND ND ND ND <0.10
HE) 107.07 480-500 <0.40 <0.40 <0.40 <1.20 ND ND ND <0.40
108.03 580~600 ND ND ND ND ND ND ND <0.10
108.08 480-500 ND ND ND ND <10.0 ND <160(57.4) | <0.10
105.08.18 | 380-400 ND ND ND ND <10 ND 46.20 <0.10
106.03.02 | 580~600 ND ND ND ND <10.0 ND <160 <0.10
S16 106.06 530~550 ND ND ND ND <10.0 ND ND <0.10
(100 3 [107.03.13 | 530~550 ND ND ND ND ND ND ND <0.10
RE) 107.07 330-350 ND ND ND ND ND ND ND <0.10
108.03 380~400 ND ND ND ND <10.0 ND <160 <0.10
108.08 480~500 ND ND ND ND ND ND ND <0.10
105.08.11 | 380-400 ND ND ND ND ND ND ND <0.10
106.02.16 | 430~450 ND ND ND ND ND ND ND <0.10
S23 106.06 530~550 ND 0.10 ND 0.38 ND ND ND <0.10
3= [107.02.26 | 430~450 ND ND ND ND ND ND ND <0.10
&) 107.07 480~500 ND ND ND ND ND ND ND <0.10
108.03 580~600 ND ND ND ND ND ND ND <0.10
108.08 480~500 ND ND ND ND ND ND ND <0.10
105.09.01 | 530-550 ND 0.11 0.12 0.38 <10 ND 46.40 <0.10
106.02.18 | 530~550 0.11 1.20 0.19 1.24 <10 ND <160 <0.10
S24 106.11 480~500 ND ND ND ND 13.90 ND 64.20 <0.10
F=  [107.02.26 | 430~450 ND ND ND ND ND ND ND <0.10
&) 107.07 530~550 ND ND ND ND ND ND ND <0.10
108.03 580~600 ND ND ND ND ND ND ND <0.10
108.08 530~550 ND ND ND ND ND ND ND <0.10

R mgkg MBHRSETRBEANRE > ARIRSTBRATRBERIRE
E2 AL EBBREBEANTHES > BAFD X R @EMH @B EOMRE BME > Bk S BRAHBEET RIS Lo &R 2R REAR
TREAREFERR -
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JE R T B A AR M FERL(RAP)BEL % 18 K A1 T e 38 A 40 (HFS) £ PR % LNAPL 73 4 2 £3E R3bTF K

7~ Tk EBER, 100 4HEERTKERER

4
Al #3% #ik | R 3 ki3 ZLE | =FXR 2% TPH | W&AE8
g ’ B (m) (mg/L) | (mg/L) |(mg/L) | (mg/L) | (mgL) |(mg/L) | (mg/L)
BB TRSEEHEE 0.05 10 7 100 0.4 10 0.05
103.02 | 3.776 | 0.0023 [ 0.00559 [0.0034 | 0.0375 |0.00124 |0.0614 -
105.07 | 2.857 ND ND ND ND ND 0.413 ND
105.10 | 2.874 | 0.00032 ND ND ND ND 0.264 ND
106.01 | 3.414 ND ND ND ND ND <0.500 ND
106.04 | 3.518 [<0.00100 ND ND ND ND <0.500 ND
106.08 | 2.985 ND ND 0.00218 | 0.02380 ND 0.09 ND
106.10 | 3.310 | 0.00219 ND ND ND ND 0.542 ND
MW-03 [107.01 | 3.500 |<0.00100 ND ND ND ND 0.534 ND
(Gh#E) [107.05 | 3.653 | 0.0265 [0.00314 [0.00131 | 0.0264 |0.00117 |<0.500 ND
107.07 ]0.00268 ND ND ND ND <0.500 |0.00268 ND
107.10 | ND ND ND ND ND <0.500 ND ND
108.01 | 3.292 ND ND ND ND ND <0.500 ND
108.04 | 3.450 ND ND ND ND ND <0.500 ND
108.07 | 3.045 ND ND ND ND ND <0.500 ND
108.10 | 3.134 ND ND ND ND ND 0.288 ND
109.01 | 3.573 ND ND ND ND ND 0.4 ND
105.07 | 3.374 ND ND ND ND ND 0.260 ND
105.10 | 3.463 ND ND ND ND ND ND ND
106.01 | 3.819 ND ND ND ND ND ND ND
106.04 | 3.935 ND ND ND ND ND ND ND
106.08 | 3.585 ND ND 0.00885 | 0.08420 |0.00631 | 0.228 ND
106.10 | 3.773 ND ND ND ND ND ND ND
Efc Mw-06 107.01 | 3.945 ND ND ND ND ND ND ND
& (M E) 107.05 | 4.128 ND ND ND ND ND ND ND
" 107.07 | 3.003 ND ND ND ND ND ND ND
% 107.10 | 3.447 ND ND ND ND ND ND ND
;; 108.01 | 3.432 ND ND ND ND ND ND ND
® 108.04 | 3.897 ND ND ND ND ND <0.500 ND
& 108.07 | 3.475 ND ND ND ND ND ND ND
2 108.10 | 3.514 ND ND ND ND ND ND ND
# 109.01 | 4.006 ND ND ND ND ND ND ND
103.02 | 4.321 ND ND ND ND ND 0.661 -
105.07 | 3.334 ND ND ND ND ND ND ND
105.10 | 3.510 ND ND ND ND ND ND ND
106.01 | 3.901 [<0.00100 |<0.00100 | ND 0.00416 |[<0.00100 | 1.12 ND
106.04 | 4.008 ND ND ND  [<0.00300 ND 0.642 ND
106.08 | 3.476 ND ND ND 0.00500 ND ND ND
106.10 | 3.810 ND ND ND  |<0.00300 ND 0.995 ND
MW-08 [107.01 | 4.010 ND ND ND ND ND 0.732 ND
(Gh#E) [107.05 | 4.187 | <0.001 ND ND ND ND <0.500 ND
107.07 | 3.345 ND ND ND ND ND ND ND
107.10 | 3.323 ND ND ND ND ND <0.500 ND
108.01 | 3.183 ND ND ND <0.0300 ND 0.906 ND
108.04 | 3.958 ND ND ND ND ND 1.08 ND
108.07 | 3.582 ND ND ND ND ND ND ND
108.10 | 3.595 ND ND ND 0.00127 ND 0.874 ND
109.01 | 4.087 ND ND ND 0.00088 ND ND ND
NCS-E01 [108.04 | 3.793 5.42 0.0865 0.26 0.316 0.272 11 <0.0500
(mis@m) [109.01 | 3.998 66.3 3.144 5.984 5.068 [ 190 <0.0500
NC8-E06 |108.04 | 3.437 | 0.0127 [0.00038 [0.0127 | 0.0098 | 0.0234 | 0.584 ND
(miz@m) [109.01 | 3.603 |0.00070 ND 0.00714 | 0.00196 |0.01382 | 0.81 ND
NC8-E16 |108.04 | 3.608 | 0.0384 | 0.00082 [0.00608 | 0.00338 | 0.0082 | 0.332 ND
(mis@) [109.01 | 3.795 1.4 0.0521 1.047 | 0.3756 0.387 5.62 <0.0100

] ABHESHEREATRBE BT RIS EERAZE o 322 kT B8 AR RIE -
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AE KA AE R A S (HFS) X PR % LNAPL /5 2 13 R 3T K
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TPH;’?%%@&&(%) ? @w{l qunxmum 4
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M~ XRRIEFE

(—) FHHERBLED K

ok B R S AR B AN R @R R R - RIZER R
FRBREFRESEME T @ ARG IR BIIRA RIFXRT RMEE S
—ERMER AR B AL B R AR SR ST RS BR
BEomATRGHMERTRER RTE - HEDHERATRERELEY
B &9 B A A Bl R AR KR R B F B R 6 BB AR A A BT e ) RAR
R BAABERI S ARBAE - LERLE - RAVBAEARAEZEREWRE Lo
[ 25 (Salvadoreral.2015) pg 1= o

H 9k 0 T B A AT AR B M 2 ] 6 b g (Salvador er al 2004 sk S iy A A AL R
(Regeneration Efficiency, RE) » 4v X4-1:

RE=(BAKRMZ/BHBEAMEME) X 100% (X4-1)
Type of Regeneration Mechanism
.+ pH ! Reaction/ | Thermal !
Extraction: : . : . Vacuum
i changes : Degradation : desorption :
Hot gases
_________________________ THERMAL REGENERATION
< Physical waves
I ———
< | Electrical currents -~
L
& |Chemical Reagents
g _________________________ CHEMICAL REGENERATION
gg Supercritical Fluids
(=
b : ; MICROBIOLOGICAL
o | Microorganisms
2 REGENERATION
s
B [esm——— VACUUM
REGENERATION

25 ~ s AR R M B F A Boir 5 A
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() #ABAE

B AE B BRM AR RITET R B RS et 2 R 058w Ik B 5 AR
75 e dpy(Salvador eral 2015) 5 2 g grpEis AT ¥ B LB MR R R REIEAS A
WAL Sy Fik o P A% B (temperature swing adsorption ° 5 #%
TSA) AR E R > EMEEAZ BN B FimAEELE (N
He ~ Ar) » B &R T A RITE A » FIBF X Ae R AL & R 6975 224
18 s Tk SR EE A 25 08 R AR 300°C BRI R R &1 B R £, 5 05
B 800~900°C EATHLM > BE B A AR /T Rk » 2B PR RE =
BR-IRRERBIREEF G BRI E  TRAMENEHTH 857

i\ﬁ_ i % ,rigij-'_i(ﬁbin Zhou et al.,2019) ,

(2) RE&R/E

PARAEBNMELABAEFHEIALT E RERABAL—RAABFLES
B2 A EARHHAIHER AT R THTEINERERRPREME S
BR LABLAGBEFTHEATABRTREEI IHRAREMR D EHL AL AHE
FAERE A 2 X RE MR TR N 6975 22 4> 5] B 2L B AL i 4 & UibinZhoueral 2019),

L ;% "%:Lﬁ-i FESHAELEELE B sy (K. Yaghmaeian etal,2014° H. Valdes et al.,2016)
—AEZG S TRERIARMTAA 5 —RESHZALTEHE KB R &AL
heha R amARARABHA (-OH & Oy +) > TRACEFTHERILKAY
&) F A o

BAREABRAHTHEA RFOBFBARE  HHF L ARMS LR A
BAFe) AL R ERBERATRTEREER K DERLY Rk BHE
NRFMREBACERE RGO ERRMEN TR BARELEZRAER
B3 o G £0CM Alvarez et al.,2009) ,

(W) %87 4E28FH
1. ZAB/AFH
LAFERBEEMRILR TS LN A TRRA TR B ddfo & e
B AR Sk (Meandro et al. 010 5 % oy F5 ML E B8 & AL ™ iE R B 8 A Bl 44
ERWARMA ML 0 £ BET 2@ € B ATLURKBRMKRD > 2
SR A E AR MR 0 255 R S AU R B A R T AR AR B AR 1 R R B AR
R R (Alva rezetal, 2009 o Ak Wy ] 18 R B R A A AR B MR FLRAR R e R B AR
A 7B M R B X R M %R d R R BB AAL(FEAI A - OH Bb)sR1t
AR T F R EY > # & 2 & 5 # (Thermogravimetric Analysis, TGA) &
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B AREHSABAEGHET  FHRILATAHIEBZRMZACEZME FE
HRMAES ©

AT A TGA RIS PRI EMREZ Tk PHIAMOARLBSES R E
B gy i (Beltrin & Pocostales. 2009) o £ Aoy i a k@ b A H P St 8/LAE - &
B TERREEMTIE(PHp)  BERRERSLH pH BETRBHFEE > &
SR ATEZ AN  ABROBAFHT  HBENZELAZTARRE X
HAER A ERR EmeyinE AL RE B AN FAEZEROH LBET
pHope * EH AR B M FTHREM R ERERARZ BT AT ERMEART] » R
MERE S T % o

B &

|8 3R A B R AR B 4R 00 S SR B AR B R IL T T S R
2
£

——

S

2. B
jé:

o

X

g
ERBRMERN  BRENEATUAAT S8R 8 dA&(- OH) T A&
RimEs — AR MBENEAZTLTRGTEREEROHRIE X ~ &
M E B o

ZABENRSHTFEAERNHE S ARANEEARAR/ ERREG MG E
RREAM  HAFNAZRENYZLAH =/ A TR AEBTRITHERE
12 K A% B My A\ Jg (Yaghmacian & Alahabadi. 2014) > g5 @ & PR 20 /1 (mg O3/ M H
mg) SR AE R A Z ] F RS o

‘N@

(R) E4&B4THMH

¥ e B AR S BRI At 508 AR AR R AL #%W%%é%
WA MR — > I d EFHELREN > FBHRFREY
BHVEABALE > FARERO RSB Ada 4o~ 48 4R~ 47 -

4748 B W R0 RALH A = RAGET o H ARk IR a5 T (- Blecuochem2010) g 5
&ﬁéé%&ﬁ&é%ﬁ%%%ﬂA%Ru%%@meMMmowﬁ&aﬂ
B FRR AR B RE ) BESE ~ Mg (Morio Pagliaro eral, 2005 21| 45 A gy 3 3~ 12 71 A% & My K
ﬁ%@wwww’ﬂﬁu%mﬁmﬂmﬁ&@%mo
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JE R VT B A AR I FRARL(RAP)ISBL % 18 K i e 48 28 4 % (HFS) £ 2% LNAPL /5 # 2 £3E R M F K
Ze 3= 3
A~ BRI FAEE

()RR *

At EARA MAER B AABRGY S n R BB > E R AT B AR R R
(RAP)B B % M E KN i k4B 28 4 % (HFS) X% LNAPL /742 H3ERWT
Koo BIEBEMR I BATRAZ 0 B 26 A+ °

B A RFHIE
(B AXH -~ FEAALY)
v
R R
(3 2 AR AT 1 AL S SEAIT)

[

v v

RHHFS¥ S 4 % XRAPER F ik
(ERME-RE -MHREYE) (BEK -~ AME - BEERE)
v v
HIEHFS35 4 % HAERAPZ 3% 3
(Gt~ AW EMS - S RE) (BER -~ ABK - HEFRK)

I ]
¥

| Hhkse T |

+ A4 +
| mFsamng | [ RaPRmmm | | wTAEMARE |
|

|
‘ h 4

| RAP + HFS A2 4 4554 | | smmeThrsmn |
|
.

RAP + HFS 3£ 33(=E H)

1. RAPH B3R » Bak2 s By fik
2 HFSHR3XA » BRE € HFASHEMLE
3. ARBLE R N B R H AT R R T KRR

RAP + HFS E X 48 F 451k

1. RAP% ek 3275 (L 8 8 S8 R IR 5
2 HFS 7 A PRE48 X i
3. AT LB T ARIRAR » SR RS AR

. BEIMBAREKNR
E 26 ~ *ﬁ -}’ﬁ 5&% ﬁ(’ﬁ. ‘ml.ﬁ ,I;T'*'} GbibI e 25 CMC

hulgd CPC Corporation, Taiwan 1k fy 3 LR 4 M4 4]
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AR T kiR

(=) B3G% ERE
1. FFAZE
At ERGTAAZEN P HRE R 100 Mg E 44 LY-109 HRIGER
B 20) BGHERRAFAB 20 P B RRERRER TR TEE 108
8 A LIBHARE S13(4x B A RIME 3 A B 22 &% 6)= TPH RI{E (1,940 mg/kg’
R E 4.8~5.0m)AB i@ & H14Z (1,000 mg/kg) * 109 5 1 A B Rl NC8-E01(RI{A
¥ A& )8 H M T K 3K(66.3 mg/L) ~ 25(4.47 mg/L) & TPH(190 mg/L)i& & %
% EABBEHAZECE 1 0.05mg/L > 25 0.4 mg/L ~ TPH : 10 mg/L) °
BRETFRMESERZ LIE R T KRR G &R o AT ERE
G R EA B ET—REBERTARNAE > AELEAFAE 260 Bt
HIERTFAKAERE R AT ©

1) EHEE

A ERIBIGEREAT 3 BEERE > FE P ARERBEEAEX
375 e R AR BRI R4 B e AS 4 o sbsh 0 EIRIRIRAE
XI5 ¥ B A B B R HA BE R AT

Q) RFAHEE

At EERRIFEBRER 3 DT RERN AN > RRERAHRE AW
AT 5210 ARZM > BERXRHALEHFKIE HFS A (LA BERZTRZPE
FREE BLEELHYI0E220m R 3 UERN > AZAERYEER
FERRIM T AR RAER - WTAKRRBELE - FE LK F R
R 48T hmg S Abbth o sbok 0 BRARAE E 5 7T BLE o i Ak B B R HA BRI HUAT o
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2GR ERIAER

ARG H BRI ELER RAP #H HFS » Rivik B4 A 4 EskiB42
T REMZAR  AGEEGHEEEIE c AFHESARF  E—FF K
RAP E Wik ERRABIRE EZRAMNEM HFS 24 ERMR E 4 X 1B 5H
RE B —F 8 —MERNNR AT Kbk ZH&E b Ky 3R A% 0 B3 o
2% RAP R » RmigETRAKTITEY -

AL RAP X E2 HFS A% E F/2 50 E N2 6T KRR+
o il HFS 2A4ER 59T > LER RAP AF X B HFREIHRE AU
HEFRBEANZE T EMBR > EPREEBATRIR AT -

HE—F
I. HFS ¥ A %% B R ER
LAGEENEE
FARERMGRAGHATIZ T ZAEER SFREFAT KT K

Mo BEEFLAHXEMEARBRERFIERNE BELA4XEMNE K4

Bt ARXEMERITHERAEELR TR HETLEMEHE

BoRELEEZSKEAMGILE  MAKERIALKERERLALN

AR 2 ARIE -

Aok EER X B Tk AR Gl B % Tk (cable tool drilling) © £

R RME o e A L TES A RAEE Y NI 2 CRER

SR BT ELEAE BB AXEBRFMEBRERE HRZIERL

A TERRBEFUARREMNER HAAFTR  RRHRAFLE £H

BRAGEBRRAZEL W WS HHNA KRB EER G RB RN AT

REZDE BT ARFEREZ MBI XBERERSF  F42 4

WMETRBUPETRAAREREE LRBERF AL LA 2B M

5 HBAHRAFE RE  MAPETAIRRBAERS  FhrhaE R

RBE XA R RGP EAT A SR E R £ BRBAMF AL A4

EPEFRAE o

AEARRERERIZE M ET3%T 0 HFS A% BG4 0g

Blovt AREEAMEATIONR ik E1NR A 11 AR #

BAREEREFG NEHGPREEHEE > LTHGRAA HFS

e ETFHGETYE - FRESHRETEFRLE 28 HFS & #H &

BEFRE 29
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ii. % % E FRAR

BT Hr R RmEAtE R E R Rk > BEFZARROD AL A 4
2 R @zé%&ﬂ-a%@k%%mk SRR B B 3t KoKt
B8 E R A E R R 2 KA 4o B 30 P70 ASLELEEAR 0 AR
WK AIEFET K - @KE > R AKRERBSET K - IKET
Y FATIRRE B A SAS R E - BT B T 3R B A 3T A KA 8k F
o PR A S E R R E R AL > ke B 31 AT o

% 43R E @AM A=A > HFS 24 4 4N RESRHM E 58
81 22 BEHEW A EGRERRMB R L L2 0 EREH K4
G EE RAEBREES HSF A 4tk Rk 8T - HBEER A 4
FEERAREMEE A BRAERE MR KT 69 k2 ESB5E4 A E1:E3)
AR AE R FE ARG ©
iﬁ%%iﬁﬁﬁ

HFS % 43% B Tl & =18 A RE & - sE 3R B E F /2 56 B £ BRAF &
&ﬁﬁﬁ%ﬁ%&é’MG%%W&%EjJ4$%€@ﬂ%ﬁ’iﬂﬁ
B T BT AR R ARERE T T EHERA LIER
TRBEER > AEEZAERI T IRIRT EZIEERAL -

ILRAP RE®R W% E

FAEA RGBSR IE HFS A S E 8 EAR & A X WA RA
B(VOC)A X 3% & RAP Bl KR EATRM » fafo ik B RAP H4 4 R
LA B AT B S AE 43 4 75 fb(maintenance activation, MA) > ALK LA
& — W Ao AL IR A AR M 7E b (recovery activation, RA) ©
i. RRAREEME RAP

#EH RAP %k EW3bk E4F A HFS 2% E AR & & 2 E4 M A H
ABETRMRIE BRERBIETH_RFTE FAE 32 %MK
Wedk b 4 218 30 AT EAE(EARYD 10 =) 0 FAENEKE 40 AT
RM»uﬂw%i»%%&uaﬁﬁioﬁﬁ&ﬁﬁ%%ﬁﬂﬂ%}ms%
GBIt X T K - Bl Ry B B RKE RAP X AL AT H
— &AM ER% > BEAERN HFS 4 %“l’l'éﬂ‘———;/\}% > BIbHTF
Ko m g E AR 0 RAP&HFS %74 & 43k 3t~ £ B (110 4 Phase 1)3%

ALE 32
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F HFS A /% BB B R mAREREZ > AEAEREBRRAAKIEZNA
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Q) F=%
L. HFS % $45 RE4
BhE—MEAKKEREEERM TEZ 2 LN TR R
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110/12/23 <0.050 | <0.050 |<0.050 |<0.100 | <0.050 113.0
111/01/13 <0.050 | <0.050 |<0.050 |<0.100 | <0.050 5.48
111/02/23 <0.050 | <0.050 |<0.050 |<0.100 | <0.050 3.78

30 LB mglL o

2BAME B AT ARBE ST KIS

AR AERERYATRBE BT RS REHARE -
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JER VT B A R R RRRL(RAP)BBL % B K H P k46 3 4 4u(HFS) & A% LNAPL 75 2 3 R3bTF K

Gl

110/08/19

ERal:
EY &

110/08/19

&3 8 )  110/09/23 B3 8 H#9 - 110/09/23 &3 8 9  110/09/23
B43 ~ T dihkEE | 100548 E EYBAREXSR
BT K € HA B | BB R ®) Ertirsinea &SCMC
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+ B pER

$2022#3%8p T = (05:48

X RN H

VA

OW-07

TECE

110/10/28

ETTICE

110/10/8 | - f‘é_'JH#H - 110/10/28

110/11/25

BERaH:

110/11/25

TECE

A8 110/12/23 H 110/122 T E 110/12/23
B43 ~ T PibikEE  100:hEE M kot Tatn

W F K HA B R BB R (45)

eﬂumsmm 75 CMC.

Toiwan & 5 KRR H M3
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mg/L B % 5 8,464 #(TPH)
250 ]
219 - OW-07
200
—O0W-25
150 145
113
100 f92.0 —TE-C5
28 30.2
60.7  30.0 i 7.54
50 laga 1.3 16 7 -
\ 19.2 343 [-622 211,209 | 545 1250 — FHARE
o — i 3 78 10 mg/L
0 T S S e e e T — . ——
o @ 9.5 @125 21472 12.3m- 53 @ 131 16.6 20.6 ™ 5.22m ~ 1.27
- ) =) o ) o o bd ] - ]
(] - - (2] (] (o] o (o] (o] - (]
o m w o m o m o o m o
3 3 3 3 3 2 = = = 3 g B A
& & & & & & ¢ ¢ & & &
S & & = & & & = = = =
B44 ~ TP mARE R 100744 B30T KB B B5 R0
R E AR E RIS E

3. LB EE A

IR BB AR B BRAREE R 3 B BAREEME LB 40 RBRE R E
T 6 ~R > EARGUALIRIEE 24m A BEHABIEREE  BRELLE
0.6 2 R FID #i#] > B2 i AMER HEH  ARAPEB AR TR L%
Z W RBRHE B hE s s 0 BRMAR A ¥ T (110/09/23)F2 21 R (110/11/25) %
FARB —R > BRRRFAER 1S HAIGHKABRFALE45-

HEECHERRRTEER - FR-CRAR_FRLEREREBEAL
FRRARMBAE > MAB L BH Db SRBBIIE T LEFARE LIEL L MR
AL S 4y 5 0 B AIMA R ALAG S B3 AL 46 > o R B A1 R BT 0 B8k HFS
B SBE(K 18 MR)Z I HRAREE S03 2 B B A M50 358k HFS A SR (X
11 AR)Z FIEHARE SOl R SO2 X R EAH A LA B THELALEE T
ZAREBREZZGAR -
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VA

X RN H

15~ T abER | 100 4 HEE L3Z T HERRE

R, i 47 sk E A4S
) %A oo | i
. Ak 2 = . z =
AL B "‘;i‘ R % 7 - = -
- (m) ¥ % TPHg TPHd
X
EEFREHIRE 5 500 250 500 1000
S01 43~44 |<1.0 |<1.0 |<10 |<1.0 |<1.0 970 1,670
110/09/23 | S02 45-46 |<1.0 |<1.0 |<10 |<1.0 |<1.0 367 5,461
S03 43~44 |<1.0 |<1.0 |<10 |<1.0 |<1.0 970 >20,000
S01 44~45 | 18 |<10 |<1.0 2 <1.0 |>7,600 | 12,808
110/11/25 | S02 43~44 |<10 [<10 |<10 |<1.0 |<1.0 | 1,245 | >20,000
S03 43~44 |<1.0 |<1.0 |<10 |<1.0 |<1.0 754 >20,000

E 0 1LEAL  mgkg °
2AMEARBEIS B AT AR HIR T S E AR -
3.48 % ihw 84644 TPHg ~ TPHA 4w #857>7,600 mg/kg %>20,000 mg/kg & Tk B AN T EHE - S TH
HFAEBEAE -

%3 8 8 ¢ 11000923

B8 : 1101125 CERE 1101125
45~ T PihikEE 10054 E 'ﬂ%}i&?’fﬁf‘:zﬁ*
I T BAE B B Q) tttimancn CSCMC
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JE R T F A AR i BB R (RAP)#SBC % 15 K A1 0 SR 1 3% % #u(HFS) £ &% LNAPL 75 % 2 H3E B30T K

meke 48 7% 5 84644 (TPH)
35000 -
31,217 st
30,000
25000 23,072 970 21,245 e
20,000 | — 20,408 20,754 oS03
15,000 | 14,200
100001 5,828 TPH L3875 % &4l
5000 | Z’W %4 11,000 mg/kg
<1.00 n n .
o o m
s Q &
mw w mw ER B &
s S -
& & &
P S =
— - —
46 ~ " FiIRE R 100hEE LiE4 BuBHXExs
B SAbS M R A ERIRE SR (s 29N,
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A E R

(Z)RAP BE £ B A REBE R 2 HIFH-KARH

HiE—PREAFTEMERZHMHK RAP RABAKR > BAERED
H1 K @A AR RAP PR B A TBRARK TR ER LT HIEA B2
Bl R o KT BRE A R oM BN & BRI HA A LT RARE LR
HAR KT EA A R HER I A M 0 e — e G R AR AR
BE G ERM ALtk R E B AKE 0 B ATRA MR A R 8 S
M BABSUR T BRAR M Z AR B B AR R R R IR -

1. RAP &k @45 #F

A SEM Mtk @ > stk mEHA Ef 2B AR 0 AR B 4%
WX REFHE > w8 47 H—AEWHEA RAP =—REF 4 B+
TUBER—REMREBORATFEAABEEMY > JURBR - RAP R @& —
R E M e & okt 0 FURE A B SR 0 MILIR B o

UE 48 HEst EF R G kR @mFH % (Elemental Mapping) &k
Fo@QBEFYRMREZERS ALE SR > (b)B TETAIH O 57 RAP &
&0 T IE R R Sk BT HE BT RAP H A w2 B 4B A EAbZ A A
B N ERR L@ -

oA \ L R
B Nt
y t ”&-V’"‘j‘.ﬁ«?
# [ o e TR 8
| e
gl 1Rl $ .
1 - "“ N 's
£ 5 .';ﬁ . X4 ;
o I \ -y o
' A
y‘ ) > & 5
h - :
L ey T a3 P
R *_' o4, 2 '«& )" AR ,‘ »
N b >
. oy ’! " v
i, @
YA =, 1006V 220000 WD 7 3 1pm = 100V X20.000 WD 65w

B 47 ~ FHHRR RAP —REFHE
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WFORHETHE (b)Ru Z 7t % 4 @ # 5 & 12 B
(Elemental Mapping)
& 48 ~ RAP A EDX mapping 4-# & @ T & 4

WIEMHAEA RAP B M > UEKAT N2 E K12 (NIEA
S321.65B) R4 ° itk SLEESE BB R LA ICP-OES #4T L& 2 #7  #E303%
Mokteg ek B 4T 2B 0 BRI/ RAP PHT A4T A XBRMEEH T H
Eb 0.43% » M — A% & Mk 3 &b AR 2 ©

2. RAP B A TATHR &

Amuﬁ% TIEAT 0 H 3 AF RAP U ZHRERFBIERIRERME
—BREHB O UNEABRABARNREBRH AR LLBATAZI RN E =3
%%%&mpulmﬁﬁﬁﬁw&ﬁﬁﬁz F BRI R R Y AFER
M EBBE CRZERE— T AR T RA RAP R E » RHiZ
Z RAP U ZAHBABZRILEALENEZ R BRI = 911818 Bl T RIE RS H 6948
HUG A0 ERETHENRALE —REIRMBEELER H =35 F
EREATHAN  AAE —RERBAEDREZBRHERLE -

B — IR BRI E B A E BB A 30 mL RAP BAJERE o NIR
4000 mg/L as COD Z ¥ F EE 757 180 mL 44 A% G ¥#83E » LA 1 /NEE A —Htk -
FBRRF—RARIE EIHL K FERER > L4011 EHR o KRB T RIEAF
RAP & 4 3 e N3l 2 B RK > FER AR E pH 12 2R E 95°C BB &
ABHER LR BN RAR pH A pH 4454 120 £ B4 8 /B
T EEwE 49 -
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N BREH

B &6 R i

B 49 XRPEMRERMEBFLATRTER

By ZETmERwE 50 %k 16 0 %3 RAP AR REMEZ AR REK
WhTFTH COD EEMZEZHMi (b BANMHEAELE —REZRIEHE COD
RECBBAMERABERAAERE > K16 bR BANAH A —REBEZ ZHR
ME > BT H RAP A & A B A ehsE LA TT4TH -

RAP 1% it 5 FR G 5346 i 4 e

4500

AL

= C

Pﬁ;_ if —FRREENEE
% ;; RAP B R A
S 1000 RAP B —niE IR
o 5 10 15
e

B 50 - RAP #tR &M B L A% COD RE#1t
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JE R T F A AR i BB R (RAP)#SBC % 15 K A1 0 SR 1 3% % #u(HFS) £ &% LNAPL 75 % 2 H3E B30T K

%16 REBRZBLENELERRRELLER

Bk RAP B AAT RAP B A%
COD (mg/L) COD (mg/L)
R BRI E R COD EE 4 4000 mg/L
1 73 641
2 133 525
3 196 423
4 230 297
5 287 380
6 340 431
7 325 449
8 364 477
9 354 517
10 534 548
11 714 798
ol PR 0.488 0.454
(g COD/g RAP)

ooy BE R RBEMEBEETRANEME 80 mL 2 RAP EAFAET >
H IR 400 mg/L as COD X X ¥ BE % SA 6 BV/hr (GBiB5 7R 2 B8 #% & RAP #%
EZ 6 )2 iRk A B DR AR IER 0 RiE 258 BV(AE E A
20L)Z K F 8% /Mi l/&f‘%’cl‘ﬁmﬁkfi #& RAP |4 o N E B RAK -
ERFRE pH12 A8 E 80°C A MU E AR 4R 28, &Fh N iFB R
B pH A pH 4454 12> £ B A 4 - BASHAE - RS ETRAFR
FlARMRAERALEREARLALET REEINERAYNBLELR B
TEBEWE Sl ERERLE1T TAEERABLE - RIMREBEZEZR
ERAMEMELRS  EELAEMEANRSL - B 52 thi RAP Bl 2 R&
MAEANEZ ZARRNM -8B BY 2% Bl =4a%m e LeEiB 250
BV R ¥ BRI B A RAME > AL ABAERTITY > BAFRALRE
MG EABET  LREERRFFAEKR -

B ERERT S TRZEREREET RAP TR BN LA/ LN TAT
WEERFBESR AREREFGE— S RERERALB L L0 §1F
kR AL BB RAP #8404 o9& 45 -
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N BREH

BHERE

LES 1L

B 51 RAP BT R B TR TER

%17 RAP BIRAKREHRZBANMBEHRRME

am | FENRARM [ BE-KARNRM | BLARERHARM
BV ¥ ¥ ¥
(mg COD/g RAP) (mg COD/g RAP) (mg COD/g RAP)

3 3.38 3.57 3.10

6 6.45 6.56 5.57

9 8.45 9.21 7.66

12 10.24 12.42 9.28

15 11.93 13.91 11.77
18 13.18 14.59 12.61
21 14.76 15.25 13.91
24 16.28 16.79 14.10
27 17.60 17.53 14.48
30 18.33 18.99 15.06
33 18.92 19.44 15.89
36 19.11 20.10 16.94
39 19.66 20.32 18.00
42 19.97 20.46 19.06
45 20.32 20.72 19.62
48 20.46 20.94 20.21
51 20.57 21.04 20.72
54 21.04 21.05 21.08
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e

U

"o

]

E 15

g A4 MR
& SR
B 10 A& —ri bt
E A PEIR

Ln

.

~ 100 150 Ny SE =TTy SC
(e i FAL L U uim R

BV

(=]
L
[=

B 52 RAP B R R BRHMBEALRE BV BHA MK AFRR TR

3. RAP B4 23453t

ZiBFET RAP AL A /A ATITH A% A THAREAR RAP BA S
oo B3k 1g RAP &R 2 L 400 mg/L as COD . X F k£ 7 8 >
I8 oA REEIL o B BRBEIFEAER RAP £ &M 1 B2 IBIRIREANAE
Z 0 Xk RAP WERMMAFRRE - BE N RBHAEZ RAP R E &
4% RAP B RMHEM > BHREM KT E8&ZER (400 mg/L as COD) » &=
6-1 FAiFHA R > Wl 53 A7or 0 #3% RAP 2RI fe B35 K& H
AR BEBRIHRES ©

RE =20 % 100 % (R 6-1)

dorig

Qreg = A4t 17 %/%’ff(g COD/g RAP)
Qorig = #74% R /1t £(g COD /g RAP)
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~100

100
80

60

(%)
40

31

20

MEERAP  RAP +0,,,

B3 -8BHLRE8F4 RAP BRRMXZ RE kb

oL BR AR AR ST X ik 18 DA AL A HEBEA R
T HA (RAEAL) ~ FARAEKATY (KHEHLE) RRABKMNBAE > BAER
Mg A4/ 00 B S4ATREKETER > RARMABLAREN RAPH S
Ao BHARALGSUAR  HEATRIERHLHRBREARALTETTR X
ABEIN R F A KARB A S A4 RAP Au A 300 mL B R7K > £ 80°C ~pH 12 F
BITHAETR -

EEi R4 550 THE RAP £ L AKMAHAXRABREN AR
BAERRABMNAE L BTEDSBBLGBROEET RAP LB 2B 4T84
BRI BAEE R - B F0R T e A M PRI 0 R ARSI AALRE S R R A4
EREBETHRBFLEDEE > TRBAKRRE -

Mm\\.\,l' L ' A l\/

/ /
<P >
[N N
CKEBE ) (FHeE

B 54 RAP 2 s AR AKAAELTER
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% 18 RAP AR A AL H

5 AE

BAEF X
. ZERAMALE | RAKHEBLE | RABRMBLE
S AR £ A 24 R AN
B A RFER £ B Rk B Rk
BE(°C) 3 80 80
pH # 12 12
2 §R % (g/hr) 3.5 3.5 3
&% F (hr) 4 4 4
16 ~100
65
’ RAP+ RAP+ RAP+
O3(gas) NaOCl(aq) Os(aq)

B 55 RAP AR FE4&#F X2 RE i

£ Aok B A SR 0 S BUS R pH BAB A Z BAME > FK

1

RE
(%)

00

80 |

40

20 |

WAL o B A RAE pH A RBRILB T pH5-7°9 12> &R H
56> TAEBABRETMH  FERAOEHTHAZR Ramdntt > B AR ER
FBIWETBEA S EMaEsBARMA LT S a8 8d4 -

~100 ~100

=TT T
==g=~§--§--]
=-\o

51

75

pHS

pH7

pHY pH 12

B 56 ~ RAP #%F pH FH4AZ RE tb#&




X BRI

(GS)RAP B E% M VOC R5x- K48 &M

HAEBRERESERARE T ARmaal o L 28 B4E | ARA%LWE 57
Bk > B RAP Bl R R R A& TR T BITREME 5 > VOC E X F KA 58485
A RRAERE > AN RAP B R RS AR VOC REIEH 44 250
ppm A& > A HIEE 90% F #ATRER 0 Bk 19 AR o

EEnis Rho B 58 2k 20 AT > BREHRIE S 8 NBF > RAP £ F X
ZEREHEFTHE 70% ;bR E B B 09 R AR BT RS RAP &M A4
%e) VOC BR > TERFEFEZBUNEAR/LE  EHILRETRERER
RAP RARMETF AL ZAANAALAALRES > MASNAREETRAK
Y REAALE A e HEH RAP R A RET ABILBAL T AR 0 AR F K o 3R 32
BH BB RTAEY T AARE > [EHRERETET A BT ERZHH
RAP A A7 H bR VOC M4t > TAZR T HAEZOGEGHTRIE » Bé
AAZAFETREET RAPHETATEAAZBER ZLEMH -

| |

Reactor

VOCs detector
(Thermal TVA1000B)

B 57 - RAP &M ¥ X ERZRAREE

% 19 ~ RAP &Mt F E R R 4&4

JAH 4
VOCs # R & ¥ X, % 250 ppm
O RE 16%
ERHR (BREKRET) 3,600 h'!
B 20°C

89
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g 70 ———
F AVG. 70.0%
2
g so
5
Time (85:%")
B 58 - RAP &M ¥ R A& %-1
% 20~ Oz + RAP & it ¥ XA &E R -2
- C7H:'; - C7Hs’;
R E (%) EREE (%)
09:00 70.3 13:20 70.5
10:00 70.5 14:00 70.5
11:00 70.2 14:30 69.7
11:30 70.0 15:00 70.5
12:00 69.8 15:30 70.8
12:20 68.5 16:00 71.6
12:40 68.5 16:30 71.1
13:10 68.9 17:00 71.6
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X BRI

(B)EMHEXAEBRES

1. BR#RIH X
B~ B35~ RS (11059 AHF) c B LG AL ER
M A RN B o BARF BRI ATBIEH T BINRE FIR/BARRMH 40 o

2. WA e (HRER)
A (110 44 A268 ) c TE¥ERBRANAREADUEN BELER
BB e BB KR I bR B A BT E

3. AR XE R
RBrso- -~ A~ FEM (110F 12 A 2 B ) ° AL RALR FE M N B KA
WFAKZIER o &8 KZFE EFREW &/ KFHFREEE

() &A)
A ERR (P3FF)
B — A AB 4 A BAS R SRR R TR M A A R A RUB K °

1. % ir e ¥

R EREL RO RERAR BEARGREEELHIRRESL 110
F 08 A 12 BELERES > AREWR =8 A % &BRME S EFEE > BPabR
TR HIF 1.6~2.0 2 > RE 110 £ 12 A 23 B L 2 % B3t4ath K FiE 4,257
e AMNRER=MBMAL 110F12 A 17 BARGE 1 o TFTAHFPRE
B3t R Af 0 RRALBEER > GH PHTALELSHLTE S HFS 4
S A B BB A 2 R PR BR KA R S 4 -

2. X EAE A
(1) RAER AL 11058 A 12 B ERREW%L > HEAUPID EREA
BIE% % 0.0 ppm BB AT AL CEBEASEA - 10H RAFHAR
RIER > BTHRABRMATREARXTAEFTRETLY RAP fu %
AL > BPTRR TR S # VOCs & & A A8 E ey I RA B -

(2) HTFAKER : A110508 A 128 ERRE# R > EHIT8RIT AR
MERAEE HPEX - FR - CERR_FRZERERSENEEMR
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)

(1)

(2)

BIARIRAE > MAB G hwR SIS ERBE ST KT L ERZE -
BRI MAREE BT RFEERIRE BArFae T RiFEX
BIANIER A B E T KRET bk aAbbiREEA AL T AR
A -

BIEEA R E TN 110/09/23F0110/11/25304T Rk L 3E & #A BB -
FREHIB > LIERPERRRT R FR S CRAEA=F R EAR
HEREBRATBEAIEIRMG > ML B a/LbmERBIETLP
AR A > FEEE HFS A BB (W18 R)Z LIEHRAREE SO3ZRE A 5
& > 358 HFS % ABIT(AD11/AR)Z L3445 2 SO1 & S02Z B E A
BB L F > BT MBAKKME Y X AL REZALAR -

3. RAPERERBARBHASLHEFE N

KABRM ¢ Ao RAP &R 850 1% 28 7 °T LA @7 v Ak
BRZIBARE BSAEARRAALB FEHRAEA AAkiE T BA 2
BRRAEE - LA ER LRGN pHAE  BEBAREERETA
B# RAP LibEays7 & B 18643 > RULA MM AN R RARER
P RABHEA ARGBEFR AL CBLELY BAKRBETHA LKL
CEAT

RAEM D RERRBT BT S AR R ERBRL B
BEREREI > ARMBRTARSETFRIZRABHFAR &
H RAP sURETEIL A Ley r KR4 B F K > ik BRI a0 K
R o BERFEMAI MR ATAECHFT @ARRE > 12 d bR TR RAP 7T
AEBRTRERATHARESAALHE - &M AL VOC -
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X BRI

(H) =&
1. ¥k BEKE HERIE A HK(GIT)

HARGHIIZERIGT KRS AL mm aibbth  BEXZ AR
BT L BT RS 0 Bk B KR B R HE A %(Groundwater
Increase Temperature System * f§#% GIT) © /K@ 38R R IE A % RIEAF A
Jo B3 AT A KT IERRE ~ TRARTS R T X R RO
ho s AR RSN IR AR ERRBEAWBEEN
BEBEFRARRBEERNELE  AARLAGE T ERRFEEAWRKE
BT AREG RIS BEIEH A 40~50°C3E A 24 /NoF/ B E 8 > @R
KRB TILARTRERDRIMT KRG T 7 8O R R LI Emf
R A R ARG P25 B R B B IR G BT 0 R R
AR > SR EE R RIT AR G Rl e s A B S H Bh

2. B RUR B %M e ik R

B RAP B ZE%RM VOC RE&EREH > RAP RM F KRB P o AZ
ARV RARALEILE A E > TUE RAP REFE A BILEILRIE > &
A4t VOC R EEFRIE XM EREM AL EAMA S T %R
TN RAP REHEFE - # 12 ARMBBEMTELA TR 24 N2 EME O BT
RiER VOC RIEHR > RTUURD A RAP # il RH#ah3E % > RREN A ¥
MR LR A — B -
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-~ B ERENRA

A ERBBEAL2 F > AREALE | FTEIITRE AP 2 FRWB
BENF2 24 FRB R THE RN 53 E RAP A E X5
BN BHwE 2 FRETAFRALT -

() A% EREFgH

Bl g —FHFS 4R EHEEXERYM > CHRLANERZRE
B2 F R EAANERTER ERATMAAREHRAALS
o DR A R R R MR T R

(=) 2B R

By RE RRAL G E W 8 R R B I EHAT R R T AR LIEE
SIEERMEE  ARABRI Y > BB A RIESX PID ER3% L RAP B R
RO BLHEROR A6 VOC 5 s TFRKERIZR S BB A USSR 3 o T
KA BRARBBIR S FR LR —F KRB G g aibsn o f8 138 B2 A3
0 BRI L P Aol R &R —R > HREIREZHEAT 6 2R » BLIFU
PID & FID #iRl4#% > BHAMEGEEETREIHE - FR TR - _FERE
Tk iAo IERMW T KE R Bt B E 42 -

Ak AR RAP &I A48 VOC BIE TR > % 2 F3 L H4THIM - 2
H2 238 A FIRIE S RAP & F B £ Eafe ]3> 2% a4k BE Al RAP
O EATEARBREE A% 43T E RAP E/LAR -

(E2)%XERAPAVEFRERN

BIRSHE VP IEBARTEMZ TR R B =FREE RAP 25 HFS A4
MR BEFEHBEANIIETRERF T FAE 34 EA RAP AFIHAR
e B EFRBE N ZIEAAR T R A KRN AP TN BLS M T K AR
MERE R BT KE R P 2 RAP #4TF /6B A > AR S EE R
2 o

(W)RAP FB A RAELARAHF

BATE B E O3 E RAP RIMF T A R A AL LB E REF
RZEALHE - BT R BARE AR GHBERAEBBELI AL
BE~RAE pHE  EOEREBRAGHEIETRERELSE P -

P
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RTFEA

AL AR ARAHHIR - SRR
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MAMNTNOIIIIRION 5% 258 554 e A 4 A7 PR )
FQ111G0030 KUEN-TING ENTECH CO. , LTD.
AT BRBEIATE VT R T 0425 Tag - (04)2297-2731
MM E A © TSI A PR S MR % M (04)2291-6133
dhdk & A B — 47335364 MWAEHAE © 111G0030-001
T KA R 3R 4
FHLH &M b b3 B AT K30k H Ak
KA 0 FQ111G0030 P A B A A
AR B Y 1 ARG ORI FRAROFR) ¢ 2022/02/23 14:06 - 2022/02/23 14:18
FRATEA ¢ IR A B A R 8) HBAEH R
k4% % ¢ NIEA W103. 56B H % ¢ 11160030-003
FhRAkbEs ¢ FH AR E BB L= %35k ek a 2 2022/02/23
RIELAE 0 10034 &, #EALY109d M, TE-C5 #wE a0 2022/03/03
ATA&EE © FQUW22020007 % A hEas
R WAIR B A R Mo 7 ik fisx
INES mg/L N.D. NIEA W785.57B MDL=0.00041
2 |FX mg/L N.D. NIEA W785.57B MDIL=0.00037
3 [TX% mg/L N.D. NIEA W785.57B MDL=0.00040
4 |=FX mg/L 0.00161 NIEA W785.57B
5 |4a%m s fieb mg/L 1.27 NIEA W901.50B
RFEE

ARAREHAA RALFIA R KK
http:/Mmww. kuen-ting.com.tw
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ENEREERGARAT
I 5 TR A B Ay A TR B) OOV AR TR RO
KUEN-TING ENTECH CO. , LTD. FQ111G0030
W E 4 I BIAER A R F R E B35 0 (04)2297-2731
shdk & Pl F b — 473353 6H M3 (04)2291-6133
AL T N11160030-001
BT KA R 3R 4
LA RS R RPN PR ok X £ P N D
443 0 FQ111G60030 WA B ey ¢ FAe-B G MR
A& B 2022/03/03 B & A e
P

1. A RMEASH 7 kAR AS P2 0 % 54" N D, " " NDMDL A" o » 363308 3o o k4 AR FRAL =
2. AN AT FRAR AR kAR AR IR 2 il > BAKQDLA ST » 303084 JL 58 FAR RALL ©
AMEAFHEMUREHLEMREZM -

RIE :
(—) AR A AR & P9 B 44 AT BRI AR T A WA A 2 AR 3 Ok A b AR i AR R E > RAFAE
et - HoM © 18 AE S °

LA B BER Y % st i BAE 4 AT o AT ok 2 AN R0 ORARI ok AR ~ A R
1 X5 BN giﬁi&ﬁ@%{ﬁ]z*ﬂ MM AR » AR ERNT G RGO ZHAHE > AL
) 3%,

- ;ﬁ»@bmma

A FAGRFE) © iAo

BREEF %\X% /t/v\\

AARE LA ARARIR > BEAEXK
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KUEN-TING ENTECH CO., LTD.

W E A I TR A TR F AR E

)bk © & bW & —#33-53OHE

RULM LW Pl 8) 66T N I0bk B Rk

K443k ¢ FQ111G0030

W T KR R

Hhsa 43R

Bg + (04)2297-2731
3+ (04)2291-6133
4% 0 N11160030-001

11160030001

BP LM B REAS FRAOFR] 2022/02/23\ 11:22 - 2022/02/23 11:47
AR 0 ARG ERT A RA 8 Wk B 0 2022/02/23
Fthibms ¢ &t AR E BB 16 =235 &8 2022/03/03
TS 4 A% 0 100504 &, BEARLY109d W), OW-25 B o% A s
AR WRR B S AR A ik HiE
1 |[es iR ke fie A mg/L 0.19 NIEA W901.50B
2 | BB BB hu AAE W mg/L 12.4 NIEA W901.50B
MFZEA

AMRRE AR ARBF2H » SRR X

http:/lwww.kuen-ting.com.tw l
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KUEN-TING ENTECH CO. , LTD.

Wl E 4 A6 T IR HOR AT A TR B M E

sk ¢ & bW —B733-536HE

KL &M bk 8 66T AR E A

Yo F KR4

g ¢ (04)2297-2731
3 (04)2291-6133
44k o N11160030-001

K44I ¢ FQ11160030 L4yt 11160030-002
LB S B AL ER R A RER] 0 2022/02/23 12:53 — 2022/02/23 13:01
A AL ¢ TR R BURAT A R F) Wk B 2022/02/23
IAMOLES © Hik T AR E BB 1L =35k A& B 2022/03/03
LA 1005048 &, SEHLY109d 0, OW-07 B A R
AR MRIA B St R Mo 77 ik Hise
1 |[&sk#rsb s st RS mg/L 0.14 NIEA W901.50B
2 | HEEee s e S mg/L 3.64 NIEA W901.50B
NTFZEEa

ApAms#4R > ARAHRIR > SRR A
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A

I BB A R A A PR B FQ111G0030

KUEN-TING ENTECH CO. , LTD.

Wik ¢ & —#733-53R6H

WaE - (04)2297-2731
A3 (04)2291-6133
4543k ¢ N111G0030-001

T AKARR IR
KL &M P b8 66T K30k B AL
FH-HIE © FQ11160030 Hhmsaik ¢ 111G0030-003
FEP AWM BIHAREAS SRR 0 2022/02/28 14:06 - 2022/02/23 14:18
AR ¢ IR BRI AT A TR B WoHkB i c 2022/02/23
Moy - BT ARE B A —3 w4 A 2022/03/03
RIRE 4G 0 1005h 4 &, #EALY109 % M, TE-CS s A e
AR AR B 4 AR Ao ik Hise
1 |[f&sk 348 5 s fALA mg/L 0.66 NIEA W901.50B
2 |@s s he 8-S mg/L 0.61 NIEA W901.50B
UTFEE

ARAREHARA  ARARAR - SHAER R
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H4F43E 1 FQI1160030
W E Mt A R B R B EPITHRIT R GBTFAK)

RALAG 2 &M b b2 8) % A6 5 3P bk B A
W SWNE | ZaAs| TR &Mtk s M A ho AR I S A

& % R A
7 %RSD |(=2MDL)| RPD% |4 #I4EM%| R% 8 4. 10 % R% ) 468 %
x 3.37 <eMpL | 7.4 [0.0~19.2| 88.9 | 75.0~125.0 104.9 |65.0~134.5
LS 1.20 <2MDL | 6.3 |0.0~18.9 | 87.8 | 75.0~125.0 107.9 | 65.0~135.0
[J%'3 5.91 <2MDL ‘0. 3 10.0~20.6 | 8.6 [ 75.0~125.0 108.7 [ 65.0~135.0

) s 3 = F 3% 5. 52 <2MDL | 13.5 | 0.0~17.3 | 88.1 | 75.0~125.0 106.7 | 65.0~135.0

W-—F % 4.7 | <L | 105 |0.0-25.0| 88.2 | 75.0-125.0 | 110.7 |65.0-135.0
45‘*’;5:;’*“ 7.6 | <L | 0.4 |0.0-21.8| 92.7 | 75.0-125.0 | 86.1 |65.0-135.0

**”jf:*‘**“ 3.82 | <L | 7.4 |0.0-16.0| 81.3 | 70.0-112.7 | 81.2 |65.0-106.6

1 V=" R FOR AR BT - 5. Rl 2 & i ¢ o
2. 7 SRSD 25 i &k An W] 4 e -
3. MDL 2 7 3 49 i 4% . =
4. RPD%Z4n 32 & 51k -




