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Abstract

Chloro-organics are usually carcinogenic and have high toxic risks to human body,
soil, groundwater, and ecology system. As of August 2020, the Taiwanese government
has subjected 16 places as chloro-organics contaminated sites, among which 12 sites are
announced as remediation sites and four sites as control sites. Thus, the management
and remediation of contaminated sites are critical. The concept of precision
bioremediation of soil and groundwater pollution have been widely proposed around the
globe. DNA-Stable Isotope Probing (DNA-SIP) technology has been used to identify
the active functional microbial communities of desired in various studies. This technique
has also been introduced to identify and evaluate the microbes that can decompose
recalcitrant organics such as chlorinated organics and polycyclic aromatic hydrocarbons.
With using DNA-SIP and next-generation sequencing (NGS), scientists will get
comprehensive and detailed information on the activities and compositions of

microorganisms having abilities in degrading the chloro-organics.

Thus, the ultimately goal of this study is to determine whether DNA-SIP and NGS
technologies can be utilized for future biological remediation projects. This project will
simulate the conditions of a chloro-organics contaminated site in Taoyuan in laboratory.
The site is mainly contaminated by 1,2-dichlorobenzene (1,2-DCB) with concentration
of 4,070 mg/Kg. Because of the limited funding, in this current research project, we
identified the carbon sources for the microorganisms that are responsible to the 1,2-DCB
decomposition through a series of laboratory incubation experiments. The results
showed that more than 80% of the microbial communities may be able to decompose
the 1,2-DCB while yet been classified. For the rest 20% of the microbial communities,
Pseudomonas, Nocardioides and Anaeromyxobacter appeared to have high potential in
decomposing the 1,2-DCB. Moreover, the carbon source that were utilized by these
microbes was likely to be 1,2-DCB. In addition, some methanogens may also be able to
reduce the 1,2-DCB as well while they may likely use CO; as their C source. Thus, '*C
amended 1,2-DCB and/or *CO> should be considered for future DNA-SIP experiments
to label the active 1,2-DCB utilizing microbes in the field.
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b mpERE D 2022&30 23p T &

VAR RS SRR PTIRITEIRE & G L PR REN

-

Z%ti#;'"ﬁﬁ’ﬁ R WP asdl o R RfIrREE R N AR TR AR
#iEAEY B2 B A hE FHE ORI R 2N DF R EHE(B = )(Lorah,
2014) o 5t & HiE* B¢ RAL S d £ P (cometabolic) 14 & s gefed eX T * (dehalo
respiration mechanisms)it (7 1 & 75 fF o ¥ ¢b > A4 F kT 0 & F ik B
B EAI* g F i pr(dioxygenase) > § f A F 1 F 4% R ¢ Al § e
T 1% (B] = )(Nestler et al., 2007) -

g ™
Cl Cl cl
oL 0.2 ©
.
Cl Cl Cl Cl — "l
1235TeCB 135TCB A13nce
97 O o/ L
Cl Cl Cl Cl v Cl Cl
Cl Cl C_\ Cl ® Cl @ Cl ® © @ O @ @
e J —_— —_— —_— —_— —_—
cl Cl Cl cl Cl ®® “ .
cl Cl Cl o/ o~ 4 B
HCB PCB 1245TeCB 124TCB 14DCB =
PN S Nk
Cl Cl / Cl oy \
Cl cl Cl Sa A
Y *
— — | — €03+ H;0 + HOI
@EI @ Cl @ %
Cl 123TCB 12DCB
124TeCB
s 4
EXPLANATION
Compounds Pathways reported previously in the following references:
HCB  hexachlorobenzene 13DCB 1,3-dichlorobenzene (@) Middledorp and others, 1997; Masunaga and others, 1996
PCB  pentachlorobenzene 14DCB 1 4-dichlorobenzene () Ramanand and others, 1993; Nowak and others, 1996
1235TeCB 1,2,35-tetrachlorobenzene  12DCB 1,2-dichlorobenzene @ Lin. 2003

1245TeCB 1,24 5-tetrachlorobenzene CB chlorobenzene

1234TeCB 1,2,3.4-tetrachlorobenzene B benzene @ Nelson and others, 2011 (Dehalobacter speciesresponsible

135TCB  1,35-trichlorobenzene CO; carbon dioxide for dehalorespiration.)
124TCB 1,2 4-wrichlorobenzene Ha0  water (8) Adrian and others, 2000 {Strain CBOET responsible
123TCE  1,2.3-trichlorobenzens HCl  hydrochloric acid for dehalorespiration.)

Known site spill compounds from 1981 and 1986. * Can also proceed via aerobic degradation.

W=~ & FF Lenvkfagic

(Field & Sierra-Alvarez, 2008)
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< pedt

cl
OH 0
_LL, Z~ “CO0-
[:f:] coo—'_qii

HCI
Chlorobenzene 3- Chlorocalechol 2-Chloro-cis, cis-
muconate
o n[H]
COO- Acetyl-CoA ——= -
L e 0,| \No,
CO0- Succinate —

3-Oxoadipate

Bl= ~Mcd 3 45§ A3d FoniBfe? V8T ag F Rl 2484
(Reineke, 2001; Reineke & Knackmuss, 1984)
“"f’ﬁ‘-&j\”"ﬁﬂiiﬂ”%ﬁwé 0y 0 BRE FIRBIFEET o 3F

FRERETVAEAT RAEARERAE M A RERBITY A FfET 4 7 1B
¥ (Xuetal,2015; Wenetal.,2017)° ¥ #F > Yuan ¢ % (2021)7* % I Methanosarcina
BELF g il o ] AR DFHIBEEETRED > A X ORAER
#2 > y-HCH "% f2:# 5 B A 3 7 % cn i 3 4o (Bl ) ©

a) Concentrations of y-HCH, CH, and CO,

12 21
_A
< = &
¢ 1 =) f
& | : r
=, = y P
T 84| 14 L 3o ]
(&} <% o &1
T % = ? 7
.> | 7.\‘" N | \
— \ N < Fi A
© L5 At
@ \ NG i
4. '?,\V\\O 7.4
| o
| ? » -
A 412 J
a M
S Fv-g—v o-y-HCH
0 — 0" oM. Barken
0 2 4 6 0 2 4 6 & M. Barkeri + y-HCH
Time (d) Time (d) v-Dead M. Barken + y-HCH

Ble - 9% 324 T y-HCH 2@ 27 2 4 4 3 %

(Yuan et al. 2021)
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DNA-#£ #_ =% #¥ 4-(DNA Stable Isotope Probing; DNA-SIP)H it 5 — f5% 5
Med B BT & R SRTAR PLIT o HPow e I8 4T PR 49 A R D
HE Y A anfiir hE G F s ok d %% (Radajewski et al., 2000;
Tringe & Rubin, 2005) ot HFL B FBWATRBR Y Rl 3 BTk R R
AF (P2 % 3) T2y Pi2FER- 557 AFZAT N ik
AP oEi By IR FOATR S SR g B2 9 DNA g
Fi kg odopt - ko TESERARNEBFEL N BN EEREE
9 DNA 7B TP Rt f A PEEIF RS g R SR e sb't*.x%t
4 ¥ 348 (Neufeld et al., 2007) »

F]t > DNA-SIP 7 ¥ * kg dh@ery v iv 27 A@pd e A a s o %
AR NG FEE (A REITE RIS ABRTERATE BB T
P~ FHA B 225 (Dumont & Murrell, 2005; Dumont et al., 2006) o & iT#p F#= 3 # >
DNA-SIP @ A% 3t L 87 o chIR BARE (2 3 ~ 5 TR ~ 30~ 2 BoKd2 iy
%)(Cho et al., 2016; Shiau et al., 2020; Shiau et al., 2018a; Shiau et al., 2018b; Zhang
etal., 2016) °

DNA-SIP kil * St 3aA 25 54 (5 4 3 8% - SRS 4 %md 1 & 5)
it L E 0 BiTA E NI F L T R o Jia B A 30 2020 &£ A G g
# Tl(Jiaetal., 2020) » 41 * DNA-SIP Hjtv’% & Illumina MiSeq Z_& % 53 > &P
= % ) (triclosan) g kel v K k5?4 B o ‘J‘é’ﬁii’i‘d%’g."zﬁfg 4 % fRen
2R o BT 7w M2 4 Amaricoccus i FARIARZ F 0 T REFEA A A 5 R 6 s
Memek > oA ;f;» 2 k5 f3= % ) ¥ ZEP Amaricoccuss it 59 (T 5 = & V)
£ 'F ﬁ'i"ﬁ o 5 ¢k 5 Li & A 22018 & 77 3 (Lietal.,2018) » 7= 12 DNA-SIP
R SRS i] % p g v & $ (polycyclic aromatic hydrocarbons, PAHS) /3 % s
Kk EE R A Mend $5 'F 2 [ Acinetobacter tandoii LI-5 it 53 & 4 A F ch3E
(phenanthrene, PHE) i* & 47 engg it i % o ;AF‘ £y a‘ﬂ 2t % DNA-SIP i & IR
B (insitu)end 4 B 5 B> Beil i {42 N Tt e R 4,}? FILE S L
PR BE e A AT E B e

PRIAR K E A ETRBEEEET LTI R BT 2020 & 3 & 7 7 (Zhang et
al.,2020) » | * ﬁ»“'f Tl R BT AT E S B BT M L Y RS
FE A b2 H N g T %ﬁ.rj 2 A TR e - LR mﬁz:%%"%’ﬁﬂ e en
i tER E](nltrate-dependent As(IT)-oxidizing bacteria, NDAB)% H i £ i&
== x%ﬁé;ﬁ Cirr A EARRITY E A N2 AT TRE Ay (L iEr
(nitrate-dependent As(IIl) oxidation, NDAO)#74>i# sk & o %A~ “’T‘ TYEE G B
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@ AT

NDAB g2 %% 5 fhbard > B EHEP 1 K" DNA-SIP Hjkva 43 #F ¥ F 2
NZ M4 £ (slow-growing) =7 NDAB fg# 37 %3 > 3P gt Jjlesanir T Fo R

e

¥4 DNA-SIP crdp MAT 5 > B R0 5 ¥ 54 7 B4 dpmmy > 4 B
RFIT i ASti R R iE 7 DNASSIP F SRR BGL 7 5 o Flt AT 0
gt HG ) BRI & FS A0SR B B SRS PN -

-

R od W ARMORY CZEE ARG R LR R PRUREAS
A U FRefE R R 2 B T2 P DNA 3z > T iEd f247 4 B ot i 4
PR RE S D R R B o B AR L ML 7 L AR & TR B
BNRETDBERFLF o B F FEROF RERA o BRI R

ik e 7 DNA fhis 2R Bio 1400 Rl fed fehle 30 B2 A ki L
- B AR Fnd R R Y R B 5 S
D I SIS ST

Frd SRR TV R RS 2 %?;PE %a‘%#:}iﬁ'ﬁamﬁ 4 ;}'ﬂ ,E,gﬁﬁl‘_ig_ﬁ,\
& 4

A

T fETZHE B ,9554 SE I A ;an%:::%‘,-; ) E_,ﬁ@i
Foo AT e PE R G RITE AL Ak ow G A o fap e iE
=4
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R BT

(2 )% * iz BEMR
4.1 75 H 7 fe

Vs A R fjr”?rfméiﬁv VSN N S RE S U e e
& * 2. DNA-SIP Htr> 2 F v Pz ¥ 3 »aifie 3 L350 v? » %53 4#’?_’}2 -
ﬁ;/é‘rimﬁ“v'(i#’”’?%iﬁ”’ﬁ 3L jE o F]pL if\){f—"“‘ R4 'lfbﬂ?;}i;}i NP f A IRE (T

F 73 R Frh s TF S RS o

BRI RS ST RRT S R E T RRI 0T o R
EF %y L4y me )%;‘}ii s el &-F R T S ENERTUNEY ¥
AR GT K0 A R ke RRILES PRSI L L B
R3 F‘J’KB%,\%EF 51%'? BT A LAGE Tm s HY AF X 6 25 %k 4
WEERZ 122 4% 3232 F 6]z CO~CHs % § FAY £ B GE%’]‘;‘."‘L?,% 2
AEARFERGAABHE MRS ST By B E - o R 12 2 F

Fie M 25°CHake & o

BA&S o RE 2711 GC-FID #%B CO2 %2 CHa R S » 2 T 8 % gl
PR AP MBS o F BFH - e RS R

TR LI IEL AT %%mw%w FP~2 gt DNA~ 23N 238+ 2
§¥o§ 2. DNA {7 {8 % NGS 2 qPCR 4 47 » B &2 3% ¢

ﬁ%&%“o4§ﬁ£+£?KH%EO~M%\MW5Pm’

i%ﬂ12:§¥u9ﬁ§&%w?GOHDAﬁ%§%I

Bfs AT H-LIE P B B FEE A UHP I EY KLY B R
3R RRE L b2 M FRE O B LR ﬁmi%iwmﬁ%i$%%§°
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(% An5000ppm 2
12-=8.%)

N EA-G £T74
(A-F# 53] 7 2 5000ppm 2.
1.2-=8.3%)
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EENE L3R A 3%%?f
i DNA 1R CH, ~ CO,

N J\ /L +3EL2-—

R ER
PUICH B 15t and 20d PCR B
Cl~ NOy N gPCR
N 8042' > PO4' | NGS}P{}% |
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AR ER B AT
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B A

- 1 FERHHE
!
— 110 NN
1 iEIg p o
3 4 5 6 [7 |8 |9 [0 |11 |12 ]1 |2
B REREES -
R :
TR E2P% 3
e e 3%
/R AR
1TIFERRBMEA OS5 |10 |15 20 30 40 (50 |60 (70 (80 |90 100
& % % 1% % (% % % (% % (% (% |%
1. P HEEHREERRE 5 LE%
He 2. 2k % % 3%”91‘ 4o iE'J?ﬁﬁxfi 1,2-= 5 ﬁ’ii@%(?ﬁﬁé
)
FRATE L B ¥ BORE 120 § FOE AL K2 R (d
9 % AR
T2 B i M PR E R ER
3. 73R EfRARE LG A B MR
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MR R RS N R RIEIRTE R 5 A F L S PR
42 = % ¥ 354

AELFNEENRIHE TR T FRE D F ¥
Jﬁ-ﬂs'\’\?"ﬁb‘f ’l*m,{;*,t} m-% j\, Vi 'F“%;‘?‘Jﬁ%iﬂ—:’/i%«f fﬁ'%%“r gt°'ﬂw
BT EPHRTET - 4 FER L EAIE R A

VLA R AR LSRR e AR R F s - R
B BRSO £RHE > ASEIRBFLE LR PR R S SR
FEAL s Y AR BA A Ed o Rt AR I04 £ 20 4 S AR R TRG ]
FAlsa o LR ToRE A F H 12-2 § F(1,2-DCB)E 1,4-2 & ¥% 25
JE R 6 % 5,000 ppm =% o B AR 2 4;&%1@ S UF L LA L RER
160% 0 4 2 BAL I REE2 85% 0 ¥ H31.5% T E o Flut 1 L

pre

inuw.}ﬂ «LL’MJ‘E‘.T —%_0

THEEGRAIEL Y KR (B> ) X REMERE KE 2 M2 50T
.3%?&%%‘??5&677};@;@’3;?]?"\1 AR R Z AL D FFALLFHRI? 0 REAS
FRAEFH - FIL %A LR S5 ENMNEF VRN TR RS

FOHeRERAKN ZAETIREAFR? HEY ZFRGF L4 2 - F Tk

ETIRS
—
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i
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L @R 1 2022#37 230 T =

B R giEse

AT RY B AP EEFREEFER > R IR 2Rk 2 kD
W) BT RE SR o

EZ % FS5 A0 R ‘g’iéq*lfv‘zlﬂw? FA5HE (A1 ag o4
23 o B end i,gﬁxﬂ:ﬁlz&iaf SiE 6 o T RIS
ok A

S
P2 KRG St i’v'J”?:“/ERz?%fﬁff’f ENVEN L’rﬁm iAo T E R
500ml 2§ o jdge 0 B EFRE BB DI (B-) e

-r\\

Vo ot o fefldFR A 2 18 0 4o 2 5 S50ml d IR AR MR D 2 FiR o (F
A prefiih o EMORRFERD LT ED }I?r”“rt* (B % % > 2015) -

e

£l

'

2 Mk R L 125 RGUREE AL TR 1S X R S0 0 e 2
BEBETF RS o
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MR CAFSE S R RARITRTE IR E R L L PR R
44 = F FRE "Ef29 %

B3 YRR ETE R PR A & & T2 7 Methanogen 12 A
Pseudomonas 3 7 & ¥ it £ 5 fR2enjicd B o Methanogen LR TR AT
g > ¢ 7 1% ¢ B2 5 Acetogenesis 2 B F LA T = o0 14 Z mﬁ
Dehydrogenation » J& > ™ &= § P gIF 5 pkh2 A 7 "= o ¥ ‘b Pseudomonas
Pl ¥ ey et oo

FIfb o AT HEY B RO REGC BT RE - B30 HR) B
FHREZORIBAEFTH (B N)e M7 fRARE 5 ARBAT i FHEFHFLE

EREE R AT o ] FHRERE S e o OYRFHEESN > - B
B 10g 2 chE > B2 A KD 30ml chn FE LY 0 £33 49 Bi&E (BI4)e
R R AFEAT G BT L R L MY F TR

IF ﬁ W= Bh- s TEHHAY 2 42 B Jf%;;%)ifjt
ik & 5 5000 mg/kg (5000 ppm) ° 2. {8 & -l S(kw] A)F e
FH B TR )z*@f‘—l, ¥R S(ES B)F A ER A A ] 03mlz %= § g8 >
Higp 5;?’%};': § CEERZ DY 10,000 ppm 5 F = etk &F(ew] C)F AR 4
>6 03ml 227 % RHESP F T REREDNY 10,000 ppm ; % (9
D) %7 ®2(&2w BE)” 2 %> 2(ewF) B4 a3 Zdckwif 2w AB-Co £
BAaDN~E~Fzletigimg Y #E COy & CH4,,9]‘J’\: B2 14 F b r 10
mM 2z NH4NOs £2 10 mM 7 KoHPO4 » I fiz B 33 & IS RE > B HE T 60% -

B2 E5,000ppm  BALRCoREZ &4
_ARRE | EHARRESN S
Brb g SR 3

e

fg o L3R
B e T e A R

PEE X e g

Bl RF B AT R ARYF R
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B4 -~ RF RS R

el 2 ek F 25 R CZEERARHEFE R > T304 42(% 0 %)~
7~14~28-42~5663 % » 24 HFEPN FCOER B o 2 155 — vk S50
EP- FBESEFSF R %

B SRS TR 85 07144263 % cnfk i (74P M 1
B2 AT o AP 1g 4 MR g 20 15ml e F ¢ 0 Hip 4 10ml =
ZTEFKk MR ARTH > BERT 30 44 0 2 (SRS F 12 10,000 9
BHe S AETBER R o bR 5iE 0.20 pm g KB i 0 MBS R
RA T H P g 4 (CD)~ A i B (NOs) 1 2 B B (PO ek & o ¥ ¢ e
FET o0 10ml P URFART IO PO TZ AR FF
kR e
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VRN NE N § o F A

46 3 A PoEF SRS R E A 47

FrEF %R T EE BB RIIHI R T B 0.5g o2 3> 2 Qiagen
PowerSoil DNA extraction kits i& {7 5 B~ » & f8 ch3 B e FF R RATHR B AR
AT R A B B w09 3R Bl A kits ¥ 200 L 9 bead solution
T4 5 phenol:chloroform:isoamyl alcohol ;& fvi3 ;% - H &4z 7 8 -

FBNDNA SE T ALME LS LRI FEIVER 218 0 12 16STRNA (V4
S515F/806R) z_ 3!+ ¥t ~ PCR Taq (Ampliqon Polymerase Master Mix RED 2X) :i& 7
PCR ## -

¥4 15 A& 4+ 11 VIOGENE PCR Cleanup Kits i {74 it > £ &4 Illumina
Nextera XT #7i& * 917/i5 51 F %> &%= — B % 54 W& 7 barcode PCR - # 4~
B 1158 PCR i 38 e g2 o £ 115 Bk & 5Sng rﬂ%ﬁ’{é TR ez = DNA
Library » ¥ i% 3 R = P il ~ & L FH8 ¢ <27 Miseq & °

pleb 2 er B 2. DNA> ¥ “F 12 16STRNA ¥2 bphAd 2. 51 3 ¥Fig {7 T pF ¥
% #_§ (real-time PCR) - & * 2. qPCR Taq &4 % # SYBR Green 2. Taq (Promega
GoTaq® qPCR Master Mix) » H &z i2 ¥ 2 B 5|2 K @ % 2. PCR g -
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MR R A A S R TR IR F B L M R RS

4.7 2 A B8 R B By A 1T

Fd AT /R 2R PRE S FTA > #* Mothur 1.39 3K 7R 7]
P B ehe K R 5 %% Mothur F & $exb i i (7 o B 7S d e X w15
i@ * RDP VI8 thiA 5| FHE » #4F @ Firz Aol arent #41 7k
R e o s iB2 MR Ac ol 0 1% Excel B UEFAM C HP HHBZAAHYR
BB oo

VP REF AR 2ZHAE > BT T 1L & Ribosomal RNA Database
(rrnDB) t #H T35 6STRNA £ B fio 0 % Tps ok 2 8 F %979 2 k& 16S
LB EFRE %1 G HEFE R E 0 B Excel W E L HES
HEERER - Fwmit 8 3 N ARiEL & A 77 3227 (Jianetal 2020) -

FTEA 2 POATRT]  T RS § ¥R S0 ¢ 3R E i PR E L E
A 9 = d % > 1518 Kyoto Encyclopedia of Genes and Genomes (KEGG) 3 #
B¢t r R A PR LA BT F R FIPE o PeE D kR § it
Ape A0k o LB W DB FALEHHE 16S rRNA # 1 S ivR
o FEARBNS R BATISHE S RB -

¥ oebpr g 7rig % Mothur ¥5 B4k 58 (T B4k » $ 8 {7 de novo 5 OTU
cluster> 2 {§ fr $ @ * RDPVI8 enf 7| FTHLE » 4 OTU & 4 B 7|58 (74 f8 - 4 o
PR g £ 4 A RS9 OTU 4 A7) > 325 # alpha % fizdpdfice 7 oh b g
NMDS * #  #8 3 % & (PCoA) A 7 ©

THEFEREBR AT R mefé#kua”i’ % BB 2w 50 % OTU & £ B 71>
¥ 12 MEGA X (Kumar et al., 2018) 3+ & H K suf 7 g H - #1if 2 g% L 58
EvolView V3 g @ H # Tt A3 PP 5 0 S0 B & RA LR SEE R
2% EvolView &g % % 5o 7 #Henke pF > g 1 2 R e B (Bl (Heat Map) -

L 5 Bl e st A 47 0 B % JMP 11.0 (SAS Inc., NC, USA)it (< 8 #]3 § B
#c /47 (one-way ANOVA) o ¥ i% i R-Studio 1.3 i& {7 4k 4 47 (Redundant Analysis;
RDA) > f# 7 # B 5 ¥+ & jic 2 3~ 749 2 B 5% o f p 0 12 Variation Partitioning
Analysis i& (7 I 5t F]F &2 PR R 1 A 4T o

E”ﬁ%’}"‘\OTUPLz\ 7}@{&“‘7?}'—’55 F i 4R E o P i@ JMP 3+
Kendall’s y #p B 1+ #ﬂ& » 712 Gephi 0.92 % Wl # Co-occurrence Networks ©
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BRI A - F ¥R 5 s A b

Fﬂﬁﬁ)&{,}ﬁm RA > 23
ik R (en] C)» bk 4 b B BRIRE § ALY A Behen|(2y E-FF iz
FRESE T RRR (AL KA GERhC § FeheuY  TERERE
FRNEAFEBCLY D) B2 hE YRR G PR B E o T
e ALY % BT

A B SR T TR e p - %V RE TR
B WA RS 2 A S REET AN BRI S T R R
FBELARTR LGB
<0 .
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0.29-0.57 | ]
0.57-0.86
0.86-1.14
Sulfate
1.14-1.43
143-1.71 | ]
171-2 ]
Phosphate i e
Chloride

63) > FIEILHE S B4 40Tk
B4 0 E (]

B2 BRI F o od (x3
DA T RRRI AT .

KA et (8% chf AT 5T g 0y il
FECHicha £ 4 FF ¢4 22 (p<0.05) (25 G) (R -)
@R A R EehH b Ban] o COychit 28 L T od L7 3
SF FRets o MM FOREEILE AL P R ST DTR ot
R #555’»\;1,%1 i (2% BrC) o B COz & A CHa e 3 £ 405 B A7 e 4o
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iw%%%mm’ﬁﬁﬂ?ﬁamw@%@%mwaﬁﬁa@aﬁgggﬂwi
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bR 2022#37% 23p T
MARTR R FFEA L TR PR RE & 7 B L P RE S E L

oM F APE 2 e PR AEA e Pl B T R AL T R g T N
s Daet kAT - & FoFENE T R2ERES P2

UE e > Rees § AR R RA T e AUR D S e AR BB
FaodmflARmt 244 90571 P Flfplioe f ,
LR F R A v kA P o

BROEHT R - T R EY ¥
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REZZEREIPAEDREZ o2 F L RACHEIA T T gRY COo A i
MEFAREE R B A P I R o

a,
<0 <-20
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42 42
E 35 > 35
o
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7 7
0 0

Treatment

Bl-- REBARHRY O RRLF YRR LT AP - § R
() 7 = (b) L i 2 2% E (= : ppm)

PR ER LT D& FAEE 63 ATRIBEFHRSERET
u D A g 63 X8 5% et Ak AT (p<0.05) H ik Eui FERLE SP
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Btz - REBATHR - FFRAF S (B VR F)

FHTEY LT E PCROFHERI AR AP BREDLFTESE T 3 F
ROLAM2 P RER TP A FRRET R AL ST
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