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In this study, a wind-driven bioventing pilot for the high-concentration (about
20,000 mg/kg) diesel contaminated soil was established in the laboratory.
According to the analysis, the soil adopted belongs to the sandy loam, which is
suitable for the contamination remediation by using the bioventing equipment.
During the experiment, a bubble respirometer complete with the bioslurry method
was used to monitor the microbial activity in soil, in order to explore the
relationship between the effectiveness of the diesel contaminated soil remediation
with the bioventing method and the microbial activity. All venting groups
presented the degradation tendency after three kinds of microorganisms having the
diesel degradation ability and appropriate amount of nutrient sources were added
in the pilot. The remaining ratio of diesel concentration (C/C,) of Bacillus
subtilis (BC) and Pseudomonas putida (PS) was about 0.65 after 3 days of
experiment and that of Achromobacter xylosoxidans (F3B) was only about 0.80.
After 30 days of experiment, the mixed of the three kinds of microorganisms (ALL)
resulted in the significant reduction of the contaminant concentration and the
remaining ratio of contaminant concentration able to reach 0.30, which is the
optimal degradation tendency compared with the rest of individual microorganism.
The monitoring of microorganisms respiration were carried out with a bubble
respirometer on each microorganism during the diesel degradation. An activity
curve was plotted by summarizing and mapping the oxygen uptake rates during the
first 24 hours of each batch of experiments. Using the curve variance, the
microbial activity tendency can be assessed. The respiration tests showed that
after the addition of the nutrient sources in the bioventing pilot, the microbial
activity of BC and PS increased continuously for two weeks; the activity of F3B
increased continuously for three weeks; and the activity of ALL only decreased
gradually after four weeks of continuous increase. Comparison of the oxygen
uptake rate activity curve and the diesel degradation tendency showed that both
can present a certain degree of correlation in the curves, and it is shown that the
oxygen uptake rate activity curve can be used as the effectiveness assessment
method in the process of diesel contaminant degradation by the microorganisms.



Keywords: Passive bioventing, Diesel contaminated soil, Diesel degraded
microorganisms, Bubble respirometer, Bioslurry method
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AR L [E ’200310

2500 1 ——12 mg/l. as SCN
©— 112.8 mg/L. as SCN
—>— 225 mg/L. as SCN
200.0 225 mg/L. as SCN
== 450 mg/L. as SCN
—O— 900 mg/L. as SCN
;Q__lf\()() —— 1800 mg/L. as SCN
20
=]
2100.0
50.0
b
00 &
0.0 4.0 8.0 12.0 16.0 20.0 24.0
time (hr)

B 3-9 FMFE SR a2 F R f#%&s B [% > 2003]
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@ Pt

ng%ﬂ“u% 2 k& (50100~ 200 -~ 300 ~ 500 pg/g-soil ) =5 % + >
fAp e B EIR (250 g~ §okF 60% A B AR < £
ToRF FEIAERREFLIL LSRR A ER SR A0R 310 7 0 5
i 135 /| pFis 2k & 50 ~ 100 ~ 200 ug/g-soil » # % & % wif 1 16.5 mg-0, °
BT AR e FET S FCREALRS S FHE AR AL T
B A A EIEAR > F PP A KOH #»r iz Flot 3 AR L 1Y
Hok F 21300 ~ 500 pg/g-soil BT 2 ik £ 593 45-73mg-O, > fic2 4 4 iz
Er RGP 5 - F A KOH 3 #rscde s Tt F e Rl & % P&
IF F S a @Rk g [58 5 2000] - 3£ 500 pg/g-soil B¢ > A
2y REATHEFE  KREAFHEFRIE ZREA T 2o HELR B
Eod®ysfipe s MEREdle ZRa 30 o

3 : 1100 pg/g-soil

- .[50 pg/g-solil — - ,|200 ug/g-soil

: 1300 pg/g-soil 111500 pg/g-solil

bl o @ i 0] 1 W

B 3-10 7 2R 2 dsk R f#F B [ > 2000]

SRR L Y A TR R (SRR S 0 0 R (FARS TR T
SRR B A o F AL G R AR RIRA 2 o s R N e AR
BRATFED S F PRSI FET AL R R Bk
Brom 0 40 » 4818 T fEHEF A0 7.1~-83 mg/ll > T3 E 7.8 mg/l (4-@ 3-11) -
AcdodEE X A 24.1~29.7 mg/L-hr» T a5 27.4 mg/L-hr» & 40 4~ 4815 '% 5
mg/L-hr (4c ] 3-12) Fp* 5 7 @4 F BFLN BRI AR F d Ao
ERBHRBALEE S 2P ET 275 RARRRRRIRE LA KT 2 534
WP § E e qe o g2 P ) [ 2003]
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P L 4o AR

14

Tine (1in)

HAPLF AN TR EAT 2 F ok
10
8 [
=) L
B 6 —o0— DW-1
= —o— DW-2
= _1_ —
o —a— DW-3
2 L —e— DW-4
—%— DW-5
0 1 1 1 1
0 10 20 30 40 50

Bl 3-11 24 H 4% PliE2 R #E o 5@ [ > 2003]

OUR (mg/L/hr)

%]
o

Tine (mm)

Rl 3-12 2

LA P s A%k Y S

<@ [m > 2003)
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TR 2R
41 F3 %R
Friadpe ia iy FreiitRERE2F
F PEHE 2 % ﬁﬁwﬂﬁ4l*ﬁfoﬂ<“§%ai & : e
LY A PR AR DL RAGES GHERL BT 0 ML F T
A2 2 COZRMFI- TMMfHFEE 1 URBLE i F
Feav U)o T PR EES FRAL o FI S RFER
%%#%%&i&%m’ﬁﬁﬁﬁﬁﬁia FRE A LR R R
ZEEF AR AL ”ia‘?ﬁi 2 H I okt bR
BT o Ml F e AR RERIEFRE T AR A S A&

~
WA
21
2
¥
g

lmiﬁﬁ%
i‘s\

L2

CER L
L R SR
ZARAIEERA

%

AP FFRBES O AFET R LY TS %
e QIR IAN SR 5 %9ﬁ‘%ﬁ§&@ﬁgg et
ToRAFRE éﬁ¢7i%m%%§ﬁﬁ¢’*¢@g
HoFF FEAM KSR EFL A F ,Zij};’éé)igﬁ,%, .y aaT E%_;
Zo THRBEIEFFELF N REFT 5 X R &%Ww%d4
i T RER LR @ﬁ4k§14£ﬂ4#mﬁﬂﬁ%%ﬁk§%ﬁa
?‘f%\ R A P F R T RPR o

““-‘}‘s

—
(u
lc\?\w”%tw

—

42 FiE S RBRE

FoeNerm g i e E B B AT S R A D R R ehaT R AR

F L 7 ¢ﬁ$%w:%@wmﬁﬁﬁo—&g%¥fﬁﬁﬁL;éiﬁﬁﬁ
erE o Hpm 1;ﬁd A T E2F AR REEIMBOFIHILEF A
2ERE Mﬂﬁﬂ THRRTEEL F R BT A BREF A
PrECR ST R BT A REY PRSI TRARD .
%:ﬁﬁéi}iﬁﬁﬁ%ﬁdﬁﬁﬁﬁﬁéﬁﬁi%@&%ﬁﬁ%’
T Rk AR N RS TA AR > 250mL F BFL S 2 HER S
BFEFREBFALR ’J\';‘zai Rob b S R A R PIE o ﬂ“élﬁkﬁpiﬁ"
v L& pnih g X R i A 30°C~40°C it > FokRR R ARE AR L
32°CHzig » M P RIBARMIGR o F AP MR A F A48 5% 0 e
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AR ER S E S v E R R SRR T £ A S

REhy £ B w‘ﬁii C:N:Pw5100:10:1>pH#H 5 7~81/F » ¥ i
EicA 2 R 2 BB AT EF IR R &Y R
FreNem ik | EES ] e
AORBRERE B TURF BRE Bk S SR
SEE S 58 i)
iR ENGEE L
RIRE
+ 3 pf ez 1
wiemr « SIERR L pg i
FERE rr _
R R4 LR
2 #EpliE
Hpllie L > ”1“4“% %R
TIPS | FR AL
BREIERS EX £ e Sk J R kR KL P
v B2 F
s s BT L =X
P A e 12 4 3
v R E Tk =0
A2
F*831%
Bl 4-1 ~F" 3 R

Pl F B ARG 0 BCRR A sb R AR RS B PR B
f”ﬂ@%ﬁﬂﬁiﬁqmﬁﬁﬁﬂﬁ ERE R
FoZRERY BB O ERS 272
’ﬁigﬁﬁ%kﬁi%ﬂﬁﬁi%mﬁﬁﬁ°i%%
BAFERV RS PR AFREE (B 42) 7 Bk
68% ~ ki 18% ~ Abf 14% » B3R FHE L 0 F RRE o HHEH TR A
HP OB L2 ARTEMERIEANE 2L F R § RRRS
B2 G 2 HE S LB S e 0 Y BR 1-2mm £ # ) @
LI R ERY i R A G R NESLIEREAL AT
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R PiER

4E§%ij" E"P?Ld'ﬁig—&@l?%oﬁ}%%%aﬁ%&ﬁpf%iiﬁ% ?!;’F’i?pp)\ , .'!’_:;kb
ST %W FAERRE T 5 20,000 mo/kg 2 s HEHE Y > R % 700 kg
B3k 3 4r @ 4-3 0 %= Blde 4-4 fror o

/\ / \

30 SOOI, 70

AVAVAVAVAVAVA
PYAVAVAVAVAVAVAVANPAR S

AVAVAVA = VAVAVANIR NS
AVAVAVAY /N N/ N/ \ o
AVAVAVAVAVAVAVAVAVAVASAAN
(NA\/NNIN NN N/ 7N\
\/\/\/\ WA+ \/\/ \/ \/

zf VAV TAVAN. 215:¢ 1= o
/N
BRENE X mmau: X\ 20

AN/ \Z N/ \/\ I \/ \/ \/ / \/\/ \
90 42X 5 1+ NI o o VAVAVAS
e LUX-VAVAVAVAVAVAY AVAVAVAVAVAVAVAVAVAVAN
100% 10 20 30 40 S0 60 70 80 90 100%

5% 4 —_— na
(2~0.02mm) B 0~100% (0.02~0.002mm)

Bl 4-2 3358 A 4B

16
cm

50
cm

SHtE
(10/%)

2[1?\ I
2F

W 4-3 2 2 3 F BB W
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FU% B Bt SRR A P F AR SR RRT L A%

Bl 4-4 234 Pl § #5359 3 B

pATHEHAS #&u4#ﬁ$&% EfFE = B - Prend Fl F
Fip o ARl F R REFAF AR Rk o XATE P R R S

Pk fT% 5P e §F %sﬁﬁk&\dqawiﬁ'*ﬁléuw;&‘ﬁ%
e BB B B3 Hid § ok BdcB 45 977 o F R A RH T
FTRBREABRE RAPULF R N RER v BT A
B BRFS AT EER) DEE o FIP S S vl
BT SR A g RN R F MR R o B F
w¢—ﬁﬁway’aﬁﬁﬁw§H’?”“Wﬁﬁﬁ%gi%&&ut

Aj R F iR ﬁﬁfﬂﬂﬁﬁﬂ R RN IR § 2 SRR i g el
FREAT- R 2R ERECR G Jixﬁiiﬁﬁi‘ﬁﬂﬁiﬁ’i
R E FHP o 2 SRR R G %xﬁﬁf’ PR tics 3t 3 18

FREPNIZEFUFRZALIE LN ¢ 327 GC/FID %4 kB A
178 2 P d Port R o

‘% 5*54 m
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Ly B

[ —
| |
\
[ —
EXVEE i LR
TEPLT 2 REA B} R E A
R ARG IR AL
Xy RN
1RAE ST B - -
% A% 3R iy EEAPR & L3
VAR A o AR
AT o R AR
S5 IE T B b ) e
Bl 4-5 24 § & om & B
4.4 7§ % BRP
M R TS N, P %,H),%’ Fag L& P e
1H%dk@ﬁmﬁw’?“—iﬁﬁﬁﬁ$@§iw_ TEL G
FiEAL  THRAECTREPIBRFET 8F e o BRELY F 47T K 2R A
5 2.2-25psio FELrE ik & ?ﬁ ?%Wi@wvﬁﬁwﬂﬁﬁﬁﬁi%?‘
EEER A Y VR FTRESETRER e o F SR
R R EESE @ Dgﬁié; S ERA T O TR UBRLAL FE2
ﬁk}.ﬁ;n E"f’l"—‘i"zif‘i’gi ;‘,—éf‘ﬂ":;?“&( 4 ek (TF o ,_Jgrkpgi»phlii*,z_]‘ L F - o

Fo AR BREFRETF > BTN ERIIEETRR A EFFTRFLH
o

P BT IR E R A ER T 2 TG SRR R
Bhplc o L F A LHEHY BN R R - MR TG PR R
¥ - 3R> R2 GCIFID #4773 4 kR > (T3 3T A2 F FHB - b 3E%
AR ] RH IR e S kAP 15 g $ SR A E ~ 250

19



FI* ML P ef SRR A P F R RN TR AT 2 Ak

ML F g o 5357 £ 0§ 2 Wpsed 43 ko PR R AT R R
Jed R LR A el A kbR 1327 2 (

45 mL)s,uu#g,.vs—w%sfm;ﬂf*ﬁ S F ,gsmﬁwtﬁ’“‘m%l»\%‘rﬁfé‘i :
Bt bl ded [ E 52 A FR R G RF AR DR pH DK
6.5-7.5 2 F o dfo #-2 4 IMLIE AR & 6N 2 KOH&wﬂw“xﬁ?Ji”*iﬂ’
J:*fjf% A - SR HER: ¢ e TSR

3 MBRLHBIR R M pSn (T 0 A DT B
B PR A . L - AR *mﬂhﬁ%ﬁﬂaﬁaﬁ**jgﬁ
e R 32°C ) AP UA LS SR ST R
FRADIEIEG YA G T A FREFH S F R H ARG o RS
RISE AT b 100 1pM L R RIS E DR AR R
BORF A Rk R 5 130-240 pm - BAERL LR G R T
N TE B AL 5 R et i Feel e g, o

4 % 5 AEmB AL L s pH @ XA ¥ R0 BB LT
”ﬁ TRAPEE B> ERIPEORIET H AL o BE 4 HET B

RERH R R BR SR FATRS LR EFIFR ARG L]
KR e ﬁ@k%”iﬁﬁiﬁﬁﬁﬁ’“”7ﬂﬁﬁﬁﬁ4%4%ﬁﬂﬂ{
3R U R R AR TR S AL L &k e

o

45 GCIFID £ 45+ i3

Pib R RIS L TR 5
(NIEAS706.61B) #r4¢ 4 it 55~ (NIEA167.00C) 3& 4 p] » AL it 5
Mg FE/E e % (110 Vi) séf?ffﬁ‘l"ﬂ’* GC/FID & {7k & ~ 47 > B
RUEW T AP L L2 EfREA

R D e L

1. B5g33- > % ~fad 5ig? o

2. *ur 59 @-kEEA SRR

30 4rr25mL ez m Ll (viv) Rivfel ZBR o
4. T IFAATE L F PR TE% S FB 6 A dd o
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iR e AT

5. FI#* M o BE-F R HR A Y o
6. AMETERE ﬁrﬁ
7. BEBR P ERE MR ALY o

8. i & * GC/IFID i {7 4~ 47 o

GCIFID A 45 5 & :
R 47 ¢ 4 - VELOCITY 130 m * 0.32 mm ID * 1.00 um
oo F 4 (Np) Jid © 30 mL/min

A st R 330°C

wopEE R - 330°C

AR B CB0°C s A 544

150°C m& A48 10C #E 1 330°C
1330°C s 4 T A4

Z # oniE 0 30 mL/min

Z f oni& 0 300 mL/min

A e 5% Dsplit (2:1)

6 3% 7% &Rl

WHFET Y KR REFA P F AT R RER L T

B REALY o AL LR RIS E S TS L kY
B3 itk pl- % 2 (NIEA E20355B) > B~ 1 g 2 $:c % »+ 100 mL & Ff#7
7](\'} ’““:“,QA-,\' ff%jﬂi’/} ;}';t%/_‘j_‘%/@%ﬁt“ a@l,{_ﬂj_ E:]tx?ﬁﬁfig\,éﬁépb&l ,

WERFTESRHEHME AL BB 35+ 1ICEFHEPNES 483 o
1% 30 % 300 B FEHL P - RGBS B AR L4 FH G
I F) S
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H)% e ot SR RAR A B AR S A AT 2 ok

ZREEnZ §EIEH X+Y
& 3 2 = =
B (B B /) = e e smamer | (02/D)+(02/D)

D: 4 #ch 30 1 300 @2 fFchff@ A -
X Y i DfFfaeas Bake 2 Fikk-

% 4-1 AR A AR MR

51 30 M F B & A& (Tryptone glucose extract agar » TGE)
# & # Glucose 1lg

Beef extract 30

Agar 15.0¢g

AR 1L

32 % 01 121°C /& B 30 2 4865 0 4 4r 3 ¥ 50°C » 3t & B4R 17 5~ &
Bk o BEE AR 15 AR REAL TR T RABE Y -

F 4-2 8RR A ApE B

g0 '% 1232 £ XX (modified from Gallego et al., 2001) 7 A E B
NH,NO, 139 1
KH,PO, 5.0 2
K,HPO, 5.0 3
CaCl,e2H,0 029 4
MgSQO4e7H,0 059 5
Agar powder 15¢ 6
A K 1L

Diesel (2 4) 2 g/lL 7

-

FERGERER S WIEELLRIRMBREEA T T BB B R
#r1121°C i 7 30 A 4fs > A 4rE 5 50°C W E KT LB AFS A
PR R Ib A G R EMAT T ZETRAGSHY o L AL T35
+1°CC IR Hp 4 120 A& T B3 72tk
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YR EE AR

47 R RED S

MGk p e g e AL FAAY - RALFTOFSE 0 pBAF I
b f MR EFRAARLIFRAAFI - BFeMHAFRE AL 52>
bR E BRI F ﬁ@jﬁ@ ﬂﬁﬂﬁ%@ﬁ4$7“ T AL
HPAIrEFRIPRE o &F R 2 E CES o 7974k 2. F fRFLLI 2
(Electrolysis method ) &9 % 3 ¥ p 7K %% & ;% (Liquid displacement
method ) » &7 ~ 2 & [M > 2003) R EFH- & 1 =X 7 L B7 L H
4-6 -

m\
X
na
F“ IR

TiEFLE A E » 100mL k&R 5 IN 9 HSO, 0% % » £ BT 2 F 3R ik
FHR o B3 @55 05mg-O/min o e 2 £ ET TR > KR T R
FF8a 5 0 BF g /\517;3'}3(/4 B FONX TN EhF el TV iR
R o TfRA2 2 & RId TRFUESTr p RS -

2. RARE 4F

HE 5 X @and ™ > FEPFRE P~ RO RHA o T RE
B2 el ok f o MR N F e AL R kAL 2 Jiek kel
R e

REEmELEE fn are  AMEBRRES

- & BT L

B 4-6 e sieFs ke 2 & B [ 2003]
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FI* e et X BHRFA LA F 2 HER T AL ERT 2 0%

4.8 M FHEFT

SR IEP ISR AP EHRGFEIREFAP KL S
AT A 1T E 817 DNA S0 35 4 2 P 23§ i 4 A fRsk i
R R AR R SR < ST [ R SR SN R S
4p 91 Acinetobacter ~ Pseudomonas ¥ it 4 ic 39 i ¥ TRB T A R D 4R
FEr3Fiasqaion i@y ks yFEey %K@’ﬁ TR
A ae e B2 PUF EFICERY PREFKEFER > R
Pl < Rl A P S HRIE A 1T R et DNA TR 2 FfaE “‘I;
WREEEAS T AR IR I Rier o E kY BRI R
# - %Rz (NIEAE203.55B) & {7 A 45 o ~ % % 3% i B 5d w
FSRIS AT e A kY A R FEEE S RFERRC G - BRES
Jeteix (NIEA E237.52B) 274 47 « g2 ¥ % #1447 ¢ 3£ PCR-DGGE ~
70 B0 75 ¥ 2 e @ UltraCleanTM Soil DAN Isomation Kit ( Mo Bio, USA)

EEPERE ﬁﬂ\ t5fk > £ 2 PCR-DGGE & 7tk Mg A F %5 F o @ jigd F
DNA %3 * 8% ? # PCR-DGGE A 472 # + » &7 DNA w fc % it
FFEiu DNA S #b w ot & it {3 Bk AE -4 242 72 7 DNA 24 &
¥ % F#JE1E DNA A A 4718 > £ 2 NCBI TR (2 4~ a4 -

GAEETIE L %ﬁ%“@# FAPE S G5 A Al BRE
PN S 0 XTI er o SRl ALy 2 A P oRE RS - B AT
g s A oA 4 Bl b ms_% CRA R B2 G WSS o P
MEBFLY FHFIT UL AP ARSI R R A
B it F0 >y L aEE T Achromobacter~Acmetobacter\Alcaligens .

“‘?ﬁ

S

Arthrobacter~Bacillus~Baeneckea~ Corynebacterium~Flavobacterium~Nocardia -
Pseudomonas ~ Vibrio ~ Xanthomonas % - . ¥ ’JF]' INFFIRAAB AR &SR
SrREEE &2 g e Achromobacter\Acmetobacter\ Bacillus~Nocardia -
Pseudomonas % [#% > 2005] -

¥ 'E R E 4R o0 B 4F § 4707 Acinetobacter - Pseudomonas ; k¥ #F
9% Pseudomonas; £ 4&'=#g 5 Corynebacterium -Brevibacterium -Rhodcoccus »
Mycobacterium % ; Z*=%f 7 Arthrobacter - Flavobacterium + Mycobacterium »
Nocardia * Pseudomonas » Rhodococcus » Xanthomonas ; "% f# > 4 '3 % & & i
L 4 mf;:]’fg%”ﬁ Acinetobacter - Bacillus - Corynebacterium -~ Desulfovibrio -
Pseudomonas * Xanthomonas - £ 75‘ Gibson » F# P~ ML P > (T 5 'Ef2
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iR e AT

”H

B & v & 4 chFf83 Pseudomonas putida # — £ Beijerinckia ~ Nocardia

>

'\'ﬂ -4_4_

EN I W oy R m[;f]fg; Brevibacterium - Pseudomonas - Vibrio -
Rhodococcus % - fizdt 734 it £4 ¢ ¥ 3 Pseudomonas - Rhodococcus # f

%mﬁﬂﬁwuaﬁﬁéﬂwww“m%w%wm&d’iMh¢miW(®mm,
1971]

49 F A PR KL P L ERRA AT

,..

AP AFHNFOFRB O FEBA R ERFALFE D F B
100:10:1537”@3,],“%;55;;?}’j%.{(ﬁ;u%arK ~Ca~Mg~-~Fe~Na~CO~2n-
Mo~Cu-~Mn &% Z gt 2 L F 2B ~% o it s i
BEAFEFH B DR SRR REARET R L3RR ELMKE
AEORRARIE ML P AR RERE R PR F R A R A
b o % frdp i%pHﬁ@%*7¢8 Fhf st 35 Flgasd
EaE R~ OB 33 § HEPE ik ot £ 22 [ Dominguez et al., 2012] -
HEN R B R TPHs 3% a0t 3 pH 1 > 02 8 pH @32 4~
ﬁnﬁffgrs g odn 28 6 A4 RERpH % 2 Hr 5 a4 a2

18

P“

410 2P F f bR 2

AT BB A5 2R S A R RS R B R
Bengf h B AL R0 E R et s ey & fﬁi‘*#ﬁf’?%&ﬁi’ 1
ThAEHREBAFUFRAFERDFTLIEDF A2 bdH S - R 7
AW R F KA LT A R RS T o R R T 2
FABER Y o B F ok o L IEEBA AL S FRE (32 ms) s M @
(M/s)idsk ik i » X ig * F MR BF KEHh BEHHFEC > ZRIFMREZ
FARR V- 2o d P LU Gt G RIEREDE FOERAFRY
FEWT R ERE L E G UAFE F EE o QIS M ERES -

$ o MBMREIRE R R M PRI G EN R R AR NS
HIRB > f B S R R S R R TR i B R R 5
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FU* e St SRR A P F AR F LI EAT 2 Aok

F@*ﬁ%*ﬁ—ﬂﬁ' l4cm~ 3 RT7TCMEELF B> 2uls s HRes 446 7
o SRR B EEHAPRE > ¥ 9 5 20,000 mg/kg e BT 4R F p ek
*a_ﬁﬁwi.$$’fwﬁ£&4#ﬁm4# Lt iR g 0 {4
IFAFERRIE W R R R AR TR o 0 PR S BN RERORE
PUET FAnR M ERF K 2B A S U §ERARER% -

>
»

Jis

FE ;ﬁi—,,’]‘%cg FReEog @@ 2 3EY C:NIP & & 100: 10:1-

YE L d pd EIEE > PR TR RS ALY R 2 s g gE
AR AE LR R Gk R AR R - TR
BAREERHHPE > LRI b @ FARTT it Rkt ¥
R A RFESF R R RN EREAL  BEIRY R ki F 2



VR e YA

411 1 feie 4o & W

#4112 |34 |56 |7 |89 |10|11]|12 |#
T
1 iE3E B
gy LXK
FRELE T
>:<
TR B
3 s 35 3%
= es R
PR R T | | —
B L 8
5 04k R 3%
4 2 33 —
A R A 3¢
b g N
5K B ik 3%
d piEtte it ——
HEAFLER s
|
1 iFER 5( 10 15| 20| 25| 30| 50| 60| 70| 80| 90| 100
A %l %| %| %| %| %| %| %| | | % %
(R )
BT S S R ST R
Ol R R B F R PR R
L N R LA R A LR e
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EAR Rt LU ERE ERE L RE LR

I~BEREW
IEEFFIAL

JEEARBp LY AT FRwcH BEW 2 H W 5L B
FF R F AR 51 47 o FIE B A 478 % 0 Bk 68% ~ &k 18% ~ ARk
14% > B>/ a2 > pEOTR T2 AT 28 0 B2 G Rl kR
WERMREF2PEAF 2 AW FRAZEEAREERTEGRD
ERE AE AT KSR EA 3P BEER Y 20,000 mg/kg > A £ B
214% > % £ 2 847 £ 4 % 5 003%#2 0.002% » fis Fi&(7H & BF4eidB

s WP wenCINIPy 5 1000:10: 10 £ 5-2 §.5 & 4 A

B LB i MRS KA VLSRN F R SR (7
Bz 95 209%) o7 & W R4 dFE e P bl AN B
G F o HC F CRERAR A S o KA § W RIERT FNF WA R
CEBEC PR ALEFTHRF FEOEEP BERARFRERLLEEL -
3 05-1 1 EEHE B TR
Y &% * T3 FRw e
T o4 BMTFRI) PE68% B 18% Ak 14%
IEAELS C:214% N : 0.03% P : 0.002%
FEPHE 7.95
I ERAR 1.4~1.5 g/cm®
Fteid & PP - B
ARER 20,000 mg/kg
R 5% p v 5% (A F exl i § exd)
252 JEEHRE LB S5 Wik
g % 2 B2 -3 3 HWHF-4 -5
§ 5 (%) 8.9 9.0 11.3 12.1 13.3
- §“B (%) 6.8 6.8 5.4 5.0 4.6
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(3N 21 2
= 5 85 @Tj’ @éﬁ

5.2 Mgl FivHkgE >

PR TR ST NG A F R S RBIRERE RTEE -
AAFELY M F RS K G 22-25psic H P iR F RSRIEY D §
# S 3;31%]:'1 T rR LIRSS R f M o HORADRF f) A 2 3594 e

fYrJ’ﬂ °

é}gkﬁﬁéiﬁﬁ.\i CEp R £ER 5 30°CE A0 CRE RELERAE
EHMA P me A4 a o LER KRB AT RERT B2 R2REF BT
P REER §FEF RN FORE T A BRI KB 1._320C’
HERRZES - B CRBFMEPF o™ R ELIHET %
52 2 “fi

‘\

BWHERALZ RFRHEDREFF AP F RN R R AR T
IR RN AR TV R G e B R R
MR TS P SRR T PEARY 4 A S NI o R F
LRFE/RY FREIRLEY B L FRERA AL E T F
PR CE R R E R AR ke Y KOH BT =
RSP RRREEE R RT RE R R D F PR E P 2
& B 5 130~140 rpm FF o

53 R EHL ¥ & PR IeidR
1. 3Bk § Rt

P Y A AR B C PR ISR RE A 2 EY NG

FH003%-22E* C:N:Pt5100:10:12 %A~0E 227 Nk
BPRA o — BN F I AAFERYPRRY 7§ E 46.4%5
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