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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 charactistics 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.

In the first year, the pilot test study was conducted in Lin Yuan petrochemical
plant of CPC Corporation. The major pollutants of benzene, toluene, and TPH (total
petroleum hydrocarbons) 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
concentration of 3 sampling points are all beyond the soil pollution control standard
(1,000 mg/kg).

After installing the HFS pilot system and related facilities on the ground, the HFS
system has been normally operated on site since Aug 12, 2021. Two pilot tests were
conducted on-site. For Test I, RAP bed was installed on the ground to treat the VOC
of vent produced from HFS, since HFS has the good hydraulic circulation and
flushing. For Test I, RAP bed was installed in the recirculated water treatment system
of HFS to treat groundwater. 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. The preliminary
results show that the TPH concentration in the groundwater was decreasing. From 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. On the other hand, the outlet

vent after RAP bed shows good performance and saturated adsorption has not been
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found up to now (about one and half years of operation). This may be similar to 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.

In the second year of the pilot study in July 2022, two additional remediation
wells were installed within the influence radius of HFS. GIT (Groundwater Increase
Temperature System) was applied inside the remediation wells for a short period.
By increasing the underground temperature to enhance the solubility of pollutants and
lower the soil viscosity, the volatility of pollutants is improved. GIT+RAP was
applied two cycles in August and November 2022, separately. Based on remediation
wells’ regular monitoring data, total TPH concentration is decreasing but it is still
beyond pollution control standard. When GIT was applied to increase underground
temperature, the pollutant concentrating is in rising trend, that shows there is residual
pollutant in the ground. Although TPH concentration in ground is beyond pollution
control standard, we can conclude that HFS system is effective in removing the
pollutants. Two additional installed remediation wells for GIT system this year shows
rising trend of underground water pollutants, that means HFS and temperature effect
will release residual pollutants in the ground. Therefore, it is highly recommended to
continue following pollutant remediation.

We also take the RAP samples from the remediation wells and vent treatment tank
after GIT+RAP applied cycle. The result in the laboratory with 24 h- air aeration
regeneration is equivalent to that of 4 h- ozone regeneration, that means RAP
regeneration with aeration is feasible. We found HFS with aeration can get higher
dissolved oxygen (normally it is 0-2 mg/L, here we can get 4-7 mg/L) that leads RAP
to continuously oxidizing organics and regeneration dramatically.

In summary, for the 2" year pilot tests of this project, we combined HFS, RAP,
and GIT systems to remediate the pollutants. It is confirmed that GIT with
temperature increasing system can enhance pollutant removal efficiency. It
accelerates pollutant removal rate in influence radius. RAP can target the VOC
generated by HFS and pollutants in recirculation water, conduct adsorption/oxidation
and regeneration on-site simultaneously. Compared to traditional activated carbon
method, waste is dramatically reduced. We verify that integration of these 3
techonolies can maximize remediation effect and shorten remediation time, that

benefits from green remediation.
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B ¥ 2 A AR (RAP)H R 5 4 -k 4 % ik ik % SU(HFS)4 4 % LNAPL 5 2 3 8% 3 7k

EPL= 8 B
L 1‘3—%}3‘1“ 3P HRF R 100 1 R REHE LY-109 @ RI(GEL W 20)
Eii%ﬁﬁﬁﬁﬁ LW 210 R T IR H T ORIT AR AT

1.100 33 3 % 2 35 % H35

P REIR 100 % R s R AW T RIZEA W LA RSB
(S03~07) ~ 100 i 4 & 9 2L(S08~16)% = = ‘& & f] 2 BL(S23~24) » 2 L EH T
PlEEi 2 B REAR 22 2 & 6 AF 108 & 8 7 F PR % TR S13 2
TPH ¢ (1,940 mg/kg)42 6 & 1151 -

2.100 5 3, % ¥ T ok 5 R A

LEEILT R FI R 100 0 4 R o BB TR &3 R B R (NCS-
E06 ~ NC8-E16 ~ NC8-E01)i& (7 £ i) » # Bl % (322 4 7)~ 4 5 ¥ -~ 2 TPH
AZEE AREH ¢ 0 109 # 17 Fp¥ NCS-EOL # 2 13 T -k ¥(66.3 mg/L)
% TPH(190mg/L)ik B 5% » # T k¥ 2 TPH 5 % # BN FELH 23 2 W
24 -
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B ¥ 2 A AR (RAP)H R 5 4 -k 4 % ik ik % SU(HFS)4 4 % LNAPL 5 2 3 8% 3 7k

2 6-T9 B+kFlIR 100 3 %2 HTRIES

. FEIER _ TPH TPHd
E AE-S R (o) ¥ vy 3 v ¥ (C6_C§) «C10-c40) | TPH £
2EEFREHRE 5 500 250 500 - -
105.08.18 | 430-450 <0.40 0.89 211 2,560 264
106.03.01 | 530~550 <0.40 363 10,900 456
S03 106.11 530-550 <0.40 38.6 4,520 560
(K7 [107.03.09 [ 530~550 196 5,260 997
®]) 107.07 480-500 16,700 1,140
108.03 580~600 <10.0 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
(kpo [107:03.09 | 430-450 <0.40 <04.0 0.88 2.63 857 1,760
i) 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
(Lt 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
(X#  [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
(K7 [107.03.12 [ 430~450 <0.40 <0.40 <0.40 <1.20 297 <150
) 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 3%  [107.03.12 | 280~300 ND ND ND ND ND ND
#%) 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 3% [107.03.13 | 430~450 <0.40 <0.40 <0.40 <1.20 2,940 832
#¥%) 107.07 480-500 ND ND ND ND <10.0 ND
108.03 430~450 <0.40 <0.40 <0.40 <1.20 514 ND
108.08 530-550 ND ND ND ND ND ND
105.08.18 | 380-400 ND ND ND <0.30 47.50 268.00
106.03.02 | 430~450 <0.40 <0.40 <0.40 <1.20 120.00 <150
S10 106.06 480~550 <0.40 <0.40 <0.40 <1.20 ND ND
(100 3% [107.03.13 | 430~450 <0.40 <0.40 <0.40 <1.20 525 1,730
#¥%) 107.07 430-450 <0.40 <0.40 <0.40 <1.20 2,440 349
108.05 480~500 <0.40 <0.40 <0.40 <1.20 21.60 ND <160 .
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
# %) 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

B

FREFECELR

1 H i omghkg o R AR L FACEE PR A RRE T R L T ACE B IR -
L2 HEBREFI PR TR ARG SR A FEMEEES T RFLHET T RSF ARG G LA MRS ERBRERE
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S LA EHALE R T

f}:i

Z2 6~T¢ @ +HFlR, 100

~‘,

R EE $IEEIE §

< HHRIFR g e TPH TPHd
W (e w500 ¥ v ¥ “¥ | 27% | ceco) |cro-ca0) | TPH ¥
FRFHERRE 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 %  [107.03.13 | 480~500 ND ND ND ND ND ND ND <0.10
# %) 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 % {107.03.13 | 480~500 <0.40 <0.40 <0.40 <1.20 1,960 5,910
# %) 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 % [107.03.13 | 380~400 <0.40 <0.40 <0.40 <0.40 ND ND <0.40 <0.40
# %) 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 %  [107.03.13 | 480~500 ND ND ND ND ND ND ND <0.10
#%) 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 % [107.03.13 | 530~550 ND ND ND ND ND ND ND <0.10
# %) 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
$23 106.06 530~550 ND 0.10 ND 0.38 ND ND ND <0.10
(*=  [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
(= [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

1 H i imglkg o e A A T AR EORIRE > e A MR R A T AL AR -

L2 R RBREF IR AAG SR e FEA R E ST RELHIT

FERIEETERA -

F SRR AFRE S R ARk SRR
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B ¥ 2 A AR (RAP)H R 5 4 -k 4 % ik ik % SU(HFS)4 4 % LNAPL 5 2 3 8% 3 7k

2779 BHFA, 100 B H %+ T-RERSEE

¥
I PR S e ¥ oy |e¥ |zev¥ | ¥ |TPH |wgim
» “ |p® | m |mgL) |(mgl) |(mgL) | (mgL) | (mgL) |(mgL) | (mglL)
oK Tk E SRS 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
(@ # %) [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
R MW-06 107.01 3.945 ND ND ND ND ND ND ND
% ‘.E,’ _?P 107.05 | 4.128 ND ND ND ND ND ND ND
p G ﬂ:' ) 107.07 3.003 ND ND ND ND ND ND ND
E 107.10 3.447 ND ND ND ND ND ND ND
7,; 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
;;,] 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
(ié’}ﬁ?w) 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
NCS8-E01 |108.04 | 3.793 5.42 0.0865 0.26 0.316 0.272 11 <0.0500
(z $=£%) |109.01 3.998 66.3 3.144 5.984 5.068 4.47 190 <0.0500
NCS8-E06 [108.04 3.437 0.0127 0.00038 0.0127 0.0098 0.0234 0.584 ND
(z3£%) |109.01 | 3.603 0.00070 ND 0.00714 | 0.00196 0.01382 0.81 ND
NCS8-E16 |108.04 | 3.608 0.0384 0.00082 |0.00608 | 0.00338 0.0082 0.332 ND
(z3g%) |109.01 | 3.795 1.4 0.0521 1.047 0.3756 0.387 5.62 <0.0100

L RMARATE AR T AR B A TR A E FIRE o 32 0 SR T E AP B R Rl -
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FdpER 0202357 18p T = 05:08
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m 25 (Salvador et al.,2015) AR o

# m_F_ -4 a‘iﬂj

‘%

F‘/’I"??ﬁiéﬁlg

(Regeneration Efficiency, RE) » 4ri4-1:

LI A L Y
Efef B3 29 3E 2 5 0 BR 53 s HldeT
-t Pl et o FIR 2 FIEEE S A B~ B 4L 0 il ¥ 4 S

154 nﬁ. ; ‘E_ 7 ¥ L ﬁ,{(Salvador et al.,2014) j\ J ’?ﬁ B _‘{3\

BR BT
R R RER R sl
@ A

SEFE G R AT JAERE X LD

RAELAPR o kL A s 2
HAFEAEZE A AN A

RE=({ # st /& 2 %) x 100% (24-1)
Type of Regeneration Mechanism
.+ pH Reaction/ Thermal
Extraction; : ) ¢ ) Vacuum
: changes : Degradation : desorption :
Hot gases

_________________________ THERMAL REGENERATION
= Physical waves
v
Y L SR S
< | Electrical currents L W
- e
& |Chemical Reagents
g _________________________ CHEMICAL REGENERATION
%:“ Supercritical Fluids
=
“ MICROBIOLOGICAL
5 Microorganisms
2 REGENERATION
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Bt v LA AR R (RAP)E R 5 4 Bk 4 i 76 T & Bu(HFS)3 ",ﬁ% % LNAPL /542 3 3 % 3 T -k

C)RE2
ML D S HERERN RITESR R FA P2 B ogtsmn 2bE 5% 2

75 Y fp (Salvadoreral2015) , 8 g 35 R 55 3E 1 K i b oS MR N RE 4T
Wit g4 en 2 > AP R E g (temperature swing adsorption 0 f i
TSA) % &% Len? i > HS4| I 4B F W GEA2 S » g 8 (N2~

e~Ar)> P m"f T RFEEG s FREEX A ks L o e
&ﬁ%%ﬁ%%é%£§@*3%%%ﬁﬁg§§&f%%ﬁ%£?U$W
800~900°C & {7 " ' » BEE § &g TR FFI5 L2 sk > i WA iE ?ﬁ‘ﬂ I
L NGV TR Y 3 R g i‘kﬁ WRE KA 4 BT R R D
A 4 55 4 b (ibin Zhou etal.,2019) ,

BARWIERLAY hy M2 AR - RF FREAF
¢m$m§ﬂ@%ﬁvﬂzﬁf%?éﬂé$ EX R
ERUE AN RS USSR R ES LR R T SRR O Tl
e ok L LE‘*:’ AN —’M?" e PEILE 2 Kf SE (Jibin Zhou et al.,2019)

§ = %é ﬁ&ﬁ& -i f’ﬁ .}1(,,17'(1( Yaghmaeian et al.,2014 > H. Valdes et al.,2016)
#d ;ii@%i“:ﬁﬂwﬁ FYLRE DR Y e & B VA ]

A 3 ) ¥

—~\

LR RE R LT "!L»iz?—_'rﬁ.ﬁ 4 3k A E LR S ‘F,’K
g ok R RER ii?sg ruﬁa**ﬁﬂ% dodo o %
REYEd- £ ILE Sl st RRT RN %47“2’1&4 K REEFL A X
ﬁ"ti‘g dv @ % ¥ (PM. Alvarez et al.,2009) o
T

(2) %5 7 2 8
1. $5L2FF
SELARTRBRIERIGKFY S5 LT 0 G f i Y e 7 3=k
FLAE 4 (Wejandroetal 20192 2 G g § 5 FER LF ARt Mo
AR i WA e 0 2 BET 26 ff ¢ Fl 5 3V IR AR frm B> 0 1
LERAEBMA LA RERLF PFERERNT N SRS LG
BN et al 2004) o 8 4 BB E R L 3 {5 A BBk AR TR T 5 R
AR A G 2 BTG R L F hE g (HIT - OHF )i
mAEAR 0 ¢ FAY > Ed #E€ & 47 (Thermogravimetric Analysis, TGA)¥ 11 5

—\
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BEPFRFLFLAEET  FERIFY FAIEFLCEF T  B

"f’l O TGA Bl P A A2 > 2% P AP d 20 REFLG
ﬁﬁ%&(Beltrén&Pocostales.2009)o u‘_iﬁTm‘/‘é‘fﬁ_ﬁl{{z\' @ b o 3 P F f‘;ﬁé']ﬁii L %,gi] y ;g
BT AR T B Hp) R ERA L S H pH RET 25 2T 0§
PRI RGBS AR A PR T BRSO B ELE RE
LR RAAEMR LG e CABE LR 2 RS R A 4 BB

PHope » & 31 lfti BRA MM AL 2167 5 4 24 L T fhF T R3l o m

hae A TR o

2. L3 ARE

B HRT ¥ G R
d

5% 7]
2 ks 524’$i»%f§m FVNALL a5 pd A(-OH) ¥ e
BpREr - 2enf itock > AEDLE EX T N mamips - £
R RS
SEMEPERFH LIPS TF F FAHRUEF /LRGN
FomB Mo BRI FER LT R L A BN E TR L 4 T
e H & k@B x4 g Yaghmacion & Alahabadi. 2014) , 3, 4§ 4 % »e 4 (mg Oy

(7) & Be 21

FEBHPRG RSB E AT RERAE FIF LY
gy ﬂ‘_pi?‘frmﬁ#‘iiﬂ y d A g‘:—?-mlg RAE R £m 5B F B o % E3
fg,ﬁ R A KRR EREE b 8

BB K L e n - F 4o H A I T O Blecrochem2016) g 55 §
ﬂ*ﬁééﬁﬁwg%*$%ﬁ £ % Ru g (Toabhnesi20 - w § {475
’ﬁ N }?i’ﬁ Wge et 4 o fEAE ~ v FT(Manopagharoemz 2005)’*'17& 2 mﬁg‘_/\ﬁ' 5 g P2
B 3 (D.C. Ayres. 981) ,;ﬁg?u;%‘d By g LA F RS f °
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KRER) HFOR) HFAR) =)

2425 2374, 1ass
2 272 a2
22 237 L

202 2 1938
2418 e 1.436
2416 236 1.434
21 235 a2
212 2302 o

201 128

236

e 1.426
1

? 235 Lz
2402 :

5 235 e
29 2352 Laie
2% e 116
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2392 2348 1.412
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230

104
2302 23 e
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206 22t
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(m) = 3 KR
SEBARHEE A SRR T ERTELS FEF B ToRE g
3 Agap 110# 87 12 p 1 NS > Wik EFERPES 2 RAIPN
zﬁr,m%§W$%am%To
1. & § E PR
ArE % 1 #(110 #)248% 5% PID & FID #p|# 4+ RAP Az jier

S

)

gtk £ 1 VOC ¢ > .f:-]ﬁ 3 %‘JE'J 1=t A3ap 110# 8% 12 p & 5\3E

f#is > & % 12 PID % 00ppm; @ *3+F % 2 & (111 &) 12
#4  PID ¢ FID €] % ‘tfbi;gﬂ; 2 L f o Rl 5 0.0~10.4ppm B 7 3%
W h§ VOC htchas  BlE2 MR * 204 14 2 F 46 -

gt
>
=
_{_x
CE
=
o
i<

* il ‘

% 14 HFS & § R4 %

- PN kPID B & (ppm) / / FID | & (ppm) /
e kg EF k¥

1 110/08/26 — 0.0 — —
2 110/09/23 — 0.0 — —
3 110/10/28 — 0.0 — —
4 110/11/25 — 0.0 — —
5 110/12/23 — 0.0 — —
6 111/04/07 — — 3.8 2.2
7 111/05/05 0.0 0.0 7.9 3.8
8 111/06/09 0.0 0.0 3.9 3.2
9 111/07/20 0.2 0.0 — —
10 111/08/04 0.0 0.0 3.5 33
11 111/09/01 2.2 2.1 5.2 5.0
12 111/10/06 0.4 0.0 1.0 0.7
13 111/11/03 0.0 0.0 0.6 0.0
14 111/12/01 0.0 0.0 10.4 4.1
15 112/01/12 0.0 0.0 2.6 1.7
16 112/02/02 0.0 0.0 3.1 2.8

DLAPE S 1 E R &R F(110/08~110/12) 72 PID £ |k 7 B -

2034 % 2 E R K EEY F(111/04~112/02)12 PID & FID T iRlie 5 % & f LR ©
30—“& T AR -

4.111/01/13 4 *t 4% 4% FID £ ip|#icdf>t HFS i85 2 2 5§ RAPER A % 5 77.3 2 59.9 ppm -
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PDeRER B - | PDEARER AN - | FIDERERAY - | FIDERER A
111/08/04 111/08/04 111/08/04 111/08/04

1 y—— - e V'5"
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Ao BEREHE
F 15~T7 B +kFlA 100 3 %3 T-RIHERI S F(F 1 #)
» - . . . show o | mo-w . KBEHR
5 Hip ¥ "% e ¥ Rg-"% | M- % % Py
FodEE Tk
5% 0.050 10 7.0 100 0.40 10
e TR
5T Pl 0.025 5 3.5 50 0.20 5
110/04/28 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 394
110/08/12 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 9.5
110/08/19 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 12.5
110/08/26 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 14.7
TE-CS 110/09/09 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.100 12.3
110/09/23 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.100 53
110/10/28 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 13.1
110/11/25 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 16.6
110/12/23 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 20.6
111/02/17 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 5.4
110/04/28 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 145
110/08/12 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 60.7
110/08/19 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 41.3
110/08/26 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 30.0
OW.07 110/09/09 <0.050 | <0.050 | <0.050 <0.100 <0.050 0.190 219
110/09/23 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.100 9.8
110/10/28 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 216
110/11/25 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 30.2
110/12/23 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 113.0
111/02/17 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 5.8
110/04/28 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 92.0
110/08/12 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 19.2
110/08/19 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 24.3
110/08/26 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 21.6
OW-25 110/09/09 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.100 37.7
110/09/23 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.100 6.7
110/10/28 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 25.9
110/11/25 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 21.1
110/12/23 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 20.9
111/02/17 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 86.9

3 LE = mg/l e
2R EARRE A TATE S - M TORF A ERNRE  RIERMEP A TARESY - r TRE R F RS .
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B* 7R A S ER(RAP) T 5 4 k4 ok ik f SL(HFS)4 % % LNAPL 3 2 2 2 5 7 ok
216" 9 B +RBlA 100 9§ %3~ J\UP#,?M (% 2%8)
sw [ gwew | ¥ | x| ew |mmeoy [movy | x| FEUR

E p% BN

58 0.050 10 7.0 100 0.40 10
58 Tk

5 T plEE 0.025 5 3.5 50 0.20 5

111/04/07 | <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 12.9

111/05/05 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 18.7

111/06/09 <0.001 <0.001 | <0.001 <0.002 <0.001 <0.001 10.2

111/07/07 | <0.001 | <0.001 | <0.001 <0.002 <0.001 <0.001 19.0

111/08/04 0.0024 | <0.001 | <0.001 <0.002 <0.001 <0.001 24.1

TE-C5 111/09/01 <0.001 | <0.001 | <0.001 <0.002 <0.001 <0.001 25.6

111/10/06 | <0.001 | <0.001 | <0.001 <0.002 <0.001 <0.001 18.5

111/11/03 <0.001 <0.001 | <0.001 <0.002 <0.001 <0.001 13.1

111/12/01 <0.001 | <0.001 | <0.001 <0.002 <0.001 <0.001 11.1

112/01/05 <0.001 <0.001 | <0.001 <0.002 <0.001 <0.001 11.7

112/02/02 <0.001 <0.001 | <0.001 <0.002 <0.001 <0.001 35.7

111/04/07 | <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 24.4

111/05/05 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 34.5

111/06/09 0.0022 | <0.100 | <0.100 0.0097 0.009 0.0021 37.8

111/07/07 <0.010 | <0.010 | <0.010 <0.020 <0.010 <0.010 30.6

111/08/04 0.0131 <0.010 | <0.010 <0.020 <0.010 <0.010 36.5

OW-07 111/09/01 0.0023 | <0.001 | <0.001 0.0085 0.0078 0.0033 60.9

111/10/06 0.0101 <0.001 | <0.001 0.0113 0.0106 0.0061 53.7

111/11/03 0.0021 | <0.001 | <0.001 0.0077 0.0071 0.0025 26.6

111/12/01 0.0014 | <0.001 0.003 0.004 0.0037 <0.001 48.1

112/01/05 0.0012 | <0.001 0.002 0.0027 0.0023 0.0012 52.3

112/02/02 | <0.001 | <0.001 | <0.001 <0.002 <0.001 0.0028 131

111/04/07 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 184

111/05/05 | <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 18.0

111/06/09 | <0.001 | <0.001 | 0.0015 0.002 <0.001 <0.001 110

111/07/07 <0.001 <0.001 | 0.0022 0.003 <0.001 <0.001 14.1

111/08/04 0.0066 | <0.001 | 0.0020 0.0027 0.0025 <0.001 36.6

OW-25 111/09/01 <0.001 <0.001 | <0.001 0.0024 <0.001 <0.001 59.9

111/10/06 0.0020 | <0.001 | <0.001 0.0024 <0.001 <0.001 30.8

111/11/03 <0.001 | <0.001 | 0.0011 <0.002 <0.001 <0.001 12.7

111/12/01 <0.001 <0.001 | 0.0011 <0.002 <0.001 <0.001 21.3

112/01/05 | <0.001 | <0.001 | <0.001 <0.002 <0.001 <0.001 21.6

112/02/02 | <0.001 | <0.001 | <0.001 <0.002 <0.001 <0.001 35.5

111/04/07 <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 24

111/05/05 | <0.050 | <0.050 | <0.050 <0.100 <0.050 <0.050 4.6

111/06/09 <0.001 <0.001 | <0.001 <0.002 <0.001 <0.001 <1.0

111/07/07 <0.001 <0.001 | <0.001 <0.002 <0.001 <0.001 2.7

111/08/04 0.0036 | <0.001 | <0.001 <0.002 <0.001 0.0015 6.2

OW-26 111/09/01 <0.001 <0.001 | <0.001 <0.002 <0.001 <0.001 14.1

111/10/06 0.0014 | <0.001 | <0.001 <0.002 <0.001 0.0034 14.7

111/11/03 <0.001 | <0.001 | <0.001 <0.002 <0.001 <0.001 8.7

111/12/01 <0.001 | <0.001 | <0.001 <0.002 <0.001 <0.001 8.2

112/01/05 | <0.001 | <0.001 | <0.001 <0.002 <0.001 <0.001 5.1

112/02/02 | <0.001 | <0.001 | <0.001 <0.002 <0.001 <0.001 12.9
0 LHE = img/l e
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(2) GIT+RAP 25 = 3 7]

N ASRAREITLEARERD DR FORET S D RRFAV R
SN E FIP S SR E S A E R 2 ENEERHE- 52 15 o ¢
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v R A AR R (RAP)EFe 5 4 F R4 R TRk SL(HFS)E 2 % LNAPL (542 2 3% & 7 -k
¥ ¥ £ 4 AR R (RAP)ER Z

. P I LU B2 el AL
217~ 9 B +RFIR, 100 ¥ # % GIT+RAP 2% ¥ 3 7K E RIS %
. . . REARE
B P E3 L3 T F FH-"F Mo % # L
FoHEE TR 0.40 10
0.050 10 7.0 100 :
A AL
FoEE TR 0.20 5
0.025 5 3.5 50 :
i3 R BRI
111/07/07 <0.010 | <0.010 | <0.010 | <0.020 | <0.010 | <0.010 | 13.9
G#& )
11170825 <0.001 | <0.001 | <0.001 | <0.002 | <0.001 | <0.001 | 16.2
GR% 15 % 1)
111/09/01 <0.001 | <0.001 | <0.001 | <0.002 | <0.001 | <0.001 | 66.9
(%15 % 2 1)
111710/05 <0.001 | <0.001 | <0.001 | <0.002 | <0.001 | <0.001 | 385
(RAP %} 4 ¥ )
HES- ) 1110713 <0.001 | <0.001 | <0.001 | <0.002 | <0.001 | <0.001 | 12,5
W01 (RAP B 1 %)
111/11/24 <0.001 <0.001 | <0.001 <0.002 <0.001 <0.001 9.7
G515 %5 1)
11/12/01 <0.001 | <0.001 | <0.001 | <0.002 | <0.001 | <0.001 18.4
GE= ¥ 21%)
112/01/05 <10 <10 | <10 .0 <1.0 <1.0 24.1
(RAP 2§ 4 3% {8) )
112/01/12 <10 <10 <10 <0 <1.0 <1.0 38.2
(RAP B~ 4} %) )
11/07/07 <0.010 | <0.010 | <0.010 | <0.020 | <0.010 | <0.010 | 14.7
GRE%T)
111/09/01 <0.001 | <0.001 | <0.001 | <0.002 | <0.001 | <0.001 | 13.5
ks ¥ 1)
111/09/06 <0.001 | <0.001 | <0.001 | <0.002 | <0.001 | <0.001 | 14.7
Rt ¥ 21%)
111/10/05 <0.001 | <0.001 | <0.001 | <0.002 | <0.001 | <0.001 | 32.8
(RAP %% 4 i f2)
HES- ) 111710113 <0.001 | <0.001 | <0.001 | <0.002 | <0.001 | <0.001 | 237
w02 (RAP B~ 15)
11/12/01 <0.001 | <0.001 | <0.001 | <0.002 | <0.001 | <0.001 43.4
GEEk s % 1)
111/12/08 <0.001 | <0.001 | <0.001 | <0.002 | <0.001 | <0.001 | 20.6
Gas i % 21 %)
112/01/05 <10 <10 <10 <0 <1.0 <1.0 13.4
(RAP 2§ 4 ¥ 15) )
112/01/12 <10 <10 | <10 .0 <1.0 <1.0 12.0
(RAP B~ 11 15 )
T LLE = img/l e o o ,
2Pl AR A TARE S MR TORF AT RNRE S RIS A TAREE Z e T RF L ARE -
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S+ BpER 0 2023#57 18p T =

= oL g 24 A
AN .,:5%.';’3‘3?}@45

RS HFS-W01
GIT3 B AT

® R A 111/07/07
GIT#& 5% 1:8

8/25

i ).
GIT: Bk 14238

RAP B # v 438
RAPH H 1%
& A 3 ¢ 111/10/13 Al a 111013

B50 ~ " bk E R, 100744 &
GIT+RAP 5 # 3 F K B R B& A

UBBAREKRSE
®)) et dpaen 245 CMC

.7/ CPC Corporation, Taiwan 1k 7 3 53 4 L2 3]
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L+ BpER 202352 18p T = 05:08

B ® R A AR PR (RAPMER 5 4 ok 4 R 5ok & SL(HFS)4 % % LNAPL /5 %2 3 4% 5 7 ok

BE R B Ak HFS-WO01 HFS-W02

GIT: X514 118

GIT3 81428
RAP & 7 ¥ 438

RAPHR i %

E R B 112/01/12 Bz B #5 : 112/01/12

S0~ T pibikE B, 1005848 E BrRmBEAXS

GIT+RAPR 5 3 T A B BRI B K (8) P) Ettimnnen SCMC
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3?%#&#%&%

AFEENE L AP AL D BRI 3 0 ERE (£ 5L TE-C5-OW-07>
OW-25) > + 111 # 01~ 02 # 34 {7 2 =c 3 Tk p i >
#¢ w44 v TR (2 55 0 TE-CS ~ OW-07 ~ OW-25 ~ OW-26)#4 17 2 = (111
£ 0510 7 )p TORERKWRBIITE CRBIAD S F T F 22 F

S IER YRS

A ’\"ﬁw
=
.. 1;{3

i

@)

=

LA E A SRR Y 2 RS éﬂ»ft‘)’”ﬁf R
07?¢n1ﬁozaim@ﬁﬁzwb#aﬂﬂaﬁ% Bk TR R AR
B g R TE-C5~0W-07~0W-25 % % #& 1) TPH R E42iE % = 284 T ki3 %
Em%ﬁ,i%iidmﬁﬁﬁﬁﬁﬁM1xTLm%éwi &g
BB BILAWSL TS %04 180
mg/L 48 7% 5 81644 (TPH)
30
—e—TE-C5
. —o—0OW-07
—o=(0QW-25
12.59
o e N ——O0W-26
7~4,/ \
5.48 ) 63 — EHRE
- 3.78 2.65 / » el
o 126N o — 1.69
<1.0 1.27 1.24~"% 0.40 e
& % = 3
rd & e = &R A
= = = ¥
B51~ TPk E R 1005 H B 3R MR R DuNT=2n®
W KA E s B Ak E A % H @ st SO
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)"@J.?f

T 4 A R(RAP)E TR § 4 Tk 4 R TR i SL(HFS)3 % % LNAPL 55 2 4 5% % 7 ok

% 18~T 7 B +RBR, 100 8 %3 L”ﬁ#ﬁ&ﬁ%«?‘l**

'—%&U %*{Eﬁp i E’i LJ"F :’5 Mz:":"ﬁiilLb‘J[ﬂ
b= ATk 0.050 10 7.0 100 10
3R E AIEE ) '

H:Z‘LF%TJ‘ 0.025 5 35 50 5
54 R : :
111/01/13 | ND<0.00041 |  <0.001 | ND<0.00040 | ND<0.00057 5.22
111/02/23 | ND<0.00041 | ND<0.00037 | ND<0.00040 |  0.00161 1.268
TE-C5
1110524 | <0.0100 <0.0100 <0.0100 <0.0300 1.26
111/10/13 | ND<0.00041 | ND<0.00037 | ND<0.00040 |  0.00108 1.69
111/01/13 0.0017 0.00146 <0.001 0.0366 5.48
111/02/23 0.0015 <0001 | ND<0.00040 |  0.0206 3.7774
OW-07
111/0524 | <0.0100 <0.0100 <0.0100 <0.0300 2.65
1111013 | <0.00100 | <0.00100 | ND<0.00040 | 0.00451 2.46
111/01/13 0.0202 <0.001 <0.001 0.0129 7.54
111/02/23 | ND<0.00041 | <0.001 | ND<0.00040 |  0.0077 12.5876
OW-25
111/0524 | <0.0100 <0.0100 <0.0100 <0.0300 124
111/10/14 | ND<0.00041 | <0.00100 | ND<0.00041 |  0.00272 6.30
111/05/24 | ND<0.00042 | ND<0.00040 | ND<0.00037 | ND<0.00115 | <0.500(0.402)
OW-26
111/10/14 | ND<0.00041 | ND<0.00037 | ND<0.00040 | ND<0.00057 0.75

30 LHE = mg/L e

2REAR A TARES - M T RS A ERNRE > RIERMEP L TAREY - e Tk R F RS

104




L+ BpER 202352 18p T = 05:08

- 4t g = 2A
AN 6%-‘;-, fsz@{ﬁ

3. AT ER

IEIPERRDFHRIEEIBE 0 d ¢ TR R P RERE
HAWIS BEFRAIF AT O D RARBEUAIFELT 24m s 1 B
IHEERITHRBEESEE 06 20 U FID &Pl > ZREHPEEZEAY B
BIFER ZF T F N FNZ B FEREMRELTMEF B 1 E(110 E)2 TR
AL Hp ¢ (110/09/23) 08 & (110/11/25) & 3Rl - = » &% 2 &#(111 £)2 &
BPHEF LB E - BT 2 E S 3 E FEREBE Bd 111 29 v w3 111 &
10 2 #4 7 o

d 2 t@iﬁﬁﬁi?d%‘%?'ﬁ NF ST F N FE 2P F2 DRIESE Y MY
EHRRUE TRTHRE T EPAREIEA LIRS 2T RIR
THAE LSRR R CABE B LE 52 d 2 E Rk Ao 0 jEYE HFS
Mdoik(¥) 18 2 2 )2 R4k 2 S03 2 TPH JkA% F T% » & 111 # 03 2 06
D FF S ILBTRR R G L B R R B R FE 0L B 38 0 BEAE HFS i AEiT(X)
11 2> = )3 e S01 2 TPHIR &R~ F P AR ™ "5 > BEor A7k G Sudp R ¥ 2
FABELD KRB FL Ao x,!rt oA E 2 A ETH T RN KDL 195 BB
R P LW 53

mg/kg BREHmE &5 (TPH)
35000 =
a1 GIT*% i® | |GIT* i®
s0000 | , 08/15~26| [11/14~25
25,000
21245 20,786 20,681) 20,806
20970 20,754 21,019
20,000 204 go710 2093 £1S01(S01")
= S02(S02"
15,000 14, o o
0503(S03")
i 9,306
10,000 79
5,828
2000 ¢ 2,640 TPH2 355 % 41
, ABEEFLT Y
| 199 | |1,032 66 L2 © 1,000 mg/kg
<1.0 ' : —
< ™ [Te) o @ 0 =)
s & & g § £ g
S 3 = 8 S S S ERpH
= > S = = = s
o — — — — — A=
— — — — — — :
W52~ T kBl 1003 % % 3 38 28 Tl HURHzELS
BEARICLEPERRABTE (D) stpumsinen SCMC
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),@;3*

TR 2 A A (RAP)SE R 5 4 ok 4 ik TR b SL(HFS)4 %% LNAPL /5 %2 2 4% 2 7k

4111 # 03 % 06 7 fie & TLH-TRI X % 104 78 AL » 2 AR ELEE S [

2 19-T7 BBl 100 3 H W23 TH T RS %
wpow | mpmn | R L e Lag | o | B R | REARITES
i# B (m) =% | ="% | TPHg TPHd
B SR FIRE 5 500 | 250 500 1000
S01 4.3~4.4 <1.0 <1.0 <1.0 <1.0 <1.0 970 1,670
110/09/23 S02 4.5~4.6 <1.0 <1.0 <1.0 <1.0 <1.0 367 5,461
S03 43~4.4 <1.0 <1.0 <1.0 <1.0 <1.0 970 >20,000
S01 4.4~4.5 1.8 <1.0 <1.0 2 <1.0 >7,600 12,808
110/11/25 S02 4.3~4.4 <1.0 <1.0 <1.0 <1.0 <1.0 1,245 >20,000
S03 4.3~4.4 <1.0 <1.0 <1.0 <1.0 <1.0 754 >20,000
S01 4.7~4.8 <1.0 <1.0 <1.0 <1.0 <1.0 4758 4548
111/03/10 S02’ 4.4~45 <1.0 <1.0 <1.0 <1.0 <1.0 786 >20,000
S03’ 4.3~4.4 <1.0 <1.0 <1.0 <1.0 <1.0 710 >20,000
S01° 4.4~4.5 <1.0 <1.0 <1.0 <1.0 <1.0 ND 199
111/06/28 S02’ 4.4~45 <1.0 <1.0 <1.0 <1.0 <1.0 624 14704
S03’ 4.7~4.8 <1.0 <1.0 <1.0 <1.0 <1.0 31 1001
S01 4.5~4.6 2.2 12 48 18 18 5098 2893
111/10/05 S02 4.5~4.6 <1.0 <1.0 <1.0 1.1 <1.0 1019 >20,000
S03 4.7~4.8 <1.0 <1.0 <1.0 <1.0 <1.0 681 >20,000
S01 4.7~4.8 <1.0 <1.0 <1.0 <1.0 <1.0 ND 66
111/;f/20' S02° 4.4~45 <1.0 <1.0 <1.0 <1.0 <1.0 930 >20,000
S03° 4.4~45 2.1 <1.0 <1.0 <1.0 <1.0 806 >20,000
it L¥ = mgkg -
2P| EARREIA R A T ACE S T A F FIRE o
3.7 A & % TPHg ~ TPHd 4o 7 >7,600 mg/kg #>20,000 mg/kg % 7 5%+t LB W > 57 a0 % tep o 49 o
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L+ BpER 202352 18p T = 05:08

= 4L b 2t 24
23 .,:E%.‘;’E‘? “;Tj’@é\n

Ak B # S01 S02 S03
110/09/23
110/11/25
111/03/10
111/12/20
-21
53 TdhbkE | 10054 E BUBBZExS
IR BB L (D)o oM,
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B 7 E A AR EAL(RAP) e § 4 ok 4 it e Tk b S(HFS)2 %t LNAPL (3 42 4 2 3 7 ok

(Z)RAP R 5% { 2 %%

SE-HHEIRTRY 24 RAPEF £ 22k 2 53 M T e

- 3na R iEd 1 ERCRAIZ G RAP i/ sk s A#H - &

FHEF FORGLPERHT > R F L F et 40 2l Bk

T 5dice % 2 %A RIS TPH # T kA 4k BFY 2 A K3 QR

A% .umﬁi; tmAz Al 4 o

CEPLCET FURED DR ¥ R AR Bt e
mﬂﬁgkﬁﬁﬁwﬁu#?%ia AL Pl o § R 2
FAJ CUEIE e o SR E A N A = S E

PR A TR R AR BRIEL P ARSGE 0 &0 (diesel fuel) A & = A
I % nonane(CoH) ] -+ = *% hexadecane(CisHz4) & % 5 9 | 18 B st
o gtz s TRIR R ST A ) BN B B R AL (YA o
BT e RS TR AR FEAT > VE LR
RAP B w3z 2 44 ~F4 > 8 B3mpeigdsd ;i
Peo RS FE ARERIME G e E S F B ERTH N R

[ A N N F

4;

IR
)

1. RAP =% 4 #

RAP #_ Azt o éi\"g‘4} BE XA L &
EEAE S TSR A IR A I AL S O Say |
EERBEFTL2ZF P i 5 e - s BEE
ST(RUO) ade M IRBE TX L3 A2 45 pd AF L2 (5 3 k2 84

FedF (RuO4>) » * RuO; 2 RuO4> % -45% 2 RuOsF i ¢ 4eik p 5 14 o
45t 1\2~3ogﬁr§¢;§wg_? RuOZ 5 EF % F 144 25 v & 7§ (vopgi
EF G0 HATRERAET Y -
RuOz, + 2 - OH + 20H™ - Ru0,*~ + 2H,0 £
Ru0,”>” + - OH - Ru0,” + OH~™ (7 2)
RuO,, + RuO,” + 40H™ - 3Ru0,*” + 2H,0 (% 3)
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S fARAP R AR fof AT o WAt 2 RAP A » 3§ R

Yo I 550°C MEfs > TR AT a2 23R iER £/ SBRRL Y E
#12 ICP-OES A2 45 #4755 % 4ok 200 o178 F s dm icFa 4 o j‘I)L
"ﬁ SR ER-M: @ RAP G FALR S > £ 5 f PERF Ak 0.0053% (wiw)
2. Ru~ 0.072% (w/w)2- & %-M ~ 0.0012% (w/w)2- Zn ~ 0.024% (w/w ) 2- & -A -

220 RAP M2 § /2 ffELH

" % (W/W) % (W/W)
Ru 0.0053 0.0000
M* 0.0720 0.0012
Zn 0.0012 0.0011
A* 0.0240 0. 0000
*M-As* 2B 4R
2EEY 5 "éB"l E=ATR

A
MDL= 0.1~50 ug/L(lZ\m% 2 AR oo BT

2 FEE-LF 12
RAP 55 £ 4 2 4 é&3d% 5 4% » & RAP (1 g)gt=uwitif 1 2 S5 ¢
= (5% &éLkd”PF@“l%wé&ﬁlﬁ%@ﬁiiﬁﬁxﬁﬁwm’
WAL AERT ORAPZ B4 2cF s 4o 2 L 28R spH- L5 nE 2
PAPRERF - L L4 RS54 NHE LTS BEERR%RDTRE
FTRAFEFRLF ey PR L LEAR pH B2 R E R

RRE
BEEE

'x\A |

\\ .

\| |

\d

<> ® pumsn
e e

BEER

WS4~ %5 F 22 RN
(1) &5 FEF
AETARBLF R TRIAFAED 125424228 ¢ 0s/h» B
PR RIRFHRAP L L2 REEE-d ¥k? L RRRA 1P Far
f@?iﬁi, ﬂﬁLg\ﬁ%EJ— }’#‘E’q_’ﬁg‘i 1 JE&/FJ\:‘#]P\;'i ,E: ?frjl_'/nli-':m’}{é
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B ¥ 2 A AR (RAP)H R 5 4 -k 4 % ik ik % SU(HFS)4 4 % LNAPL 5 2 3 8% 3 7k

AfRLFRR c AR oA 21977 > BF T 5 1.25-242 ~28g03/h£% ’
ke L5 ABREA S S 1223266 mg/L Bl fefmFe k3
fRLFER SOV R R o LA BdpkEor (R S5 FEIRS G 125-242-28¢
Os/h 2. RE 4 %] 5 84~98~100% - £ # 223 “3i+‘”<ﬁtsp TR H g2 %
: rmf#&nb kY L5 ERERB 2 28 g0sh L5 ief FEMFFLL 45

\\\?{y

w7
i

%n\1k$§L$m*ﬁ%L¢ﬂ$$$ﬁ%ﬁ

LSEFEFEMAF (Ozgh) | k¥ 355 kR (mgl)
1.25 1.2
2.42 2.3
2.8 2.66

100 100

80

60

RE(%)

40

20

1.25g O,/h 2.42g O,/h 2.8 g 0yh
[03]ag=1.2mg/L  [O3]ag=2.3 mg/L  [O3]ag=2.66 mg/L

W55 55 ‘F?‘Elmw Hisgisd RAPLRE;EZ.’;S

(2) FERER

Beyh i (W 56) 0 i B2+ 25+50-80°C T H T »RE ¢ # & A 8] 5 80°C
(100%) ~ 25°C (53%) % 50°C (36%) + @ k© L5 ERSEER 2 B @ % X+ 25°C ~
50°C % 80°C T k¥ L% kR A~ %5 2.66~0.14~0.024mg/L - &7 &3 B IEH
T o, gk -‘3—§ FHh Mo Birnn i RAP__FL‘E‘ 4}}%{@/?]4 P ABET
IERi:E Kd»f}ﬁ/[‘ub B;HRKIT }\/6,;13:‘ v ZxiE * 80°C i 4 @%&gio

1

* 3
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L+ BpER 202352 18p T = 05:08

100
—&— ozone concentration (,,,
{25
80 |
420
S 60} =
SN 53 o’"
e
= 115 op
- £
40 - 36
7 410
20 |
405
0 = 0.0

25°C 50°C 80°C
W 567 kF#HETERTHRAP 5§ £ 2 RE 2 %

(3) # it pH
:k&ﬂif,iiw. ApHS5~7~8~9 M2 127 » @24k T pH % RAP 12
f 2 REcHEE o« F %25 4cW 577 »pHS5-7-8-9~12 T2 RE &
J 51~60~71~100~100% ¢ @ & pH9~ 125 T »RAP M %5 £ 4 2
RE % it £ 3] 100% » <& * pHO 1% 5 B if ¥k o

it 4*‘?

-
=4
=

100

oG
€€, %, 6, ¢
et el e
B
33
€ 4,6, 4,4
eTe e 4 ¢
80 4 c:c:(:c:c
ele e < ¢
OISt
35370
€4, 6,5, %
el e e e
60 B
S
60 «’4,(:%«
B
< «
51 % i
~ EDEDE e
=) e ¢ e 2
o~ el
< BRI
= BOCHIC
el
z 40 4 Lt e
eTe e ¢ ¢
e
BT
BRI
B
MR
B
20 €55, €64
€54, 6,5, ¢
e ¢ < ¢ ¢
BT
c:c:c:c:c
ROCEE
04 ‘A sl e ¢

pHS pH7 pHS8 pH9 pH 12
W57~3FHFEEpH T HRAP N & § £ 4 RE 2 {428

111



To 7 & 2 Al A (RAP)E e & 4 JK 4 0 % 07k & Sa(HFS)4 % % LNAPL /3 % 2 2 3 2 3 7 ok

4) L2PERF
RIS A BRI PR A PFEF41-2-3% 4hr R RAP* 2 p 45 1
APBEFHREGE R - 25T (WS58) L APFF 1-2-3% 4hr T2 RE » 4
538-83-87~100%¢°f 24 - ] Fd B L F RREFRE, 2 kY L5 E A
ERTF AL AT RLG8%) A EE A 232 4hr2 REBZESTRZD
B AR 2hr 8 AFRAIF Y LRI AR BT R )@F‘i‘ i@q
be s RE %2 3% 2 (83% ~ 87%% 100%)* wxis FF s &% £ 4 PR 4hr
SRR ST RS
100
87
80
= 60
X
=
R 40
20
D 3 hr
W58 2 2 FH RAP &5 £ 2 RE 2 2§
3. $xHB’/E 22 RAP R} E 375
RPREILR F R G RAP S 3 £ 0 B-H Bt 3 & ofs 1w it A iE 2

B sReLig 2 ﬁﬂ/ﬁ_f—@f? BB R
¥ o RAP .4 4 26/ f 4 Jiok ey S 55 % 4o W) 59 “T7 > Fresh RAP i -k
2 1150BV B> Rt & 0.22gCOD/gRAP » | 2 {5 — =tie 7l ik
2 ft(eycle 1)F 3] R i 5 0.16 g COD/g RAP » @ 14 3 & (7 = = e i/ f
2 cycle> RS E Yy dF 2 0.14 g COD/g RAP F ™ » &7t = < 3| - Tfg
TR o Rk B 2 1 R A% R R4 % % 18 L3¢ Fresh RAP (RE=70%) -
Hpl v o B Rk A RAP I it it LT L 4 Al 4 BT 7

fo € G BMAUTH Btk Rl LRV U efe R REFETLL 0 SA T
e S/ R A BB E & € fr FreshRAP 2% 5 o
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FgpER 0202357 18p T = 05:08

0.25
—O— Fresh

—A— Cyclel
—— Cycle2
020 - o Cycle3
—¥— Cycle4

0.15 -

0.10 -

0.05

A M &K E (g COD/g MAC)

0.00

0 200 400 600 800 1000 1200 1400
Bed Volume

W 59 ~ RAP it §inex Wi

4 B3 REEH-ZFES

RAP % § £ 4 2 4= 5 5 1]% BH8 92 > £ RAP (1 @i 74 4 »
:"%"/E\#\?%?g Fﬁ% /n__?} 4L/m1n7\1%\ BT Lﬁiz P“:"E‘LBJ’?F’&’BFFQ

(1) WA & = Ak sk

= ECRLR E A G Ay ATk COD ,ﬁ;fi #-25mL ¥4~ S
L p &k, AT R FNF o RF 24 o) pE A@l"ﬁﬂr’*%k@
COD k& % % 55 mg/L # 4@ 60 #r71 °

RF WF»_:IMH“ f

5L -k+25mL %4 ®F 24h ]% 240 B RE B AED R
(3] sk g iF) (& *k#D) J #17 RAP L 2 5%

B 60 ~ & = -k Ok 8L & e
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B 7 R A QS IR (RAP)ETE 4 Fk 4 ¥ e 057k ¢ SL(HFS)4 % % LNAPL /5 %2 2 3% # 7 &

(2) ¥- =< GIT/RAP- 7 § £ 4 ¥ {TH#I 5 5%
B~ 1g * HFS-WO1 &5+ % — =25 (¥ GIT/RAP 2z » 47 15> £ 40 » 300

mL p R-RIUEEEFE N F R AREPH 2 Ry E 5 4 Lmin 2 k8
TRFEL A EKR L6l &3 B KDO(F RF)COD LA 5 55mg/l > =
" RAP * £ 5 01g RAFRL S 122 3% G384 REL 4 »F
(RE):i& {7 v B384 4 22 > 2372 RAP &%t # 5 0.31 g COD/g RAP » 33
AN K d 42 RAP e £ 4] 0.05g COD/gRAP > £ 4 12 % 3 % 2
s A 5 01902222 0.17 g COD/g RAP » s B A4p 7 » i 51 2 1

v

T AEL L A B flice ¥ i3 AR ARSI % 0 5 HFS-WOI % - =2 GIT/RAP

F4F L4 4P #022gCOD/gRAP 2. COD = o d pt V3 3 4
L2 13388524 4 Fockipir o

\AK
J/p—
2 =

BLEEBH

W61~ &= -k kikiE 2 6 FR%&ET R

RE =2 x 100 % (3 4)

dorig
Greg = # 4 @5t # (g COD/g RAP)
Qorig = Yas <=1 ’/”~7‘§£Z(g COD/g RAP)

%22+ %- % GIT/RAP 7 I & 2 % i & W (& 2k ED)

REiEE HE P COD (mg/L) q (%)
&3k #EO(F RF) - 55 N/A

237 RAP - 24 0.31 g COD/g RAP
Ai 2 50 0.05 g COD/g RAP
£ 4 1day 36 0.19 g COD/g RAP
£ 4 2day (gfs;ygllﬁﬁp) 33 0.22 g COD/g RAP
£ 4 3day 38 0.17 g COD/g RAP
5§24 4hr 33 0.22 g COD/g RAP
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d % 23 2 [§] 62

¥ x> HFS-WO02 2

RAP w3 %

TP 4 R #Hcis o 2 BB 1 g 3t HFS-WO02 &5 # % - =t %5 ¥ GIT/RAP #
F#i%éﬁé? o £ 2k @OCOD kA 5 55mg/L » =2 %t:2% RAP * £ % 0.1g-
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