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In Taiwan, the transportation vehicles are mainly fueled by gasoline. In 2020,
there are 2,478 gas stations and most of them are old ones and have a high risk of
oil leaching. Among them, 51 gas stations were declared as pollution remediation
sites. Recently, the remediation technologies for the pollution sites are usually in-
situ ones. These remediation processes consume much time and have limited effect.
Incineration has high operation cost and high potential of secondary pollution. In
this study, a sintering process in brick-kiln will be conducted to decompose

pollutants in soil without adding extra energy.

We mixed polluted oil, clay, and cullet with different ratios and sinter them
into porous ecological-restoration bricks. The physical strength and TPH level of
bricks were measured to evaluate the effect of sintering process. In addition, the
feasibility of the sintering process to treat polluted soil will also be evaluated. In
addition, sintered bricks will be immersed in seawater to evaluate their leaching
behaviors and physical property in the ocean to ensure the safety of the ecological-

restoration bricks.

The results show that the sintering process greatly reduced the TPH levels
from 3,068 mg/kg to 25 mg/kg. The quality of sintered product with a soil addition
percentage between 5% to 20% met the criteria of CNS 382. Among them, the
sintered brick with 15% of soil addition had the optimal physical property
(compression strength = 495 kg/cm?, water absorption rate =2.81%) which were
much better than the regulated standard. After immersing in seawater for 28-day,

there was not any significant variation of compression strength and water quality.

According to the analysis results of ecological-restoration bricks, the metal
leaching concentrations were near the detection limits, indicating that the influence
on the sea was slight. Therefore, the experiments for a large scale can be taken into

consideration.
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TR -G P AP ER 2 F o LRSS TR X R
By AR EME TG FE N TIFF A EF o SR TA (I
FR,2015) ¢ (D)&efoigag » & a1 %8 ~ A48 Q)F 458 doF ~ 7 %
= T FQ)M P SR (Dtp 5 e

FomE CEPE-FREY > FERCESLETY PHAM - 2242
BEZ - HTHRE LS ARFLAP T A A - 2 BTEX(F ~° ¥
ZF)F - SMTBE(P A% =" AR) 53 EHEEHRT C L2 fn o

AR R R TORFEAEISERT > Fa 2 IR FL AR TR L K
B L HAREAR TRFARARE LRSS TRFAFAIEEE T
CAGBER R "0 DR S N SEE ot 1E SR 5 T B BT

2312 AR SRR

FAIER FAHRE
¥ (Benzene) 5 mg/kg
? % (Toluene) 500 mg/kg
¢ ¥ (Ethylbenzene) 250 mg/kg
BE MG v & 4 (TPH)
1000 mg/kg
(Total petroleum hydrocarbons)
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3.1.1 BTEX

;\a;\ay‘;agmﬁﬁzﬁﬁﬁﬁmx’wmﬁﬂé%?é#*
B A 0 xR R F RS e A FRF 0 BTEX LG F 40812 - A gk
23 bRk Hm ?%H%ﬁ”#T’?éa‘@&Rﬁﬁﬁ
£33 RINSRRAEPE RGP ZH AL AT EI E3
(#FTAFEN RFEE ﬁ%ﬂi’%W&%%b%Bﬂmfwiwﬁ%
LFNFE AR 2 - CRRM -~ R F,1994) -

% 3 ONBTEX # 2 it £ i 2 34
L ¥ ¥ o ¥ e

b3 50 CesHs C7Hs CsHio CsH4(CH3)2
i# BE(°C) 80 111 135.2 144.4
% B(°0) 5.53 -95 -95 -25.2
% f& & (mg/L) 1,780 500 150 150
# # /& (mmHg) 76 22 7 5
iRk
LR 562 673 864 493
(Pa-m>*/mole)
ITAE ook A fR T
e ple e 97 242 622 570
(Koc)
3 A5k A fe ik
w7 P 135 540 1,410 1,320
(Kow)

P kiR (B ,2001)
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3.1.2° & % = = A @(MTBE)

TAFZ T ARATERRIAM DI PFAS I LI R RE
MAE A e r T FESSGEPILFE o G iis Ak > MTB
BRI MO e 2R R FIRF AR P F B Ak
Rk R BT RN AR F] MTBE i B0 P @ 4 E RIR R RGR A H
P R e 2R E N 2000 At 26 £ % MTBE £ %% i< MTBE #
el s HP gl @R ERE S BRP e 2g A5 4y WP
2003# 4 MTBE &g € > @ ARE B EH FH2>% MTBE 5|4 5 5 ¢
A MBS ¥ MTBE 3L 14 8 4 Jb fde £ 3-397 7 o

a\‘s'

# 3-3% % MTBE # I {£F 1L &

A o MTBE
7 # B (mmHg) 76 245
= a1 3

% 4% #ic(Pa-m’/mole) 0.23 0.022
% f& & (mg/L) 1,800 51,000
TR = WA ,E,l/,/f’:

DE | E LRl SO ERRE /S 08 11
(KOC)

EX A B "

TR R R ¢ 1 ¥ BT T FR,2003



MRS AR IEERLESH L I HBEIFRTRIEAZTY

KR IRE- A RTD - F WL

REME £ (TPH)Z & E# 5 5 7 sl CoF) Cao 2 T At a it &

oo Ted Rjd 4 A AT S R0
AR gk B S

=
|34
H

v A B A LA :‘:;-"é%’;‘ib é\';ﬁ"}%

¥ CoFl Coshfe B (B B2 » 5 37 b 4

(TPH-g) » C10F] Caozh B #ic B A dc’s » 5 % b #7(TPH-d) » 4r4 3-4%7 7% o

%3470 AP REE ZERR

A B A T 74 R (°C)
A Ce~Cion2 30~200
T i Cs~Cr2 100~200
R Ci12~Cis 150~250
8 Ci3~C27 160~400
& skl C19~Cao 315~540
e C20~Cao 425~540

= skl

T Kigoo 3 EHE F F2,2003
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GHHE A B R T RIEPE G B A B B £ R i R
2 % pA ‘/‘34,\;&11@4’55?& —,—'fgl-ﬁﬁvuﬁi*’”mﬁiﬂ‘\ ?"rﬁ
BET R GIER 0 BB I TR S 5 .

—g
B3

P E R ?P‘ﬁ‘ﬂ,ij:@?gf;r AU A B LR T A L Z &
P I Yy MR A RT A A RN E $IR /i B RN
S fEAE (2 K ,2017)

GRER SEET,

A A E el FRRFEFZLIIT pLZ iy * i
B AARE P N nRIEFE > L &3 4 $ 4 7 (Bioremediation)
& /EJ g E’ X *%# f#(Monitored Natural Attenuation) ~ & 47 4 5 (Phytoremediation) ~
4 4~ ;= (Biopile) ~ 2 £~ i€ % ;* (Bioventing) °

(=) 3/iC B RN

BB R LY AR R A A TP S
PR - A ARSI R p2axy g ok id s EEE
3 &I H 2 x5 8 3 &% 2 (Chemical Dehalogenation) ~ i+ £ ¥ it &
(Chemical Oxidation) ~ i% -k |+ & &% /# (Permeable Reactive Barriers) ~ 7 it 22 2
%_i* (Solidification/Stabilization) ~ 3 3 it ; (V1tr1ﬁcat10n) ~ I e iE (In-Situ
Flushing) ~ 2 3% 7 /& (fi& i )(Soil Washing) ; ﬂrf'IEl_" 23 R R R N2 (Activede
Carbon Treatment) ~ # #& /Z(Air Stripping) - 3 = (Capping) ~ &L & %
(Fracturing) ~ # i ;* (Incineration) ~ L ¥ #4 je 32 (In Situ Thermal Treatment
Method) ~ 3 P~ 22 ;3 (Pump and Treat for Groundwater) ~ * 3 B #7(Soil
Excavation) ~ 4 3 7 f8 4 ",‘T? % (Soil Vapor Extraction and Air Sparging) ~ #u %t %
(Thermal Desorption) °
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235 2 3 BAREIEMIZLHEEL

T v 5% A S-S5 B E EAE LB
LI B b TR i be TR B b
=R =30 ?‘éﬁ%"f‘}é B R WS FR
1 . g : (Electro-Kinetics o : (Phyto- .
(Solidification) (Solidification) Separation) (Vitrification) Stabilization) (Land Faming)
B be 2 B U 2tk B3 - i e 4 % B
- Field-Scale
(Soil Amendments) (Soil Washing) (Vitrification) (Incineration) (Ph}'/to‘ ( _
Remediation) Attenuation)
5 r o sy g
Daldie L SCE Ik Fjiz e B
(Soil Vapor : . . (Phyto-
Extraction) (Solvent Extraction) (Pyrolysis) (Land Farming) Stabilization)
AR L L Eg F s gec s
i (Chemical (Thermal (Soil Amendments)
(Attenuation) Oxidation) Desorption)

R ) e

(Soil Flushing)

F ek e A

(Particle-Size
Segregation)

FH &R (2 KE,2017)
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k2
i

B HFE TS ) BRI 7 ins 5 IRb
22 Ao HA HAeT (2K E,2017)

W EIE N HfRE S BRI

(- )3 # d2 % (In-Situ Thermal Treatment)

b B I -3 ;g;;;;g-,‘j_,\ R I LI F AR SN
b

X~ BFRBZFEF LTINS BRE X FLIE? > BRI ESRF
KRERED  NRFSAYF L FEBECEFEABE 0 U ES o R
TR REAFARTARERRLEH P TR T C BEFRLFRG S
FEOPRERANTUABAINOERSVEY c RARFHFHEN ST L
2oy TORE G ATk 0 BBV N AR MBI A AL R
FR A2 > T TR G AF RS LLFRE FHE SO =
B * bR o

(= )£ 2% (Pyrolysis)

BfREY DRI A F PRBEY BEF LN B R R A R T
SAFTECLET Z S BAE AR o BREY ¥ HF S AR R F 430
°C(£800 °F)snzr 5 ™ » X #5 T 5 LG 4 fgrgjgz;@;u%g& ~ R R A AT
Pl o 29 TR RA D AAF IR ¢ - §
e i*ﬁgﬁﬁ’#ﬂ“mﬁiﬂﬁﬁ’@%%ﬁmyfw@iﬁ%@
TEED ZF AL IR E IR AT R o

(= )% /8 4 i ;2 (Incineration)

BRI R IA R A A A R R
(MBMARSEMNT)FP &SR - - IR EZE 2§74 ISKE o743 %
EERRPRD BBl - B > AP R T BT e T S
A800°C 11 b iR E 4R A A BUE > RIS 02 A AR P T R

— RN D RER Y VR R FTER RS AY VA LA YRR
@ c ZF B AP IRE LA ¢RI K H L5 v 3 (packed power
absorbers) ~ # - % (precipitator) 2 H is g TR o # it sxF B ) F Wi d -
BREFETEETG M 32 ##mﬁif&é f_f v 1i9999%E\‘ { Bt
B pokd o JEO AT R R TR S R p R
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(2 )#4 % %473 (Thermal Desorption)

B TS ST T RSkt 60 B A TF GBS % end MRS B
oo R JEfERE R G R LT 2 “ﬁ? F R FLEFARS AT RFRTFELA
BHht BT BT o BRGE L BB ENEMS T2 TG B L P
WIS B T R B R AR AR o BRI RS AR P LRI E
EALE L BRI E B F AR AR RJE kM BRSBTS LR
ER AR TR L A ERT R R B E R L SRR S
FoRRE L AR LA R A E N BF AR BB kR
R RAF ST LY oo m by L F s RARGOEFITERT A 594
% B # % %f(high temperature thermal desorption, HTTD)% i« 8 #t % *f(low
temperature thermal desorption, LTTD) -

éﬂ@;{,‘l * R iTHE g '#' ;FL_L*%IFJ_:]“_}_E',;/ZJ: » H %g&;é(/#_;ﬁ/’zoog) .
F’?% b‘ﬁi]’\?i'b(’kvin)

1.3 ¥-(on-site) £ 3 H-(off-site) s jir 2 K #
B RV E25 ) PEZ 3R o

K P hAGE R 0 BRI kR
BAIL A B A (7652 3 2 %) B LB AApd HAILE Y Y

NWO%i’@%éé@%mmm@mgkgﬁwﬁ%o
TR A A5 4 F (hot spot)eg R B i3 % o

4,
5?]}%&@'1:?;1“&25@3@%?6‘%@@ ) V‘J‘ﬁf'_:r_*}ﬂ )‘(Z‘-ji'- °
6.%

Rt
s

CEIR A ET UwE R N EITE RS LR e 32 B
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Fit e b2 T ¥ ok rtw 454550 5% 2 (Norton et al,,1970) * s fipk ~ dTigok

‘T ﬁ"]‘ see ok e - HUR R ’&;/n_)?.IOOOC =% A2 B ﬁwl"ﬁ’ﬁifug WA

%¥ﬁﬁiﬂ’ﬁﬁ“‘“%k*gpﬁ%ﬁ ¥ B RE|S50°C 2 5 0 Ap 2

B AERBAER Kk EFRERALA(T FIR2014) TR L

FF A5 A F Ao B3-197F ¢

L rigoko:
FEE2eFFFER P AT R A g F kA G o HY S
1

P B RE G kR TR 2

i 5
Bt o w2 b A0k o R AR A B SRR A A BAER A G ok Y

—-\\

Ay

Er - Rk bR Bk A F T B RS o itz 5 pd k(Free
water) & o BgEIEALY FIARD RPAAR T AT & W LIS kA Bl
s Aok o
AR

TFRMNIRIIERE DI o X IR F R FF L p A G o arr
3t b ok o FURkOR T 2 BT EAE B L > TN "%fﬁﬁﬁﬁ_“ o
"

PR F AR ATARY B SRR AR L Bk o RS SRk
S AEL ARk N AARE B AUERT A R0 B 20K e

ED

330464 2 §5%

CECER A AN A £ gﬁ&ﬁkﬁo&%ﬁ#ﬂ%iﬁﬁ%a¢&
W R AR doF]3-2 %\a&ﬁﬁﬁ%mmog*a#$&éw$4ﬁﬁ;
Ao s » SR AR A 5 Rop ik S anfp 4l LB 4 o B F P 3T R B
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3o~ AL ﬁ:?‘» COFE S e mGRIARY SRR X Ty B AP A

PenE £ F ML fI* g2 £ 25 Rl o @5 A2 4o F3-347
7 H ?{:ﬁﬂ? be T i (R 3,2014):

I EREER 3 TR g ER L R SOEN N A Y AN
DEIRRTS R

QUL L I R TIARE S

3APR AR AT (S 0 SR p B % %

~\.
A
e

T8 0 - K- Kidrt 3 o
A G Rl de i E TR R LEZ B F A0 o

R AR S NI = 8 ) DS PR T

6.% %ﬁﬁﬁ R R MR R SRR BT .

7.

T.\'..
\l

TR AT - TR TV R LSS A R

st )= aur )= m )= )= A% )=~ 28 )% )

W3-3 /W i3 i A2 )

34252 B2 B P

AFHfFEes? AR LR R F B2 A E e A RS HF o
RS T T TR S LR TR R S e
Fookiti®r 3B ¥ - 3w R B P FRAEF V4 g FIARA fEA S L 7 oken
PRAK A AP P EHP T o n LML L ELPELRF SO
TiO2 ~ ALOs ~ Fe:03 ~ MnO> ~ MgO ~ CaO ~ NayO ~ K20 ~ POs% + fa e § &
2§ o B g By TRk STR 0 R AR A T AV
z_fe% $1100% ° & g i* % 787 SiOz ~ ALO3 ~ FexO3= & F,\% i o 7 ik et
R S 1%@@\?\?9"31.,. r-r'%frﬂ A e B o

1SIO % P B A b AL USRS 01 & 44 > § & B A55%~70%
2o AZEPE 0 R S R FE A SR E L LA A
4 gﬁﬁiw R L s 514l Bap B entE 1K o

2ALO S 4ER AR ¢ AR 57 B4 210%~25%2 F > ALOs % 48

o A4
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LR TSR BT P ERRE 0§ RRS SRR B AR
PEREEE . SRR PR RERFURDRA P FAT
e iF B i&,&f?ﬁi#&J‘{%:&m_ ek MR RE R 0 g RS Bk -

3Fe0s R B LU A P F S Aok AL § R A £3%10%2
LFEE M ST LR RS [

3432 %

¥ MR EARY BRI -Q/»\'Jil‘bﬁx’ Fo PR A VR R A

fé ﬂzf_n?f'v‘ kAL B R ER AR R G OB BT

R TS 0 500°C Eo ol h e L N’Hffm— BPERFERIEAE > » 5
Fefeena 07 > Ao R R T S AT S TR RS R IR B g R B fEIK
PO AWM EFIRRETAORN s BT T EE TR A YIRSE
Pod LB SRR FIER G KA B R AL AP R R P d
P 2 Fh3 S SN D A AT doib kit '}#@ﬁiﬂiﬁﬁ— BE 2 RA
3 500°C FF » LI G R F BB A o BT AE Y 4 5 4eA3900°C T S
Fla S PEAES S /I S i‘f%ﬁ ST RARLRE G ek B RERE Y B AV A
ARIGI > BBk TUFZEL T - #%'riif‘u%ita’:;i%ﬁ - UE R IR &
AT BA o TR SRR LR R RS e AR EHE QA
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MHE R LB ERENERF IR > BIPRELREEN AL FRADE L
%ﬁ“é SRR A B2 F 0 BIESEEAY 235 5% B 1 (densification) ~ & k£ =+
(grain growth) 2 & % 2 = (grain boundary formation) 7% 42 » % iFig & B2 K 5
BwAEFH (T R T 0 2014) -

B> EHERFEEHES XL F oA G A R ZBBRLE N BN
B BEERITZ FFF L S NTEE S S S S E AR FE AR
B~ PR SRR 53 % BFFERI AR A CF I RRESER o BME
] J, > F) 4p % 45 (solid phase sintering)(Ft & & ° 2004) :

(- )FARERE T B ERE 2 AT R B B345TT 0 A RT A G Z BIEE
(DFE 4 DR ARt s B % s s> FLFEP L~ F T8
AR R MBS o BIBIFE Y SRR SR F AR o 3R Al Ak

Ao L > B AORAECET LI ARG ERZH AP G P A
‘4‘: o

-

SEE AR LATESHMETOERIK o A
o 2 BB D RIEETFH < o LFIERSE ] 0 A
g%s%%£ﬁ2ﬁ%%’ﬁﬁﬁ%ﬁ@ﬁﬁiﬂﬁkﬁﬁio
(B)B ¥ Fh b Fa Wk i fofedgia b 0 S BV AR R 2 A A Bl S
oo FUMARARIT ALY AR o S PE O R T Mg e ik fﬂ’l‘ﬂ
WA ot R RS o T &?mamﬁﬁ’ﬂﬁéﬁg & St S
Mg o

B A e 2h 4 g W P AR Ll il R WA

. ) ‘ ~ e |
A '\ﬁ(fl/ N N\

| an i m O
/;L J[r:.)\ ///ﬁ“h“\\\ /\lLJ\”x\ | /X
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AT 2ZARFAP GEiaMEX TR P EF S L HR 2 E R
ElRRAREGE SR )EFERU S PR T RS 5 ASHERES
Ffmatr BIEFL2EARAA5-1977 » 4 &3 CoCoz A 75 % 5
2,309 mg/kg ~ Cio~Ca02- & & 5 759 mg/kg’ BpEEET o AT 2R A
B MARECT T R(753%) 0 T AN s R X R E eSS
2.(24.7%) ; %@H{aa%M%ﬁmam\,S-z—w SRR 3 ) BURS AE: SR

&2 75% % Al (17,600 mg/kg) » # = & Fe (17,200 mg/kg) » & K ki tn % - *
AEERET R EA R LR ZB ‘E’#‘ng‘%ﬁ?ﬁﬁ%&ﬁ%%?‘i°

A RRIRAe > AT AR r/;fqp TR LRSS
A2 2.3 & 2% L Fe (38,700 mg/kg) » ; Al (34,600 mg/kg) > 25 ‘= /E

B
B2 iEg gn%’wﬁﬁﬁﬁ@$#k 7 & i R

%5-17% %5 % 3 32 TPH ~1%

C6~C9 C10~C40 TPH
Tx LA
(mg/kg) (mg/kg) (mg/kg)
PSS I R 2,309 759 3,068
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L52EHF T & B2 A (0=3)

k2 VRN R
~ & Average Average
RSD(%) RSD(%)

(mg/kg) (mg/kg)
Al 34,600 0.51 17,600 0.7
Ca 4,000 10.3 3,900 0.6
Cd 3.1 5.7 3.6 4.9
Cr 73.8 0.2 13.3 1.8
Cu 39.9 9.7 19.5 4.7
Fe 38,700 0.3 17,200 0.51
K 3,140 16.8 11,900 22.9
Mg 357 10.9 3,160 254
Pb 46.0 10.3 47.1 6.7

42




FigpE R 0202237 1p T = 04:39

3% 23t

S2HCE R R
(=) R T TR AR A
PR AP L RERP MM AL R AR iR e

@’%@5VWFNﬂ*ﬁ%ﬂ%ﬁ“iﬁ?ﬁﬁ?~£§ﬁﬁ¥&$MJui%
1 EEFHI L%;ii’;if‘i;ﬁ.%iu Tl raap B iF o

WS-1335%m A+ 9 HE
()2 F R 7 %k FmA
Ry R AR WIET0 ecm2 = £ KR 0 Y R
?;/l‘v'lFﬁﬁ"’f-%@)* ’-,1’—!%3\——?:,'1— Sk drie AT ¢ L2 & A REBIT S
Bou o 28T EFL 0 4eB5-2 ~ BIS-3TT o

C)PPHRRTE
%iﬁﬁ?&%@i%ﬂ,ﬁéﬁ%ﬁ%i%o%i?*ﬂﬁ%?%ﬂ
BHA SRl eppR4wr pway  SHESGEFN 2507 R Em

Lo EREIERT LRI G I RRIZL s
ot > # ot Lo BS54 - BS54 o

43



FigpE R 0202237 1p T = 04:39

R A e RS S S P TR R AT

WS24HBBEELETIW

44

e



FigpE R 0202237 1p T = 04:39

BEAHE

W5-43 /& 7 F WK

WS-5p @y H8Y -

45



WEDFLIEERAELYUX SV BR T FA T REMAZ

=y

5.32 # A 7 wkAnd
LR AR A 2 AT AR R B RRAEY 0 482
2 BB e T E 0 2

A A

W g

_fett 12125 emP2

[ERCATE -2 1 W A

B FHER&EEFD b pleiess L R0 WREe b gnil 2 i
B~ 105°C E 458 (7 moK
REA - T EIP R MARFR O TE R FRIA

200g BFEHE L e
20%2 V)R B L

'L%&F"T , J%
VY ES

HEs A BT

19—,—i"

'@f‘%j\dé&lj alJlEl; 1N
’%ﬁl:}iﬁn‘* P\?’/ékr!\-»;m/‘J7 r-r'f'i—j# 4 ﬁf""} B 4F e

B4t 5397 0 W F5 4 4
s AT RS

/ﬁkfﬁlﬁk‘i77‘a"f§“§ﬁab@ 7@??<’P—j§?ﬁ_|;/\3)m/’5%_i§;_\iﬂ _‘E'
R ARE L2 A B5-6 ~ BS-THroT e
7 5-3: %A B K Hf (n=3)(Average)
I A-1 (5%) A2 (10%) A-3 (15%) A-4 (20%)
INTNER  F
96(23%) 96(23%) 95(24%) 94(25%)
(cm’/Jz 5 %)
Sk 15 R AR
96(23%) 96(23%) 95(24%) 94(25%)
(em’/ 245 %)
R R
87(30%) 87(30%) 86(31%) 86(31%)
(cm*/ e 7 %)
FREEE
171.8 167.6 160.6 159.3
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552 45 #E%AL 7

AFETLEGEHD EFL I EREUAARAEW S F4R T RFM D
"J;%’@lﬁﬁi“f M EAAZBEARIT M AP VR HER LIRS
LA KR o SR 2 E%MA > B TPH 332+ fgaigk > 20%2 7 4
fert 2 pLiFo»e s 5 BB > 2 TPH 5229 mg/kg > H 5 2 fie vt 7 5 P A2 ¥ 5%
F(rkS5-59rm)em £HAF A HINA o HUESEA R 2 A% 5 Fe 51 &
36,300~38,200 mg/kg » F]AE 2 ’J‘ﬁ bt E > MBEGEL 2 2 AR H ) H
= % Al(30,100~37,000 mg/kg)(4 % 5-8) o

xpmaamw AR T 2 AEAR  SEWNETL MR 2
P REHRER L ERAEFRRRR AR S AT R TR TS
2 v i3 'I“i TR R ERIT LR £ 0 g%k dod 5697 o
LMD W SORF AR 0 B M5%E & 1A 2 R (R e £ 5747
) FURG R IV N i A S R 1S% L R R ARA G H Ak
BA3EM PR RARE - F ﬁ”ﬁé%@ AR RIS S R AR50

#0770 Cd~Cu~Pb B2 F #eB 3 e 8 &4 13 M2 > 3 X G BF
#| o
% 5-53%5% 2 TPH 4 15 (n=3)(Average)
4578 A-1(5%) | A-2(10%) | A-3(15%) | A-4(20%) B
C6~C9
ND ND ND ND ND
(mg/kg)
C10~C40
10.17 9.80 10.02 8.57 9.43
(mg/kg)
TPH
24.5 24.1 24.3 22.9 234
(mg/kg)
HeLt

IND @ M3 % B i P& -
2.MDL : C6~C9=14.3 mg/kg » C10~C40=7.58 mg/kg °
3.4F 2 A2 2 N TPH = M #icip] (0 MDL 3+ & 29 % & 22 8 )+ 3 s #i('2 MDL

»‘L«\,u-ﬁm *;J-_’e# o

TPH=ND - % Mgt #ice? 3 s #icp] 83214 MDL
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£ 5-63F 5% A2 L

535 A-1(5%) A-2(10%) A-3(15%) A-4(20%)
PR %R
151 214 495 418
(kgf/cm?)
Bk
2.03 2.73 2.81 4.38
(%)
4 5-7CNS3824 i /b 1528
& R 1878 246 58 3farh
FR B R
30.0 (300) 2 20.0 (200) 2 + 15.0 (150)2
MPa (kgf/cm?)
ook
1012 13121 °F 1512 F
(%)
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£5-83% 2 £~ % 4 ¥ (n=3)

A-1(5%) A-2(10%) A-3(15%) A-4(20%)
~ & Average Average Average Average
RSD(%) RSD(%) RSD(%) RSD(%)

(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Al 30,100 20.43 30,100 4.83 32,500 17.02 37,000 14.43
Ca 5,160 22.9 4,930 22.1 4,830 13.04 4,870 12.11
Cd 3.20 9.05 3.09 10.94 2.64 12.45 2.64 10.01
Cr 72.4 4.10 76.5 2.49 72.3 5.10 73.9 4.82
Cu 55.3 7.14 43.0 217 42.5 3.17 42.0 242
Fe 36,300 1.64 37,100 2.21 36,300 1.08 38,200 3.58
K 12,200 4.08 11,700 688 12,000 6.13 12,600 412
Mg 951 15.36 688 11.46 748 27.08 893 6.67
Pb 258 61.7 64.0 2.98 65.7 7.26 59.3 6.54
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B 2%

%5-9:5% /2 TCLP 4 1% (n=2)

A-1(5%) A-2(10%) A-3(15%) A-4(20%) F R Fl

~ & Average Average Average Average Average

(mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
Cd 0.02 0.02 0.02 0.02 0.18
Cr ND ND ND ND ND
Cu 0.03 0.03 0.03 0.03 0.69
Pb 0.16 0.20 0.20 0.18 ND
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SR WHRTHZEBAEAN

AEL PR TGS RS P B B et e tla S o n H & AE A oA 51097 0 12 Al(1,537~8,316
mg/gk) ~ Ca(41,215~50,963 mg/kg) ~ Fe(5,695~9,125 mg/kg) ~ K(6,944~7,369 mg/kg) s % » et w fd~ % 5 s B2 %
BERER) BB dR A2 EROHBERFL 2R %Y M VO EHPRATE NS NSRS A5 1T

HFCd-Cu~Pbj g p ity B E&EIMBI2ZRE  HEFZRRPIR -
£/~ % A1 (0=3)

%5103 P4 5T %2

A-1(5%) A-2(10%) A-3(15%) A-4(20%)
~ & Average Average Average Average
RSD(%) RSD(%) RSD(%) RSD(%)

(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Al 1,537 31.8 2,568 29.5 8,316 22.3 4,116 97.3
Ca 50,963 2.07 42,284 10.0 41,215 1.55 45,306 5.16
Cd 3.57 22.4 3.24 13.3 3.32 114 3.66 10.4
Cr 56.7 7.10 54.9 8.38 59.5 4.48 56.9 8.13
Cu 175 2.26 176 5.30 166 0.75 175 0.86
Fe 5,695 241 6,337 4.33 9,125 0.72 6,113 4.24
K 6,944 1.65 7,034 3.67 7,369 4.10 7,100 3.15
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BE o HE

Mg 644 38.8 1,018 73.8 1,446 9.72 603 19.6
Pb 212 29.7 156 11.6 157 4.69 165 391
£5- 113 B4 7 % 2 TCLP 4 5 (n=2)
B-1 B-2(10%) B-3(15%) B-4(20%)
~ % Average Average Average Average
(mg/L) (mg/L) (mg/L) (mg/L)
Cd 0.26 0.28 0.26 0.21
Cr ND ND ND ND
Cu 3.56 5.35 5.26 4.73
Pb 0.05 0.11 0.04 0.09
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SEEE FA) LA JE R
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el | AR | A-1(5%) | A-2(10%) | A-3(15%) | A-4(20%)
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A A-1(5%) A-2(10%) A-3(15%) A-4(20%)
A,\ *q— =) % N %V B %V B %V
BB pH | Do | % T H| Do | &% £ | pH | Do | % | pH | Do | T
P By | P Y g C
9/28 8.04 | 6.12 | 31.4 | 52.1 [ 8.13 | 6.19 | 31.2 | 51.8 | 8.15 | 6.52 | 31.4 | 51.8 | 8.15 | 6.16 | 31.4 | 51.8
9/29 8.09 | 5.94 | 32.5|51.7 [ 8.11 | 5.86 | 32.6 | 51.9 | 8.11 | 5.99 | 32.6 | 51.8 | 8.17 | 6.25 | 31.9 | 52.1
9/30 8.03 | 6.44 | 32.6 | 51.9 [ 8.02 | 6.05 | 32.8 | 52.1 | 8.06 | 6.35 | 32.8 | 51.9 | 8.05 | 6.33 | 32.8 | 52.3
10/1 8.03 | 6.36 | 31.9 | 52.3 | 8.07 | 6.38 | 32.0 | 52.0 | 8.05 | 6.20 | 32.0 | 52.1 | 8.07 | 6.25 | 32.1 | 51.9
10/2 8.11 | 6.66 | 31.8 | 52.5 | 8.04 | 5.54 | 32.5 | 52.3 | 8.07 | 5.80 | 32.5 | 52.1 | 8.13 | 6.23 | 31.7 | 53.1
10/3 8.11 | 6.14 | 32.3 | 52.5 | 8.00 | 6.45 | 32.4 | 52.1 | 8.14 | 6.40 | 32.1 | 52.1 | 8.12 | 5.94 | 31.5 | 53.2
10/4 8.12 | 5.80 | 31.0 | 52.6 | 8.02 | 6.36 | 32.0 | 52.3 [ 8.16 | 6.07 | 31.7 | 52.2 | 8.12 | 6.10 | 32.2 | 53.3
10/5 8.11 | 6.72 | 32.1 | 52.5 | 8.05 | 6.53 | 32.1 | 52.1 | 8.15 | 6.09 | 32.1 | 52.2 | 8.11 | 5.32 | 32.4 | 53.3
10/6 8.06 | 6.61 | 32.2 | 52.7 [ 8.00 | 6.28 | 32.4 | 51.9 [ 8.12 | 6.07 | 32.4 | 51.9 | 8.10 | 5.47 | 30.9 | 52.3
10/7 8.02 | 6.58 | 30.7 | 52.2 | 8.00 | 6.11 | 30.8 | 52.1 | 8.06 | 6.09 | 30.9 | 52.0 | 8.08 | 6.02 | 31.6 | 52.4
10/8 8.07 | 6.79 | 31.8 | 52.2 [ 7.99 | 5.96 | 31.8 | 52.0 | 8.11 | 6.03 | 31.9 | 51.9 | 8.06 | 6.08 | 31.0 | 52.4
10/9 8.05 | 6.82 | 28.8 | 51.7 [ 8.03 | 6.98 | 29.5 | 52.0 | 8.03 | 6.36 | 29.6 | 51.9 | 8.03 | 6.59 | 29.1 | 52.8
10/10 8.16 | 6.59 | 28.6 | 51.7 | 8.18 | 6.41 | 28.6 | 51.7 | 8.23 | 5.97 | 28.5 | 51.4 | 8.19 | 7.01 | 28.6 | 51.5
10/11 8.19 | 6.75 | 28.2 | 51.7 | 8.19 | 6.38 | 28.6 | 51.6 | 8.23 | 6.65 | 28.4 | 51.4 | 8.19 | 6.81 | 28.6 | 51.4
10/12 8.17 | 6.79 | 28.6 | 52.4 | 8.16 | 6.48 | 28.3 | 51.6 | 822 | 6.77 | 28.4 | 51.3 | 8.18 | 8.19 | 282 | 51.4
10/13 822 | 6.82|29.1 (523 (820|687 |293|51.6|824|6.73|283(51.3(8.19|7.42|27.7|51.4
10/14 8.17 | 6.91 | 29.3 | 52.6 | 8.17 | 6.98 | 28.8 | 51.2 [ 8.23 | 6.20 | 28.8 | 51.4 | 8.16 | 6.65 | 28.7 | 51.3
10/15 8.01 | 7.10 | 29.5 | 52.3 [ 8.00 | 7.15 | 29.5 | 52.0 | 8.03 | 6.32 | 29.5 | 51.9 | 8.03 | 6.82 | 29.5 | 52.8
10/16 8.13 | 7.23 | 30.0 | 52.3 | 8.03 | 6.58 | 29.9 | 52.0 | 8.07 | 6.58 | 29.9 | 52.0 | 8.15 | 8.27 | 29.9 | 52.9
10/17 8.08 | 7.34 | 29.8 | 52.4 [ 8.03 | 6.78 | 30.3 | 52.1 | 8.05 | 6.51 | 30.5 | 52.0 | 8.11 | 6.89 | 29.4 | 52.5
10/18 8.12 1 6.99 | 29.5 | 52.1 | 8.07 | 6.66 | 29.5 | 52.5 | 8.11 | 6.43 | 29.4 | 51.3 | 8.14 | 6.49 | 29.6 | 52.1
10/19 8.14 | 7.55 | 28.9 | 52.3 [ 8.15 | 7.11 | 28.9 | 51.3 | 7.96 | 6.66 | 30.2 | 51.6 | 8.16 | 6.22 | 29.9 | 51.7
10/20 8.12 1 6.97 | 29.0 | 52.1 | 8.12 | 6.99 | 29.1 | 52.6 | 8.33 | 6.33 | 28.6 | 52.1 | 8.19 | 6.90 | 30.0 | 52.2
10/21 8.11 | 6.00 | 29.4 | 51.7 | 8.06 | 6.47 | 29.3 | 52.7 | 8.25 | 6.11 | 29.9 | 51.6 | 8.13 | 7.43 | 28.9 | 51.4
10/22 8.09 | 6.77 | 28.8 | 51.6 | 8.10 | 6.81 | 28.6 | 51.7 | 8.13 | 6.28 | 28.1 | 51.9 | 8.08 | 6.34 | 29.3 | 51.9
10/23 8.10 | 6.75 | 29.3 | 51.2 | 8.04 | 7.19 | 29.1 | 52.8 | 8.31 | 6.06 | 28.4 | 51.1 | 8.16 | 7.60 | 29.6 | 51.6
10/24 8.17 | 6.82 | 27.8 | 51.4 [ 8.00 | 6.56 | 27.7 | 51.4 | 823 | 6.21 | 28.9 | 51.6 | 8.05 | 7.14 | 29.7 | 52.1
10/25 8.16 | 6.98 | 29.7 | 51.6 | 8.12 | 6.81 | 28.6 | 51.2 [ 8.09 | 6.33 | 28.3 | 51.3 | 8.17 | 6.88 | 28.7 | 52.3
10/26 8.13 1 6.79 | 28.8 | 51.7 | 8.11 | 7.00 | 28.8 | 50.9 | 8.18 | 6.15 | 29.4 | 51.8 | 8.03 | 8.13 | 29.7 | 51.7
10/27 8.15 | 6.58 | 29.5 | 52.5 [ 8.08 | 6.91 | 29.0 | 51.7 | 8.25 | 6.40 | 28.7 | 52.2 | 8.19 | 7.09 | 28.9 | 51.3
10/28 8.12 | 6.61 | 30.0 | 52.2 [ 8.16 | 6.67 | 29.9 | 52.3 [ 8.21 | 6.29 | 30.1 | 51.5 | 8.12 | 6.75 | 30.1 | 52.3
S
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Average
~ % RSD(%)
(mg/kg)
Al 1,7525 54.6
Ca 2,509 2.07
Cd 3.57 22.4
Cr 66.1 10.9
Cu 331 4.2
Fe 32,674 3.1
K 7,285 2.6
Mg 1,377 71.5
Pb 134 2.0
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