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Soil washing is a technique of concentrating contaminants through separation. Itisa
dynamic, physical process that cleans contaminated soil through transfer of the contaminant
into a liquid stream. It does not destroy or immobilize the contaminants. Three
mechanical washing methods such as jet reactor, attrition, and ultrasonic washing were
commonly used. The objective of this study was to evaluate treatment efficiency of the soil
washing system in a petroleum hydrocarbon contaminated site. In particular, the technique
of cavitation micro-jet shock wave soil washing system (CMS) was employed onto
petroleum hydrocarbon contaminated soils.

A two-year study is conducted in a petroleum hydrocarbon contaminated site which is
located in Kaohsiung. The major tasks in the first year were to evaluate the removal
efficiencies of total petroleum hydrocarbons (TPH) from contaminatd soils by CMS soil
washing processes under various operation conditions. The first step was to use air-
injected CMS soil washing system to treat lubricant contaminated soils. The cavitation
cleaning time was set up at 10 minutes. Concentration of TPH ranged from 1500 mg/kg to
12000 mg/kg in the contaminated soils. ~ After the cavitation, the concentration of TPH in
the lubricant contaminated soil is about 1358 to 2424 mg/kg. The removal efficiency of
TPH is about 70 to 83.2%.

The ozone treatment was initiated in June, 2020. The recruitment of ozone or the
cavitation cleaning time were adjusted to assess the best operating conditions for removing
TPH from contaminated soils. The addition of ozone in the soil washing treatment was
increased to 27 L/min and the cavitation cleaning time was 20 minutes. Currently this is
the optimal operating condition for the past 18 months. Overall the removal efficiency of
TPH was about 84 to 92%.

Water quality paraters were monitored in the CMS system. The pH was maintained
at 7.12 to 7.97 in the wastewater. Dissolved oxygen was at 3.01 mg/L to 6.30 mg/L.
Apparent increase of TOC and COD was observed. After the cavitation washing, TOC in
wastewater was increased to 7.10 to 50.0 mg/L and concentration of COD increased to 18.9-
260 mg/L. While in the ozonation treatment system, TOC varied from 8.00 to 35.2 mg/L
in the wastewater and concentration of COD increased to 25.4-116 mg/L.

The study used the cavitation soil cleaning technology to clean up oil-contaminated soil.
The CMS system does not require to add additional clean water to increase the contaminant

removal rate; the soil was mixed with muddy water during cavitation cleaning, and the



microbubbles generated can directly make oil-contaminated clay to float to achieve oil-water
separation, without the addition of chemicals to separate the oil. The muddy water was
dewatered by a centrifuge to reduce the moisture content of the dewatered sludge, and the
water was treated and recycled. Overall, the cost of this technology for soil treatment is also

lower than other treatment technologies.
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BT RS
ER AR & W LWE 60 52.2%
g TOE AP - 10 8.8% 49.1%
G MR 46 40.4%
*
3o A1 EgE 2 39 34.2%
FEARd 5 2 29 25.4%
teapdF g 2 RIS 26 22.8%
b TR R 6 5.3%
APRF - 0.9% 5.3%
iiﬁ%@ﬁ% 5 4.4%
%
Y B e | P = e 5 4.4%
Ry 7GR LR BE 1 0.9%

o

Y 2R R R TR AR R AT G R (R R E 0 2014)
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(a) 3 EAESF i 2

(b) 2 HiFikl L7 i
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Volatiles Emissons
l water reused Ec":rﬂ;“ Eishide b B
Contaminated Makeup Water Recycled Water
water and 3ol
detergent Extracting Agert(s)
(Surfactants, eto.) Shemicis
wash l
water treatment clean water Soil Prepared Soil Soil Washina Blowdown Treated
plant Homogenizing/ Process Water Wastewater Water
. e —_— >
scrubbing unit X Screening Washing faatioant
4 «Rinsing
-Size Separation
-Gravity
ER,
polluted soil Rt 4 Cortaminated
.. to second cleanup 3 Sludges /Fines
PRI method or landfill ol
7~ clean soil. * Clean Soil

Oversized Rejects

A 4

01-008 (USEPA, 2001).
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AR R TR BL o e h PR 4 5 AR A e TR
w2 P 2k > 7 A (cavitation)*t A 4 EE R - ARG 0 AR A L_%J i AR
P B RPN RS MR MR IR AT TR G hE A R Flitat
ﬁ%]ﬁm,,z’ﬁﬁfs—g Bt heA A RIVT L g iR A e 0 P AR g e o AR
R BB EFRM A o f e AT G R ) F e R RR R
Fafé » d WX FIRE R GRS A P A ORE FRER
PEF e € ARG R [ RS o f i AR mR o F e B R L BT S
e RBEEN Rokd FeTA L T FEN o L EFRWT]S EARUBET e o @ fi*ué_fs
B b chi Az o M g A i F o g A 2 gRpF ik sy PR 4 o & (Brennen,
1995) » yt B 4 ¥ 5 B 1£10% atm - 8 A& ¥ it 23000 K (Riesz et al., 1985) » R S AT
spcrg St(micro jet)IR % 2 @R L > W ¥ A% i# (1,500 m/s)® & gk |2 (Ohl et al., 1999;

LR iR e R

Soyama, 2005) » F]pt ¥ R-H g H 3 2GR R oo
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LA £ S RN SRR D - PEE 13 VAR SRRt S A RSN ) P
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FigpE R 0202237 8p = 10:18

% 48 (cavitation)F AF R 2
“r3) Z 4 (cavitation) > § A r T ARIEL F AN F LIV E o ARG EkE R
BACKRM Y i by giﬂﬂrﬁ% ﬁ_fﬁﬁc o 2 T EF A R AR T 4 &R
BRGE E R B o ERIA PRI R PR A MR g
PR R T TR G oinge e § R wfﬁwmjﬁ i M- B A 2 RF T I G
A AN F oo AR mF e AR A - BRI O EFRMEE O F
xﬁﬁ%%w%@@’ﬁiﬁ&%w@@@@’a%;ﬂ%éﬁ FR 4 g A hg

o RBRA BRNOEoOLF R M pfrﬂ? & g&}t%)jl]m@‘{ﬁrﬁ A= (Brennen, 1995) -
FF e R T o F e B R A EAT T RN R FieTA S Rk
N AR S(micro jet) > 4e B 2-1(Soyama, 2014) #1775 e

gL n,v{;;ﬂ RREY GUR A4 R R T BN F 2 o0 2 frb cavitation bubble
collapse)iiis % o ¥ Z A F e ALAPF > v il & 4 RRME N 22 ) A o KA F T
A4 BIEBACE HEF L o B AR MF BRI AR EOE 2 R 7 Erehg
BT R BB TR IV AU F @3S (3 EHITF Y P 2009) o T EF U gt < F
ROBLEEF L % > dol § RAC ] D HES SIS g M LR
o Pk o

%2 Lfk (Soyama, 2014)
B 2-1 28727 L F



3‘;%/7?-/;%‘%5 LA 7 L;TfFT PR AR R RIE

22 ZRRELT BBRF i

BoabF AT R AR AR AR vt 1T B0 6 SRR L ) 2
st o A P ERPE LSS el & FIF MDA PR P RRT LT U
V- R AF RSP EENRAINS LAY L5 ORI I FXR2Z G A%
BP 32 pRABEIFTALAFIET RF > Al FRT > HAREL-112°C> &5 friv § {

-

FEAREANRY > B A0~30°C A fER G F PI3R o L HAME G A g5zt

SEAG R EF Y P F RAREF0.01~0.05 ppm BF o A BT e gl eRE o
b FlLF AL TG REDF Lt o HERT 207V B4 (287 V)
§ pd JA(OH -, Hydroxyl Radical)(2.33 V) » F]4&:% 25 B 3 it 4 chgFfd > e & &

FERATF o RASAKY LA AP RPTT FoeBHRY /AL

L5 G-I RO BRRPBEAPF LIS IAL AGE- B P F R
AR F A L FDEF pd AOH ) Flt > 2w EALFAE 5 pd AOH-) 2
AL E S A g (kY G e B e L5 3T S ERF RSP ADR
BFEAME B B LB M dok 21977 o b F F LiERY C ERF RER

3
BFBEOF CPEHTARFEFL > RAEHBERL 4 FHRLFFLEARL - BB
EERRKREDI R > BT €5 - AT B3I HE -

B 21 ? T AR BRRRRE > bF NIRRT R RS L 0 BaRILR
BRI ERE S L o Yt L P RF BRI RG A pd APFERY R
Pl S Pt B ERL kY §F AL F 4% G FERELS L5 —OH
—NH2~ —OCH; ¥ F it A2 PP RIEH# 2 EBPURFDELF T8 1 F B(F
%4 52003) e

ﬁ%*i?%@?ﬁﬁ’ﬁﬁiiéé
A RH G AR R e TS n f HRE R M Y § A4

A2 i 5 pd AOH- )& p R E

e

IR - I 8 O ?
ey R wmFARS NLF o
PFE R Ba o 5 SHPRTEF p D ARBUREEA 2T B o F] o 530

i
ZEL SRR £ AR SR S L L



F02-1 L% F (V22 #4)v R)

P BEEFR FEF &

R 35 ~7(0y) 23 pd AOH:-)
Fitad 5 PN

F s pH & pett(pH<7) ~ # {£(pH=7) i f2(pH>7)

F ik i e

e g

B EASeE BT R

RTFF b~ RE R

h
w

- &

MY FE & e
L%%ﬁiéé\%&\@ﬁm
3
iT% $iEH M (2.7 OH+ NH2~OCH; %7 it | &

PRI

3.2 e 4 2 it A

TEHF ~ RAT ~ 5~ fRiiA +

FEAE ~ FRF ~ S0P - R4




3‘;%/7?-/;%‘%5 LA 7 L;TfFT PR AR R RIE

23 % %%%5%&5“#T1%%}ﬁf%
R®KHF 53

AL RRHK B A BRLR R L S B 2-2 41 0 bk B Ak
FAEEY KR AT R AE L R E A R HRE Y R
dogie skt fe g £ RS 0 I KAl fo g £ R4 2 ki FAFREAL 20

ﬂ§ﬁt‘§)ff7‘iéﬁﬂﬁ}i’l"P“%’ﬁ%ﬁ""1’3_}‘5]\ Rt ookt FiE Rk F
VT TBRL F R B o eng g8 ¥ 8ok Y ekt 4 K (entrapment)
T AR5 R A 32 “,% ¥k e22 % (Edzwald,

t%¥ (adhesion) F & » £ F1 i % A %

=

m@ﬁg&ﬁ@f ﬁ% PePET BT e ¢ e AR RS BT 0 A B A
FeRE AU RT AR Y F AL A PP LI HB Y 0 TR G BT B S

ek M F ki L AR o5 AR E S CF HRE §5E 0 2014) -

10



b igpER 02022237 8p = 10:18

PR AN
(Cavitation hubble eollapse)
T MR
g (Micro jet)

.

& #(Cavitation) 3 M2 357 EH

D)4 %E L5 3 %5 it £ B

BB T
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24 HHFRBRIRNERIFIE
NEESBEE R PR EY 3 LF Ry CHNESE VS LS
EINEE: =R SR TN q-%/ﬁl’tég—é'r‘i% % F PRI AAREETS Z & TR
PRRAAP e A RRERBEREN
(cycloalkanes) 2 = 4 *z(aromatics) e = 2_ & Fid g a it £ & o AR R FHEING
BRI AR SR TR G .
AP FEHEERP P EFILTL > NS FRINE - A RPN AFRETEY

&2 = o (alkanes) ~ % 47 (alkenes) 2 Tk Y= 4

% A BT iR R Rk 171-176 - 183 - 184 ~ 186 ~ 188 ~ 189 ~ 190~1984 204" 3
B0 Buk g A 91340 200 o A u|at2010F A 2 2 E R~ 2016 AL 0 £ 1748 5L 5 4 i
B A d Hn (B]2-3) -

HREL AR ABEN CWF R ETHERD  EEN B R AR
R~ B o~ A R R A S PR REEIAI T TG AR 2 Rk
RRNEAH PR > FRAPBAFIENEFAF LA B2 5455 F
ST FCCFERTEAHRLCEY o

GHBRAIEEFRENDT AL B FAKE AR AT 46m 2HFHL
T4 91 2mempik s o TR RS 0 B kKB EE AT 20-22m 0 ¥
TokE G e RA o AFEBE TG L 40-50m B EKPELTE LS 22 (F
2-4) o
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- 17 N N »
G 16 —
\U e 15 —
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13—
| RC AC ]
\ 12 —
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Fine sand with silt, FS | "® ]
. o
Medium sand, MS e
- 8325
J 7
i soednimes 6 —
(m)
20 —
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19 —] -
] 19—
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6 — o
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Al

(2) £ 3 S ST R 2 B F A R e 2 B RE A A4
SEBRGLGEELT R AL M RGTH BB R RN 5 AL M
7R AR S R 2 AST AR o

(3) b miF A 4 IS HAR(RA)T R A KRS FI7 8% A #P/E0.25~5 mm
ﬁﬁﬁj@:*%uamqmﬁmqmn+ﬂﬁﬂhgﬁﬁ%ﬂqmﬁ £ B R -
Woirl ¥ 2453 2 ke TPH R @ -

(4) w53 A2 R G BBR(RR)TR G FRER o I RS g 2< 0.25 mm
LR S TR SR Y 5 SRS BT SRR HUER L EL R SN
® TPH k& Bl E ©

(5) e ZaFrz I FRE A bA 2 FHARRLFELLT o LF B A

fv o § PSS B EST T
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0.25~5 mm o A7 7 3R AR s iy FEH 4 3 SRR S ) 4 0.25 mm o
WUTE G L e BGRp
(1) FriZhar FEIBGRLIE BT FERIFIFRILINAL)EH -
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C.ag il i B T4 3gd eptlz ﬁia?]i BRI A @ S
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Adre B 2 EBE(N GRNIES A R TS AR N T SRR S
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B L 2 ATHHINF G R L AR

33 RAERA
(1) # 40 K 47/F 3% &

AEEF R F AP & 15 R(GC/MS) (HP 7890/5977, Agilent, USA):E (7§ H 1= 2%
2o B AaAT 0 #rié ¥ e 3d 15 DB-5MS (Agilent J&W, USA) » p j£ 0.25 mm > F 4
WEEE R 025um> 60 2R K o A FHIBHRE F o
(2) Mk F Bk

AR 6 * ik 5B~k bi(Extraction Microwave Extraction System)£_CEM = & %]
#(MARS6,USA) > L H 3-5° 5P 800W 2 # F& FHCA 58~ RIkm 4 15 248
pZUE E 150°C 0 3 150°C 3 1S A 4R R B B o

%] 3-5 ﬁv/(/ﬁ» E'Fkg" ,:‘i kL
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3402 HFH

IRFALT TR s s s BFTEARBRY AL S Rk~ 74 5
% Hu(stone) ~ F ##(gravel) ~ #jf(sand) ~ & (silt) 2 Fhf(clay) & o 3 4 2 Pl 3 2
L E BT o BT IR AT
A, B~50g2 W35 0 4 r 100 mLE &K 2 40 mL 5%k ainedn - HAE 1S4 % 24 ] BF o
3 1000 mL > #eF o AR 0 8 S R
E o EPEE G 2 RART RN B 4 RH R 2

0

2 B o EAFQ)F Q)2 H B #d P B2 LAy dF E 05 p v g T -
IR o B T o P ERETT AR R F R o

D fEEXHP4085 2 | B2 FiE - 5 FNIFLERH Y 10 4880~ v
By F g EP R B AL B S HRET REFERRIELT -

E. &Rl 2@k e f*ﬁmnfﬁﬁ"%?¥6WHDMQﬁEﬁ$1T§@@
WA 020 F 2R 1IFR" 02 5P EFHRREF2LmE B 3b g ot 0 £
USDAZ 3 = & £ RT3 F = fhog o
EQC S

PSys

#)#% = 100-[(2)x100]

z;ﬁﬁo:[c%)x1om

4% = 100-%) #%-3-42%
W:igriegd 2 £ 8 o
PSus: # 5 40 fy&ie 2 v E B S5 v B RRE F o

PC:#E 2/ @iz vErfEr g3 v —Zi’iﬁ’_}iﬁﬁﬁ °

3.4.2 f g5 A+

FAFRATED A S AIER Y AT A EREIZIERST D ER
110+5°CE~ 57 45 & 500 g > M #4 (4.76 mm)  #200 (0.074 mm)¥5E & i & 2+ 5 = % » i&
Badcf @8 e LHRLORD) 2 MERF A0 o AR EH -~ #20 ~ #40 ~ #60
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FLRFLE RO Y 00 1052 5°C §pR IR E o MAL R AL E UM I GCR B 44

fs 2

(.
\}m

3% 45 s PR R AR AR EFHEHL (M) 0 HAD
10mge MTFRFEZAHFERAFZEONERFT AV AT AL 0.1%m/m)
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3447 Bz £
Fl* PR R R IT R P 25 o d F VR B3R

FRAZE o F AP g HES B2 500mL = £4475507 > # P TR RE 4
»EE 2 KoCrnO7ia i 4 » B I0mL > #85 1 A48 2 v o &k JBtS > 31 44t
v 100 mL H2O ~ 5 mL HsPO4 ~ 5 j§ Diphenylamine 35 77 #| - 12 Fe(NHa)2(SOa)2 7% it if
2 o B3 HEEI S AES BA%T S0 o 2ok Fe(NHa)a(SO4)2 i3 i #73) 42 crE ff o -
_%ﬁ§iié£@mm@JﬂWFﬁ%ﬁﬁ’%%%%ﬁié?%%ﬁﬁ*
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N @ Fe(NH4)2(SOs)2 2. % £k A
3:Cj3EfEF £

£ KoCrO7 ¥ 1+ 5 $miz vt bl
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LR 0202232 8p = 10:18

Jﬁi?%ﬁ%ﬂ%wiWiﬁéi“mmwﬁBmkﬁ&%ﬁﬁ’ EY TR
7 JaiF T ¥ BEA 5 PR A H 448 o {5k Smith &8 Weldon 4 B 1 P 8 0F 202 15 > st &
B g o SR F RN FACT

FEB~ 1 g 2o 2 Y 500 mL = & 487557 0 4o » B E KoCnO7 2 HpSOs @ #H i
F Jeté o 4o~ 8§ 2. FeSOs & Fe(NH4)2(SO4)2 > F4e » 100 mL #45-k » & 112 5ok B
2. KMnOs (4 0.3N)if 2142 FeSO4 & Fe(NH4)2(SO4)2 » if Z% BL 5 % ¢ 2. KMnOy4 %
WAk TRRARES P FTRETY ER PHRERLL I EP FR2MRE
AR I HEEA

MR HEETE D Bdp kT AN E 2R 2 G a7 £
(2 342 * MnO,2 meedic-7% 6 2% 4% % KMnO,2 m.e.dic)x3xfX100

4 (%)=
PR 3 H £ £ (mg)

34553 ERPIT

AP ERE B R Rk RY LF kA BRI L B kAR R
B2 S o5d 0 CFRRGTF o AN 0 B AR AR R R T F 2

et Sok SN A P
O3+ 2KI+H,0 = O2+L (F ¢ ) +2KOH

I +2NazS>03 — 2Nal (& ¢ ) + NaxS4O¢
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;. E oL s
f{éé/’;‘/m“

i

B L 2 ATHHINF G R L AR

B 20 mL 20%% 1 493 7% % 3 500 mL & £ 558 £ F435%¢ > £ 4~ 200 mL &
B AZ S5mL (145) Fpeidin » FAU 4ek » ¥ R L@ X% 5 M4m0 £ 12 001
mole/L £ % R dM I3 2 R 23R B kF ¢ 0 4o 0 N 1 mL 1% 4y 7 A s
FEDES A S e R R SRR A R R R PR

MR SR E 2 B R T A AN B kY 2 LFER
48+2x%x1000
Co, (mg/L) =VNas,0, X CNa,s,0, X V—o
Co, (mg/L): &% kA
VNas,0, (mL) * &7 % B 4h 08 73 0 % £
CNays,0, (mol/L) & £ 1% £ ik 4 AR 253 e Ok

Vo (mL) @ =~ A8

346 P 544
AL IF G 5 R T

L 4 400 GC/MS A 47 > GO/MS B B iE 22k 2 ¥ 2L i dk 0 F
# % 1 mL/min> 7280 8 & 5 310°C > 4 # B 5 50—650 amu > B3 BT ER L 1565
eV o A2daiB B L 40°C » a3k 5 A 481s 0 £ 10 A4 4°C 28 3 300°C o ¥ 3t 300°Ciads
10 480 R EHN S HRESITE TG 80 A4 o
B.;5 4 4 3 TPH A 5= i#

FEFY BRI 2 e BRI BB SRATE D 2R EFEE
RigR* GCMS A 47> # 35T 7| LA H 3
(a) gt 3 P~ 2 (microwave extraction)

WA AT NRTRRE S EFELILFNFRCES S AT
FER VML EP Y DR TR RIS o g AR Sg ERA > Bgir 1
B o~ 75mL 4B & 45 (Teflon) 5 B~ % oo fefll 10 13 blenz & 7 %222 ¥ A3 57573 %) 40 mL >
Rt ZPRBEER Ao r FIRZFBEY  REREIRALD] > FLIRAY
W e MG P EMER A R AA T 18 0 o B TP L B(CEM » 3151 1 MARS
3] T MJ-3476)7 > 12 800 W 254 i (T E B> @ H A 15 A4ap 2 E 3 150°C

3 150°C #3415 A 4Benfe B 5P o ¥ ERSERYI 3 BEFRES 10 mL
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ST BE A Y 0 4 F T F 4o 7Y/ 0.22 pm iR (M 5 PTFE, Millipore) »
Eipis b F PR 1 2 mL 2_ 45 ¢ #L %13 30-20°Crk 48 F 4 47 o
(b) Kempa v a7 2

A5 TPH @ * § 48 & 17 5 3 % (GC/MS) (HP 7890/5977, Agilent, USA)i& {7 § 14
TR R R AT 4ri % enA 3Ed s DB-5MS (Agilent J&W, USA) » p £ 025 mm >
FHEEE B 025um 60 2 ¢ K o A FHIFLRES F o

a3 TG €% 2 A n ik (splitless injection) » ¥ fLiriE i 1 mL/min 5 3 b4
310°C » ﬁ;ﬁ'% #] 50~650 amu > & R B T & 1565eV o Adn g B 5 40°C adF 5 448
BEE A4 A 4°C FliE 300°C » SR R A 30 Ak L ERES o BEA Y

T 100 A48 0 AT IS BIHE A B E2 B TPHR EREFERRE -
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> Eoodk g
3‘; él_}; /%"/7\3“

i

L 2 AT HIRAE A2 T R

35 § 5&;‘-&-?}3’.—/;‘-&-?
(1) TPH & & S &

TPH %8 & /% (Cs~Ca0) | mL (Supelco, USA)® & f it &4 2 k& ¥ 5 500 mg/L -
#-500 mg/L 2 2 2 = & 7 =R 2.5mg/L ~ Smg/L ~ 10mg/L ~ 20 mg/L ~ 25 mg/L ~
50 mg/L 2 100 mg/L = kB » B %t 4°C thvkda? > BRI D kg B0
GC/MS it {7 2 T & A~ 17 o #GC-MS & 47718 TPH & % &k & 2_ 4% ¥ A& (abundance)
B H SRR RS R E A 7 2 4 F % #ic(coefficient of determination) R? & Z &
= 37 0.995 -

(2) = iE WPl
FANFHIHEESATHREERRER > 2 Y - BHRES  SERELIT
R SR i B iEiE 8 > v {8 PR i X (standard deviation, SD) » 3.14 2 & X T
ST 2 AN 2 RHE o FEMDL 23 E AR L B R MERZEEREFE -
A EASRERSH B s SPE R B B i SAZ R AT 0 )
B 5 Sg? % Sa¥Se* < 3.05 R * T ik 25N (1)3F B & R % % £ (Pooled standard

deviation » Spooled) ° # & 12 2> 7% (2)#- Spooled z_ & & » » T ¥ I MDL o

7 2 172
6S% +682
Spoo!ed = 12
(1)

MDL — 2681 X Spooi'eed ______________ (2)

(3) # % A& (Precision)

HEBERZG-PIEHAITTEINRETEZFALEE - BT eEHLA R
EREEAR - X P ETERE AT HEERERL L REERLE ,ﬁ? v ia
B TR A G AR R £ (RSD) » 12t &oop Ayl e R o B B ZF MY
25% -

A0 ¥R i £ (RSD, %) = (1% ik £ /L 321E)x100%

AT APFRE Y REMER S X B IR RBI AT A TR -
(4) # 72 & (Accuracy)

Ao PR EL LT IBE R B BARR > M A AT 0 F MY 30% 0

BN e
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S FE R (Accuracy) = | A 4% $0k & —pe (I k& | /fe WALk 5k A x100%

AT Bt b M UL R T
BRI Ak M SN ey N At AL B
CRR S AT 0 BT ER R R N .
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4231 FRAEFEH A2 1 IFIE P (HEHE)

» 2 4 6 8 10 12 14 16 18 20 22 24
a1 iT38 P

¥ 1 & #HFE%

R HEEE WH S L EEEAS

R Y s A G Nid)

RIS

MEE R IR RGRET Ger L)

-’aﬁ /,,\ ﬂ}x?

@parnkw?émﬁ%iﬁgkﬁ%

¥ 2 ERHE%

F&Aﬁ44 TR E S FRET
7 A3

zk@wmii FRBE LY AT

FoREAAT

SRR GTBEE LY T

R F AT

> %3R4 © © © ©

1IFIER I A

SEED 5% | 10% | 25% | 30% | 40% | 50% | 60% | 70% | 75% | 80% | 90% |100%
i R




T A /%‘/’15%5 iii%f lﬁff/r’ﬁ-{l“lg& &R

1 3-1 ()

(DR*FEKFLEE -

B E QW SR EEEAT
e BN EF R ETBFAEEER AL E e LF b2
% A5 o

“.

FTAPE

LL‘_: -& (1) /F}/’g’ /Fll /‘5 44 i:;:ééu'
Hp (2) TG E /g’ I *

E- a)nkﬁ&ﬁ%iﬁi%ﬁ;%%ﬁiiim%W°
R |2 EF zAG TR E T 2 UL

o
12 BpFMEZRT2 R T e PRBRERLFTHAzZp P o
2~ TR RFAY JFhapsddivg Lr%’,E‘IL»?f‘?.'ﬁ‘"\"“%%‘?ﬁ-lT%'ﬁ?fiﬁ”_rﬂ%i&—"E’-?L?T' (1) 2 iFa e (2) R Ap o (3) 1
(4) LA P 2 S8 -
3~ MR APE > FEEVR IR e TR TAPE ) FE WP MR TR o




R 02022237 8p 2 10:18

APEP OB FHFRN RE AR BRSSP TPH Sy £
BEETSAIEFAEFI IR RERT PR PEFTFEZRPIRL P RA
2 g "MEEF.JU&‘&JI%’*”%%@/ SAIEETELELELY 35T 'L&&'{ﬁ/}a/ﬂ‘ﬁ?@-‘—l

o Mk e 11T L HA A B B AR R L o

4.1 % ﬁkiﬁ'i;t & suid § (cavitation micro-jet shockwave soil washing, CMS)
AFENGFAERY FAIBEEFALIEEEEE R UE LIRS AT E

7% & ¥i(cavitation micro-jet shockwave soil washing, CMS) » 4c ] 4-1 #777 » K35 /|

2ZARIHEEMELIIISONN B PRIFFFGZ 61 8 -
BEFAIERD CHRNERD ST AT R BEFSFRIE TG ERE T

EE EFHP > FL IR

Ao AR EA R AT AR F AR FHEFERMMRY RIRL R SRS Y

ﬁ*’ﬁi*%éﬁ%i%%%%’%@HT$&1%$lﬂ’MQ%ﬁié%$°

PRZETT ARIEFEFATE AR R ERE

B 4-1 CMS jFic E ~
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S+ mpER 2022232 8p = 10:18

{lﬁi

TGRS L 2 RIS AL M AR

CMS it 8 &2 ifiktiajdol 4-2 %7 b SR L CMS Fkl =2 R if 65
KRR ARLNE 12mYmin o ok B3 e F YR 9 5 3misec o Bk F st B
CERZARAADE R A S 31~ 1o @ OMS i E AfEd R g
e AR R OGRS R 0 fI KR R 2 kit
CMS F B A2 ZBMEAS FAFLIHE  CMS FHE AL PN Fki5 42 8

E%%ﬁﬁ?ié3m%CMS¢ R EIERPER G 10 A4 o

>

4 8
—
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S+ mpER 2022232 8p = 10:18

4.2 2 EpIE A

AAIH(CRIE BT FEEA P RILIAR) A GE RIS FEE 0 D
A EGEIFRILIFE R E S P FEIEBLE LRGSR T LD
FEFLEY ARG LY ERRF R RICRS L 0 2RI BRI A bR
BE<Sem FlbEARE 2 2 HEFE 0 BB O] RS o TR N R R B Gk e §E
DI ELS SR ST AIEY R E NS LIRSS Som
B2 T2 BRAPLGFELS

O fRA R I EDFTE o RERERIT AT AP M S o] 4-3 9T 0 P~ 500g 75
AIBRENREFTHRETLAFE 0 11 4000rpm BF 30 A 4E 0 LA EfREE KGR 4
Lo REREA A BRI A 41 d BEEFERSS LR BT ik

v 5 50.4~83.2%

100 °

90 f/
80

70

50

40

SEREEHI(%)

/
sor
|
f
I

30

20

10

0 1 2 3 4 5
FL1E (mm)

Bl 4-3 BEFH S LI EZPEAITRE
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Bl L LA HNELE R 2 A R

F4-1 BFEMFTLIE2ZREAITRESE

P 04/16/2020 04/23/2020 06/23/2020 07/21/2020 07/30/2020 10/13/2020
g |0 2| 28 A | PR | 2B | FR | 2| RS | 2 BRI A
(mm) | (g - (8) - (8) - (8) w (8) w (8 -
#4 476 302 [6.04% [1.60 |0.32% |0.00 |0.00% |0.00 [0.00% [0.00 |0.00% |0.00 |0.00%
#20 084 382 |7.64% |6.10 |122% [540 |1.08% |530 |1.06% |6.15 |[123% |10.9 |2.19%
#40 042 1833 |16.7% |52.7 [105% | 652 |13.0% [43.1 |8.62% |543 |10.9% |425 |8.50%
#60 025 983 |19.7% |103  [20.5% | 154 |30.8% | 102 |20.5% | 112 [22.3% |67.0 |13.4%
#100 | 0.149 | 101 202% | 120 | 24.1% | 115 23.1% | 121 24.1% [97.6 | 19.5% |93.1 | 18.6%
#200 [ 0.074 |80.3 |16.1% [98.1 |19.6% |57.7 | 11.5% | 103 20.7% | 757 | 15.1% [ 954 | 19.1%
#250 [ 0.061 | 129 |2.58% [19.0 |3.80% |18.0 |3.60% |25.6 |[5.12% |[17.0 |3.41% |853 |17.1%
# & - 1200 [4.00% |67.1 |134% | 626 |12.5% [81.2 |162% |96.5 |193% |60.2 | 12.0%
BRE() 500
7 k3 (%) 7.14 6.50 4.32 3.72 8.24 9.12




% 4-1 (%)

FHp 10/20/2020 11/27/2020 12/10/2020 01/08/2021 01/13/2021 01/29/2021
PO R L AL | PR | 2| FA | 2| B | 2| FA | 28| A
(mm) | (g w (8) w (8) - (8) - (8) v (8 -
#4 476 10.00 [0.00% [0.00 |[0.00% |0.00 |0.00% |0.00 |0.00% |0.00 |0.00% |0.00 [0.00%
#20 0.84 |80.5 |16.1% |9.80 |1.96% [10.7 |2.14% |8.70 | 1.74% |222 |4.44% |4.70 |0.94%
#40 042 665 |133% |97.5 |[19.5% [79.7 |159% |34.7 |6.94% |22.3 |4.46% |383 |7.66%
#60 025 |885 |17.7% | 134 |26.8% | 128 |256% |93.5 |18.7% |454 |9.08% |984 |19.7%
#100 | 0.149 |78.6 | 15.7% |81.3 |163% |93.1 |18.6% |833 |16.7% |63.9 |12.8% | 109 |21.7%
#200 | 0.074 |56.0 |11.2% |462 |924% |53.0 [10.6% |94.7 |189% |672 |13.4% |98.7 |19.7%
#250 | 0.061 |17.0 |3.40% |15.0 |3.00% |152 [3.04% |18.1 |3.62% |31.1 |6.22% |21.9 |4.38%
# & - | 73.6 [ 147% [ 57.0 | 114% | 789 |158% | 157 |31.5% [234 |46.7% | 854 |17.1%
BE(2) 500
7k F (%) 7.86 11.8 8.28 1.94 2.84 8.82
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FLATHRBIE G AL EE KR

% 4-1 ()

FHp 02/02/2021 03/04/2021 03/17/2021 03/24/2021 05/18/2021
g |10 2HE NS SR I S RO R S O S S

(mm) | (g) - (8) w (8) w (8) - (8 v
#4 476 ]0.00 [0.00% |[0.00 |0.00% |0.00 |0.00% [0.00 [0.00% [0.00 |0.00%
#20 084 [520 |1.04% |540 |1.08% |3.60 |0.72% |4.30 [0.86% |17.2 |3.44%
#40 042 |50.8 |102% |49.9 |9.98% |26.1 |5.22% |44.7 |894% |124 |24.7%
#60 025 |122  |245% | 128 |25.6% | 974 |19.5% | 131 26.3% | 146 |29.1%
#100 [ 0.149 | 972 | 19.4% | 124 | 247% | 127 | 25.5% | 115 22.9% (572 | 11.4%
#200 [ 0.074 | 723 | 145% | 704 | 14.1% | 87.1 | 17.4% |79.5 |15.9% |38.6 |7.72%
#250 [ 0.061 |22.5 |4.50% | 19.4 |3.88% |23.5 |4.70% |202 |4.04% | 112 | 2.24%
#R& - 89.3 | 17.9% | 629 |12.6% | 109 |21.7% | 712 |142% |17.8 |3.56%
BE(2) 500
7k F (%) 8.08 8.02 5.24 6.86 17.8
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CHEHEHEITE B L
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B X#L,k1544é§,
RS S

T34

Cal

77 eI S
4—:»-%?3“4%7%'
- KR

ARG AR AT 0 e BRI ACMS FBREE RIS 0T
Wit Sfcif it > W44 5% - < 123" RHNGF AR
MM 54 E > TPHy 2 e d %% LS 5 R4 #5428 LC 2 9% 5 %
ez BN RIEd B 44 TR EETE G TPH zﬁﬁ%ﬁ%j@f}
70.18-9130% » 5% F S ki 2 BN T A ER S VT FAIBELT
v Ul s AR 5 Z ekl 0 B TPH R % % 1000 mg/kg -
AR EH YRR 2020 & 4 8 >d L F S AEE 2 F L
THFEAZRFASL IR D EPEHERLEF(R4DF> 5L TPHiS T F %
&k T AR Mf 70.07%% 83.82% > d # ¥ &
FEyr-#£E | 3
0~91% » % F % &%

# 3 1T > TPHq

A FS “,f 5|
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R 02022237 8p 2 10:18

%42 % % }aﬁi/ﬁ"/d; /‘54*4 R Z_ TPHd’}ﬁfE'J--‘%a‘
TPH4(mg/kg)
L . TH ZEFRELE
Fp gy LI SN
SRR TPH # 5 5
(LS)
(LC)
04/30/2020 7108.80 1537.61 78.37%
04/29/2020 7091.10 1358.48 80.84%
04/28/2020 8712.36 1409.68 83.82%
04/23/2020 8098.75 2423.94 70.07%
04/16/2020 8131.59 1696.74 79.13%
432 72824553 3 %3 i FF
AR 2020F 6 B F(DZ F&F3z 87 AFEIE 2 Q388845

'*@5%%@45%ﬁ’?yﬁﬁ$@p%ﬂa%%ﬁ
#
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Harz § zRiEs “ér‘ TPHqg 2. 25 X 43t 31.1%3% 83.2% > ¥R
2020 # 13 47 34287 § 245 %E T TPHa v R H "$ £ 70~91% (4@
442 2425 % TR ) BIR2020F 67 1 9P B R T F T AGES R 2 E AT o
a8 TPH % 2xac 2 2 » 233 31% 0 Vi 5 7 BB RE TR 3L 0 #

FPEFIGFLEFE 0 BER2020F 1 2 3 0 ficdhyp TPH R 2304 218 * testkit 3
P tkipl > B AT EHEY FHET GOMS ®PISE7 i BFFL > M 3 ALY

T o ZRGFRF A LA TPH % 2cit 5 430 31~91% -
AEREABTARR L T RABLE RS Ao > 202020 F 67 T B
PR A 43, AP FR2020£ 60 23p 19 TRYF LA

=

2

iR LF i iE 4R 12 Limin o iR RER S 1S A4 0 A 43 B4 g 4

4

ELF R gk B TPHy 2 % & /3 19.15%3 88.96% » @ $ % 4= 4 4
5 Sk 15 S4B %0k 5 3L11%I 83.05% 5 AR LT &%
Qs TPH 3 53 A5 AT <% > A2 a7 v Bp@d@®ky > Rh Ly H

LF By MBAEFRS AL 20k 0 p 2020 & 90 15
PRAH e Ld Fad ALY H B8RS 2 20 Lmin > 3 £ 3 20 &
4o FIGSHLE Rk > AT DY L § 3 TPH B 5  § &5
J +4#% <2 3 20 L/min » TPH # “ﬁ? ek L 82.12~85.32% > v 5 % ,?J‘ 4v 1% 12 12 L/min
2. TPH #% % 31.11%3 83.15% 4 & ° 1t A2 § # 4 5 4 & - TPH S
%mziﬁ—d e o

RO L F R R W TPH A% FH P £2020£ 97 2193 10 7 20 7
22021 #3010 p 347 150 22 B R #4F BB/ 3 24 Umin > jfrep
B3 2044 TR TPHA % 5 4% 64.36~8147% 3 ¥ ¢h 2021 17 139 3 37
APpHE - LF R REY 24 Umin - FmBages 15 A4 “TrlE TPH % 5 4
0 81.57~90.88% » d &3R5 % AT L F e B4 FF(24 Limin) > 3 pE
TPH # % it 8 035 3 B F -

B
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%43 7

BE LT

BEFH S A2 2 TPHate Pl %

TPHa(mg/kg)

s %3 FENT B o) E F ;%"jﬁ‘_/’t SR
FREH | e |7 (mf )E‘& " ’ﬁ:"g’f Pl mn TPH iy 2 TPH
(L/min) —L? 435 BEFO) | wimnia | BEF)
LC LCZ

THEL L RS A
09/09/2021 27 20 7577.69 180.72 97.62 827.11 89.08
08/31/2021 27 20 9181.88 1168.79 87.27 924.53 89.93
08/18/2021 27 20 9368.06 229.90 97.55 1184.39 87.36
08/09/2021 27 20 10563 .41 604.12 97.59 1203.69 91.92
07/28/2021 27 20 10905.48 604.12 94.46 1203.69 88.96
07/13/2021 27 20 8364.56 1267.26 85.70 1392.76 84.29
06/22/2021 27 20 8650.09 1537.54 82.23 1262.35 85.41
06/15/2021 27 20 9871.03 1270.26 87.13 1486.15 84.94
06/10/2021 30 20 9545.29 1281.40 86.58 822.89 91.38
05/31/2021 30 20 6911.94 786.89 88.62 975.17 85.89
05/18/2021 30 20 9426.58 1017.23 89.21 125631 86.67
04/27/2021 30 20 8224.85 909.49 88.94 1460.97 82.24
04/15/2021 24 20 7927.81 1228.89 84.50 1104.56 86.07
04/08/2021 24 20 7351.54 765.88 89.58 851.17 88.42
03/24/2021 24 20 6060.87 899.64 85.16 638.07 89.47
03/17/2021 24 20 7975.11 1607.24 79.85 2132.96 73.25
03/10/2021 24 20 9478.27 2043.22 78.44 1591.15 83.21
03/04/2021 24 20 9509.63 982.01 89.67 867.26 90.88
02/24/2021 24 15 12861.85 6962.85 45.86 1947.20 84.86
02/02/2021 24 15 13648.43 2892.63 78.81 2015.20 85.23
01/29/2021 24 15 15735.29 3699.87 76.49 2695.54 82.87
01/13/2021 24 15 6590.80 1011.47 84.65 1214.95 81.57
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% 43 ()
TPH4(mg/kg)
CF |y [ o | AR ERFE TBRE LY
FEp | el |7 (’r’;f)ﬁ " ’ﬁ’if Ml e mgas TPH NIRRT % TPH
(L/min) e aam | BEFO) | wmaim | BEF%)
LC LCZ

TBEE L FAA AL
01/08/2021 24 20 6096.20 1673.70 72.55 1809.07 70.32
12/10/2020 20 15 8054.46 2910.17 63.87 1510.06 81.25
11/27/2020 20 15 7072.84 - - 2032.28 71.27
10/20/2020 24 20 1889.49 -~ -~ 500.35 73.52
10/13/2020 24 20 7823.94 -~ -~ 1701.32 78.25
09/21/2020 24 20 7063.63 -~ -~ 1428.38 79.78
09/15/2020 20 20 8786.37 - - 1571.26 82.12
09/07/2020 12 15 6217.94 3147.69 4938 444738 28.48
08/21/2020 12 15 11814.94 1991.17 83.15 1303.96 88.96
08/12/2020 12 15 6179.45 3958.85 35.94 4996.30 19.15
07/30/2020 12 15 6981.52 4809.71 3111 3092.27 55.71
07/21/2020 12 15 8189.91 2482.18 69.69 3107.71 62.05
06/30/2020 12 15 3251.64 179851 44.69 1805.52 44.47
06/23/2020 12 15 5866.41 2228.12 62.02 3111.29 46.96
LY RN
04/30/2020 : 10 7108.80 1537.61 7837
04/29/2020 : 10 7091.10 1358.48 80.84
04/28/2020 : 10 8712.36 1409.68 83.82
04/23/2020 : 10 8098.75 2423.94 70.07
04/16/2020 : 10 8131.59 1696.74 79.13




2021 40 27p 326" 10p HpREKRLY /T‘V‘El#t—l 30 L/min » &R &

20 A 4 “HRIE TPH A8 %% 5 /% 82.24~91.38% » B2ug § “rft = > wipfele = 15 §

T
T RF RS % s % 86.58~89.21% - i e LF AR TR s Rl

?"]‘ §§427L/m1n’11’ixp*37&£ LB oo

2020 #67 ISP 297 9P YR EFRLE FoeR% 1 27 0/min > RS

Eix4eE o RApdl =t

20 » 48 > #7p| ¥ TPH # ",4rf FA A 84.29~91.92% > 5 5% 2 B

TG G ARRSF S L 82.23~97.62% A b F X E LM F LR 0 H Ik
B2 Bpaid®ky o L HTPHB GRS F At Aoy 4o

FELHELTRICHER SR IAFES AR ZRREIF LT RRL
B CHEATFASAIE S LM F W A-6517 0 BB LM 0 LF R

27 L/min ~ /Fi/ftﬂé;'ﬂ&?:» 20 /J@ﬁf;ﬁf;g«‘;@, 52 4 2. TPH %gﬁ/}f;}’{i‘%"ﬁ)‘tfé .
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4.4 e k2 KR S8R

£2020# 6% 23 p 297 TRHE > 7RG RFRL LF G4l #4512 L/min -
FEPE S 15 A4 FikiS2 S F kAR A A 048 mg/L ;2020 & 9 ¢ 15 p R4 4
LF R B R BRA D 20 Umino B KGR G 20 A4 iR b
FORRAFL06mgL D 0.72mg/L: 22020 & 9 7 21 p B4 b§ s B 1 24
L/min » F7pF 5 3% 20 248 0 Fikis2 £ 3 kAR A £ 090mg/L T 0.96 mg/L -
2021 17 13 p 537 4P E > LF Foc R kAHET 24/min > § Mk
Riges 1S ~4 jikid2 &5 kR M & 084 mg/L I 0.90 mg/L ; 2021 & 4 * 27
PI67 10p#AHLT Fo @i 3 300L/min- Foepr® 5 20 24 Fieiis L3

A

ERAFAI20mg/L ;6" 15 p B4k 3 /,’]‘ﬂ%”‘i 27 L/min » jixts 2 & 5 0k
@t 1.08 me/L o

Frig- #LX2 fkiv, T r 7 Fﬁi—%i;‘jﬁ‘cf@_ ARG AL L RRAF A
0.48~1.2 mg/L 2z f¥
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%L\ 4-4 2%%&%‘35@%5’-3?0] LI PE ‘}‘ﬁ“iﬁﬂléég—g /}Elii%ﬁiﬁ'l ‘\:I""a‘
Fip P 5% 42 (Umin) | 3 475 B (min) Os3(mg/L)
09/09/2021 27 20 1.08
08/31/2021 27 20 1.08
08/18/2021 27 20 1.08
08/09/2021 27 20 1.08
07/28/2021 27 20 1.08
07/13/2021 27 20 1.08
06/22/2021 27 20 1.08
06/15/2021 27 20 1.08
06/10/2021 30 20 1.20
05/31/2021 30 20 1.20
05/18/2021 30 20 1.20
04/27/2021 30 20 1.20
04/15/2021 24 20 0.96
04/08/2021 24 20 0.96
03/24/2021 24 20 0.96
03/17/2021 24 20 0.90
03/10/2021 24 20 0.96
03/04/2021 24 20 0.90
02/24/2021 24 15 0.84
02/02/2021 24 15 0.84
01/13/2021 24 15 0.84
01/08/2021 24 20 0.90
12/10/2020 20 15 0.60
11/27/2020 20 15 0.60
10/20/2020 24 20 0.96
10/13/2020 24 20 0.96
09/21/2020 24 20 0.90
09/15/2020 20 20 0.60
09/07/2020 12 15 0.48
08/21/2020 12 15 0.48
08/12/2020 12 15 0.48
07/30/2020 12 15 0.48
07/21/2020 12 15 0.48
06/30/2020 12 15 0.48
06/23/2020 12 15 0.48




442 FRte2Z pHEZ 35 kA
EURE S LR R ) bt R Sz Rt 0 & 45 LRt k2 pH B2 F ER

DO R|E % LW 2 R4-fETiFE™ K ~LWC 5 - B2 f B FR G4 3 62

Fiek SLWZ 5o r L F GRiiBRa AR 4 %;’:i-;%;;t’k P RS T R TETRF R K

pH #3543 6.64~797 » & 11— LI F TG AREFAFARLE > ek pH E A

7.12~7.98 » — 4 pH B 30MF & 8 11T o

B2 F Rk s LF 0§ LF FAif 248 12 Limin pFo B 5 4 2
k#

iigfﬁ?—»/ﬁ/

T\g
*m
ey

pH @ /1 %% 7.37~7.98 2020 £ 9 * 15 p Bhssfse 4§ 4 ®

if]t%%#ft'—‘ 20 L/min » ¥ 28 & e R 5 20 A48 0 iRE R A R 2 RIS 2 ek
pH & 43 7.72~7.74 > 5.9 " 21 p B4eH#-5 % /Z’J‘ £# 2 % 24 L/min > %—iﬁﬁﬂm ! fﬁ‘
i%ZOQﬁ’iﬁ;i%iﬁfiﬁiéiﬁ%it% 2 e K pH B4 3 7.29~786 0 @ 5 % /T4 v %
I 30L/min - ‘)pi‘};"o‘}ﬁfif‘ié]ﬁ%‘i ¥ K pH & 43 7.73~7.87 » % &% T A

ﬁi
27L/minf%’;—,§~;;t;ﬁ3;§~;esﬁ%ié§ 2k pH B 20 7.53~7.89 « 3 % L2 f 24

M
e

M-S LIV A FRSELIFARBFS AL IEPFITRS R B2k
* ok pH & a4F & 6.64~7.98 2 [ -

Fds g kF £ k2 DO @ 422 3.01~6.30mg/L > § 11— % F A FEERW IS
LA FAEkDO B4 115~533 mg/lL 0 § MG F FRFERA~ LF @ L F
A deiE 5 12 L/min P oo i iB b 5 % 2 3R 1 2 ek DO E 4 3 1.26~4.29 mg/L
91 15 P B LF AR o ML R B4 T 20 Limin v Xt KRR 2 20
AdE o FERERS TR RS2 FR-kDO 4% 320mg/L 3 346 mg/L> &9 4 21
PR g ﬁ]‘ e B D 24 Limin o G pr R G e 20 A4 rRB S S 2 R
fe 2 F%-k DO & 4> 2.14mg/L T 3.69mgL > @ L ¥ 7 e B4 2 30 L/min > iR
b A A 2 ek DO AT 2.93~4.22 0 F L F Jr4c B 3 27 Limin BF 0 ik
B AR A M2 F Rk DO A2 249~5.17 « F A G F R F R e 5%

ELFFARBFN A 2FIVHS - R 2§k k2 DO B b

o1



> Eoodk g
3‘; él_}; /%"/7\3“

i

LT LRI AL R AR

% 4-5 e k2 pH &2 i3 § kR (DO iRl 3% %

pH DO(mg/L)

HP I
LW LWC LWZ LW LWC LWZ

09/09/2021 7.82 7.81 7.86 4.48 3.19 3.17

08/31/2021 7.61 7.79 7.73 5.04 2.90 3.38

08/18/2021 7.76 7.98 7.88 4.99 3.31 3.28

08/09/2021 7.66 7.73 7.67 5.38 4.24 4.07

07/28/2021 7.59 7.81 7.81 5.40 3.04 3.12

07/13/2021 7.84 7.97 7.89 5.04 431 4.77

06/22/2021 7.48 7.59 7.60 5.52 4.14 5.17

06/15/2021 7.73 7.62 7.53 5.22 3.71 2.49

06/10/2021 7.65 7.83 7.84 5.18 2.64 2.93

05/31/2021 7.84 7.87 7.73 5.77 3.73 4.22

05/18/2021 7.72 7.75 7.82 5.79 2.38 3.82

04/27/2021 7.83 7.72 7.87 6.30 2.65 3.74

04/15/2021 7.56 7.63 7.72 6.03 2.01 2.69

04/08/2021 7.63 7.65 7.67 5.35 2.67 3.26

03/24/2021 7.64 7.68 7.66 5.53 2.33 2.49

03/17/2021 6.97 7.23 7.43 3.46 1.34 2.14

03/10/2021 6.82 7.12 7.29 3.63 2.66 2.77

03/04/2021 6.64 7.14 7.36 3.51 2.44 3.01

02/24/2021 7.09 7.41 7.46 3.37 1.73 2.69

02/02/2021 7.38 7.51 7.59 3.79 2.35 2.6

01/13/2021 7.49 7.75 7.78 3.77 1.58 1.87

01/08/2021 7.33 7.46 7.48 3.51 2.27 2.51

12/10/2020 7.45 7.54 7.75 3.69 2.22 2.86

11/27/2020 7.32 - 7.66 4.02 - 3.48
10/20/2020 7.28 - 7.69 4.52 - 3.08
10/13/2020 7.39 - 7.69 4.81 - 3.11
09/21/2020 7.25 - 7.47 4.22 - 3.56
09/15/2020 7.38 - 7.72 5.45 - 3.46
09/07/2020 7.57 7.87 7.94 5.31 2.65 3.69

08/21/2020 797 7.68 7.37 4.22 2.98 3.05

08/12/2020 7.72 7.79 7.98 4.76 3.24 4.29

07/30/2020 7.74 7.49 7.76 4.34 1.15 1.26

07/21/2020 7.86 7.58 7.74 3.01 3.22 4.10

06/30/2020 7.77 7.84 7.80 4.24 2.96 3.99

06/23/2020 7.14 742 7.58 4.73 3.38 3.81

04/28/2020 7.67 7.85 - 5.05 4.68 -
04/23/2020 7.62 7.78 - 441 1.30 -
04/16/2020 7.33 7.59 - 3.12 2.33 -
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443 Fitisz 83 WA(TOC) s * 8% 5 £(COD)2 7 4 - & 4~ (TPHa)

Fier k2 B A(TOC) s 47§ £(COD)2 A 7o s & & 4 (TPHa)2 % 1t
BRI E AL 460 LW 2 RAsVATRFH® K S LWC 50— S5 F FRBE# T LS
2 ek SLWZ 54 » L5 FRRBIFR 542 02 ko

B ZF ZAFTERS LI EE > Fik -k TOC & a4 ayk i > TOC d 1.30~20.7
mg/L H4c 5 7.10~50.0 mg/L > EHT T F 2REE LT FRFEIEE > F LTG0
i % 12 L/min P& > jFik-k TOC % ¥ 4c ek fi > TOC ¢ 2.90~20.7 mg/L 4 A

Fil)

7.70~31.1 mg/L > & /7’]‘ e % 1512 5 20 L/min ¥ » ‘})?‘7'367](1 TOC ¢ 2.80 mg/L 3} *r %
27.7 mg/L > /,"]‘ 4v 2% 151 % 24 L/min B > '}j)g'-'};t’k TOC d 1.60~2.40 mg/L 3 4c 5
8.00~35.2 mg/L > :;%,7 c4r £ % 5% 5 27 L/min PF > 7 ik TOC ¢ 1.50~3.40 mg/L 3 *r =
9.60~18.3 mg/L - ;,Jv dv i3 1512 % 30 L/min B > ‘)%“};t’k TOC ¢ 1.60~2.80 mg/L 3 *x &
15.3~29.6 mg/L - ¥ 4B 4-7 - %}b@_;ﬁ”_& T AR S BERT e CREAC
k# TOC 1% » b k¢ TOC kA& » e H TOC JkARF >R iREGE 3 § 74 F Rk
A AR o
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FLATHRBIE G AL EE KR

 4-6 Fi%* k2 TOC ~ COD % TPHq 2% %

o g TOC(mg/L) COD(mg/L) TPH4(mg/L)

ey LW | LWC | LWZ | LW | LWC | LWZ | LW | LWC | LWZ
09/09/2021 | 1.80 15.2 15.5 ND 403 455 0.23 2.69 6.05
08/31/2021 | 1.50 15.9 11.7 6.30 46.7 339 0.11 3.48 3.57
08/18/2021 | 1.80 14.6 143 8.10 413 44.9 0.10 5.50 531
08/09/2021 | 1.50 15.8 14.2 5.80 428 51.1 0.07 3.89 483
07/28/2021 | 1.90 15.1 145 3.50 431 45.1 0.31 3.79 411
07/13/2021 | 1.60 16.1 13.6 7.40 43.0 38.6 044 | 2.82 3.21
06/22/2021 | 3.40 7.40 9.60 1.1 225 26.5 0.74 2.53 3.00
06/15/2021 | 2.20 8.90 1823 121 18.9 438 0.22 2.32 4.05
06/10/2021 | 3.00 14.7 15.3 8.60 349 44.1 0.30 2.49 3.55
05/31/2021 | 1.60 7.60 19.4 5.50 19.5 51.9 0.72 1.42 391
05/18/2021 | 2.80 17.0 18.2 10.6 49.8 539 0.29 1.90 2.80
04/27/2021 | 2.00 28.0 29.6 7.60 773 87.9 0.07 3.69 2.39
04/15/2021 | 2.10 315 26.9 3.20 91.8 72.6 0.25 415 3.14
04/08/2021 | 2.30 12.9 145 6.20 33.8 39.4 0.18 1.89 1.93
03/24/2021 | 2.20 15.9 15.8 8.30 51.9 543 0.37 1.98 1.97
03/17/2021 | 1.60 30.2 352 8.20 92.4 116 0.18 3.68 | 3.667
03/10/2021 | 2.40 17.5 17.3 3.50 51.0 58.9 0.62 2.80 3.70
03/04/2021 | 1.30 8.00 8.00 8.80 2622 232 0.17 1.94 1.67
02/24/2021 | 5.00 14.8 15.1 12.6 514 | 482 1.01 4.86 411
02/02/2021 | 1.60 12.4 11.1 5.20 50.2 38.9 0.22 5.03 3.55
01/13/2021 | 2.20 11.5 10.1 7.20 374 30.4 0.33 2.37 2.28
01/08/2021 | 13.1 237 21 40.8 84.0 76.1 0.25 3.27 2.44




% 4-6 ()

i g 4 TOC(mg/L) COD(mg/L) TPHq4(mg/L)
e LW | LwC | twz | W | LwC | LWz | w | LwC | Lwz
12/10/2020 | 1.60 7.10 112 ND 264 | 370 | 021 167 | 297
11/27/2020 | 2.40 ; 4.00 7.90 - 17.3 0.27 ; 3.88
10/20/2020 | 2.10 ; 23.0 5.00 - 67.8 0.28 ; 411
10/13/2020 | 1.90 - 17.7 5.00 - 530 | 035 - 5.44
09/21/2020 | 2.40 - 8.00 6.30 - 254 | 0.65 - 3.08
09/15/2020 | 2.80 ; 12.7 6.40 - 377 0.34 ; 3.17
09/07/2020 | 2.90 9.90 7.70 5.70 303 24.9 050 | 3.04 | 242
08/21/2020 | 7.20 142 | 262 | 213 43 .4 854 | 224 | 3.48 6.15
08/12/2020 | 13.1 32.0 31.1 229 | 447 | 453 1.48 347 | 281
07/30/2020 | 730 | 21.6 | 218 242 84.3 90.3 182 | 3.76 572
07/21/2020 | 860 | 263 221 28.8 102 122 0.87 506 | 455
06/30/2020 | 8.40 11.7 12.1 28.7 38.1 70.9 ; ; -
06/23/2020 | 20.7 281 23.9 62.6 85.5 70.9 - - -
04/28/2020 | 430 | 27.1 ; 24.4 87.9 - 2.04 6.64 -
04/23/2020 | 6.00 50.0 ; 242 146 - 1.43 17.6 -
04/16/2020 | 530 | 42.1 : 16.0 260 - 0.61 12.1 -
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g

GF ReFAE A HE > Fkk? COD %R FH bt i > COD o
3.20~62.6 mg/L #4r 5 18.9~260 mg/L > Ak * % F LML LF SR MG L
] deif it 5 12 L/min pF » by G-k COD % i 4o ik fis » -k @ COD R 3d 5.70~62.6
mg/L 3 4r % 24.9~122 mg/L > J RN -

J\é COD/&& 'é; 4‘1—)—*!7{1"?20
L/min P e’k COD d 6.40 mg/L 3 4 & 56.1 mg/L » ] XA 8% 512 5 24 L/min BF

7%k COD ¢ 3.20~8.30 mg/L 3 *c 5 25.4~116 mg/L - J v 53 EE G

%+ % 27 L/min pF >
e’k COD @ 3.50~12.1 mg/L 3 4c 5 26.5~51.1 mg/L - b
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