T rcIR TR B R ¥
MERIFE P TRFAECAEH T BRI RHRLE X

L BRE T "iiiﬁ‘?ﬁ‘gm
»ﬁﬁg . _V_gp'af,—r L
FAREL (TFH)

3 peE WARETZTET S
RERFER  PHPARAE BRI ERFRE LN
LRAFR © R RE

LAREHPE 0 11£ 59 20 pded

112 & 4% 30 p o+

voE R 1128 5% Y



FREBERFEF T2 H2 BT

111# R

FAELRERNBET BNFR%HRL X
Bl X
o r3tdEd

nff ¢ 4
nif AR 2

R4 L 7 3

2AHRATPHAEBEE

L

(s WEs [JHv

LARE T PR S S

tigai A

(
1

- ) Ek#BL R

LR EH P HESTH o cEAPM N F T AL
BMERLAE PR &> e §ia
T

BLE

D, B R R TR B A RR A

3. F B/ RE S-H

b ZIBAFPFRARN I BB 2

% 343D W= IR GBS
Bk Te PR B/ 2 piR 2 T Lok % R4
i e

%—;@;—}3 J\r%fr%,u Fﬁg
B ’3—*“ gfgﬁgp]:fr N PRNE S-SR TR N T WP s o o
¥R #«fﬂ}f@ﬂ—l’ﬁ Tt (3-2-28°) o

o
2.3 %

E AR A e
I o

P AR N IR P

5. #7F

LR A TR PR T /A /R B

"»'f‘w‘ ’gg‘é%\: ;:‘/{ °

Bl S ]
L@ﬁiﬁi DR RS SR Y Ty
FAsre BB o PN F R
2. RMA AR L o d A E BN ES R

TR AT T A B s b TR R 5 Rk
RAATHT o i3t EF €308558
AR L P 5 AL § K S R
ezt AKivE 1¢f7ﬁ&ﬁzm}§.ipa
43 13D B = fé'

‘ﬁiﬁiioﬁﬁbﬁwu%—’“é

T SBGE TR AR B AL

ﬁjffxe‘.rr o s fmELHS P2 Pk
# “f o A-¥EOKR R X 204 IR AR
L P AP AT TEFEHR PR FT
T HARFEAL RN

frr’

=
AR

Pt 7 48

=
o

“‘sé

S R R D o d 3 B 2 4 R
TR T REHGF AR HERTR
FOALERRCBEINIEME > B
- BRI YAy By AT R
EW-5.Fr LR B SR S R
,}:}_o

RHE B &L o AIEHITE LR oL
SRS E LS LA IR E 76
2RI ES&T 2178 4, A ¥ 242
LA VHEAERNL - F > T g
oA R e U LR S LR 1 O
F I K 9A0%EE L A A o

7

‘w*@




(z)irE4xL §

LA fIr £pAE L6 gty § F (1 BAE R L L o Rk R R Ak
B R iR 5 A T A AR AT ¥ A IR KA G e T B
44.'17](**‘ wR AR P Rt o A3 HiZxaEzmwa & sRk2k 7553

FRH e R RE T KRR Ay ERFPEE TORE RIERE L R
1‘%@.% w9 o FRILUERAPFEFRIHFLEEFE
ke

2. 5 BRI AZ S —’H?'?F”f’ REEITARR EHLALR
LRtk o T RN M N TRB Y 2 A 1At F e ﬁ*;,‘%fgx}qgﬁwn E- SN TN
PRE2 > LR 8% L @0 RIEICHZ 25493 R

\-L‘t/,] éﬁiyﬁ#iﬁi}éﬁﬁ-”‘,?ﬂ
oo B ELRC BR R BRI T o

2 Cﬁ%" %7 J?]“ S TR ¢

T RO R B R B ERE

ﬁi%‘iﬁ;—’##~?ﬁﬁ’ Bl 4
Methanospirillum -~  Clostridium  ~
Sulfurospirillum % Geobacter % #t #
oo B RBIESE > ML E A B
PR EfRZE SR 0 TR
2 RB x 2L RJIEHT

(—:—)ﬁli FE R

AR AP AFL e mp |l EHEAF
Fadk s e fz’bpg ‘\;‘L% mfﬁ 7 AR @4‘5‘:56?
=% o

2.iﬁ%ﬁ%?%ﬂ%ﬂ%e%R&&%§ﬂ~éﬁiﬁ% :

SV BERFaETHED - .

S R e

4. FERNFERTIRD DR o ' N L4 e ap o adow

5x%&%%?%m%$4g&ﬁp;%%i@ﬁfi%ijiﬁiiﬁ&%%if’

i g st pr Ry 0 DU R L R
2L ?“?Z@’* M FE - R e

6. B RR T H PEMET L S % B ETR s mog 4w
m}:’ﬂ P o

R LT LT TRETT e ey
sA o o

B AEH BRI FAFL A F Y FEABRHMELARLL - AP EAG Y FE IS
WP oo PNEHN (CEEHcEY RN f o HARpERAP %E——%zr%ﬁ'ur/ﬁ /TR
FEE T B2 E R st A o

0. P FHFEPLERP RS AFEMIFT. RBrE B ¥ 2o

% r’v’m}’{ F
wE

*"%E&]F\ BN 103

MT E"l; o

e 1 A%) e

10. %= Fig Fp

10. B#% A&k e




(1)d A B

MR EIeIE P ) o

Qe if 48 765 (3 i 2. %) 92
FliE o

()F 751 R HR B PR -

(4) & H-apk 1Rl 17 e A b FAR S - A
5487 k(% 3.7° A DHC) -
IR MR F] o

Gz % ® P £ 37 ¢
Dechloromonas > & {# & 41 °

(6):2 W 1 446 41

T Rk

/\

(P o 223 BLE e TR £
B R EHR T N E A EE S R
P Lt e B EAR R R 1T 0 LA
Wl fE & fi’si"lol befs 2 ARWHEE $7 2
£

Q)AL F - EFH L kBT L
TR YA EREITT m'a»); 3

ﬁ4%i$‘ﬁ4# Eg

Z Mg E R o A KF A ES égm

AL D FAFREFRRE T
RSB RS nL IF (4§ K el P o

(3)d ¥ & BEHFnbens B Aok 25 4P
RREIFRT AR 0 RREISP
T ARz FEn g gl e

HAFH e BEFHRA 452
47,,4'\?,—1‘ ]\m/,\)‘;*]w»;{ r\*‘f;]\}g i /{5&4
oo BB R TR T 2
ArkRR R G Y RR(AFR
SR ERMEAS AMLA
B o

G)rFHBMCHmEBZA T4 2 H
KL (TR e 0 FE O e
oA AP RPN Y
”~“P1¢ﬁ¢”%ﬁ

(6) & Fjtrra; ;"Fén.",p o ARk ALY K
LR S0/ =& 3% ] %«]"”E‘ﬂ,gﬁ* ’ -F—é

W B4 SR 2 #dvfkﬁg‘,fiif'lgiﬁ
A sefin o A RS ER T
Ronad e ORI IV A3 AR

EES) N E R R LR YLy A

i ®

zE‘.f«r

OEIEEY

1. & 1.5 #7if > B % B 4Hm A LR35

B~ /E'Jﬁ{% o

RS RN T L EES = F

e

EMLRLL AP EGRL LGS

3]G rmnis f R -
?‘Tiﬁlbﬂaoﬂ\?“['é:];%_{\ 22;’ 41
f?;im’r KR R RIIE PR | ;}&

» ERPRE A& ¢ 4 pH - aﬁﬁ-)i

F23 BRI 2R o ERE p%#

%ﬁﬁﬁ%ﬁ@%¥%ﬂgﬁn’a%¢
REitwmA g BAPM E R -

vr%'\ﬁ'r %}:KF_/? ﬁm’flﬁﬂ}@#ﬂ

/}Ez)i%'L ’ %ﬂ;b%w}?z)i%w LB s 3 ",/T:—’H

.
ZRFEENG 2% o




3 RHMEREF T dERVFRGE - £E2
B 4 (TS BRI O T T AFH 2
AREIe e Ry ke iEE 2 54 kR
Fap AR T S R K KR T RIS 0

LEMLALE - porde #8R] 4
SRS & LTSRN
P AR T SR R R R B Y




FRERBERFESF T2 B2 P T RFLECRAER B EHFE%RE R
(¢ 354 EP° #2 » .
Oesvst Owiases FELATFHAHREL
111 # B Paagd | A% ey I
Ons Mg Ofv A 3 NO : A3
LA AR s IR LY L
1AFARLA PtiEEr R

X f-

I R g2 guze v Bap o . Rt B+ 2o

2. AP AR ¢ P R R R R, part R
Tn- 7?&_ k—j'ﬂ—"/i‘; e E'ﬁ;'p’uﬂg (Chap3)

3. “faﬂw?éw“*éfkfﬁi BHERAL - A H0mp L5 -

4. =X J;r'ﬁﬁp l’?r' ’%‘L %;i?ﬁ—r 71 \ N L. _

. o s N o fs Bt H TR
e B e B3 ¢ R m (el B PTR A AR R R
LIS o
Flg)o ] 7
5.3 2R GWRP > T AP REEE(HE

' \ 2§ F o
FRAFL g A p g 3 g EARAFE
) - e g

6. WP FLARP AT A FE R A0 EHERLL - AT RIH G RFS
e %ﬁﬁwprhi%mwﬁéa; W ARG E R e AR
bed (£ H AR S ke FielFZAEBLBH Y FR e
EEis) o -

7. AL LWL e A harmg |l EHEALL W RFL N maER
o EEBRFLLEEL N F RO LY RNFVEARTE? %*Kgﬁ*?
TR PR A > R R R R T * it & 3.6 54347545
(Blheid 3.6 BB PR R2ERAH) o | LERTL2IFRRREST 0 FLE

BRI v iRy o

8. e L KRNI ARG FEIH o 8 ‘“;'Tiﬁ*k?;"

0. #3%313% GSR - 0. EHEL R L L - BBk (7 GSR 0

10. 23R ARt § F B 5% o ** °

10 B‘T—i ﬁ ) #/%‘ 3 I’L;LE‘:]/’]‘ E'ﬁ'? i;‘%:i:/r'
&:iﬁéiféﬁfm$%@%°

LRz

. By RAleR o LE#L ¥

2. 23 F ERA(e B)AFTERORAFTLZ EHLALL - 2T EP RV REZFAAL
L o g B iR R R -

1 H=

lj\;L%E—iE‘J—QE"“Eﬁ/ﬁ{&/ﬁ?il F&T‘zﬁ:&ﬂa —%{"/H??/n?’ /?Jﬁﬁ_ﬁ_/r
SINESEE PSR SR R waﬁﬁﬁ@’iﬁwawiﬁmﬁl
Rk p iR F R R T RIL FT 0 FUREFR SR




FiEs N PR A Aor] B ERMETE S 2L AR
i pFIE g o Bisdliz o P HiFL25 e 5 pUA
I L P Sl SR N AR S
o , e TR -
2. AR EAAg R AR 2. BaA R ¥
tfie
LoJ M d e el 2 Aok AaZw s o h k)L E#HELTAELL - 2375 4 LRk 2
BSLAR% > @ L g ®d0 | WEHEA2LH uﬁﬁo
ERE - AR AEXR S LHE A EHEIARLL A N AFRTEFASIE
ER =T e BB r‘Cj“%‘L%*ﬂ»% |3S B TR E L
D. AP EET T E G P ARCRAIE R s RRIEEE BORARILR S AT i kA
l”éﬁﬁf B W PSS ok “,fr’v’ﬂ% ERZ AR TREBEEE
AKET G - KB A FrEd P s s @# B2 RIS 0 TE
B AP EARL LA AT ERFEA @ AHR R T R 25 R
CEERAEY 2y e BB EHETALR AP FEHu 2D i}?%l”* g
T ERTERP o Fae ﬁ?/;]‘“ EE; ST i aal ST/ W
14 ‘é“ﬁ“f,rj;& T8 7 ‘_,% L o
2R
L 23353 FEMDAF & ERGTIEE to LE#E AR R - d 2 f s kivag
TFRh kTR ﬁa TR TLRRRFEETR DR TS
P oo THALE Rz £ B Mo ToReNFALER ’an}i’i/f‘ﬁ/{/r’,s fon
K E @ _rr_/r',:‘-«'-*;f;f'tﬁ);)m - s 7
BT R E RJR R ehiE ROk R R T L
K .m\gt, Flet T R F R B
SRR SRSty
;Tfimﬂfﬂi*’%ﬁ/? FEEETRF O BB
fi’ﬁ I 3% TR R F 2 T2 iR R
T
DB TR R R 8/26 Hedh o AR H B2 BTk 826t R LIF L ot
LA Mg g B OER Acde iy S FHERE R ToRE
3.¢?@ﬂ¢f&%**@ JEEE T R
R0 AT A RIIIR (T i L kR 13 AR RIS S il A R R AR TR
(2 % 7 )Fﬁé e AR RRRN




FRERRFES (342 2 T RAREREH BT RUFRRL F

W hd Owe s h
Da&%&[}m&gﬁﬁii?ﬁﬁ%%

111 & & L (%3 (@73 )

Ops Mg [ iHFELIERE NOC

ERAE TR R R B R e T ok (B2 &)

$ERAR HFErr R

1R
L€%ﬁwﬂ*ﬂéﬁw7éﬂ§ﬁﬁ%’wkﬂﬁiﬁiioi%%@?ﬁ@*?%
Wi E A g B TR HRZIFH X2 10FH P (HFH)
RRB ARG IITH N E o PoEARRIP AL 4 TGP R

BEACT D APIEE 1 SR EARM IS
EERE APIE 2 G it kA
2 030mg/L VT AP 3 Frge
J’ﬁifé)imi 0.10 mg/L ™™ ; A1 8 4
S E AR tE D F 4R 2(0.05 mg/L)

(I,(T o
D SRR R AR B T B PR AL - B T A R R
LR R R 2 ML e e i‘g\.%;‘@%’fr 9Lﬁ%+‘//\;¥f1£’i""€f‘#«'f7]\
BRG] B ARE T ien pimpa| KPR B KD G E
¥ o AR RFOEE) HWTE SRS

SR g 2R AR P A 0 LB A
PRI TE S T B o
Me ez 2 7 P ERLZME > A &
- BB AT e
3. FM A AEST  FTRARF R T mg RaEk o Fo & A 2T
PO AR A S AR T RES A TAREFIFH BB L 1,400 F
Ao B EPFRAR SR EARD
G A R

LR =
L A3 FEUERHE TES BT RE R F o
FIWPFAAL AR T 2 RHMERADL c AR EHFAELY 5 ¢
D EBRITFL AR MBI A S F BB | FREREBRBBERAEFTZ %w’
F 2 B £t RLU #e BBy 33 e 7 cnfp $ied

oM R F] R R A N TR e
WA BEREAME 5 EFAREFDEF R
FHREE LAY TR L iR R AR




A SRR RIBAL N 2 g P .

5. BEMNTE AL 0 G AP A o

ER D AT 2R -

3. AL R AL o *@%égk%‘ﬂfm Tkt
Ak £ RIRRC PR VRS
PCE ;% b PR A R 1E_1.002 "

0.986 glom’ « f& ¥ pris %27 H £ 3 A

-
i A

kS

=L

B R R kT
A dgE BRE AT S B en
X R

N =N th‘>A§\.a-ﬂr’ r65%¢t fi%
7 & fomit kg & 0E 2T fi DNAPL 0
B % 5% BT > DNAPL 4 92 56
FEE 2% Flt o SR SR A
§o SR A AT e
10 Limin 008 53 » 30 A 3l 3% 2 0%
RizE o RARBE N 7 o A e
R A

Rt A2k -5 B3 EREFRIER

TR W I ARG o

X

T 3

1

;}'NTW‘ILﬁ 45,7”}:7‘&°

£ R =
LA RO EBH BF s e |l EHL] ¥
A RE T R G R A A2 EWMERAL B 3G ARG RS
i ¥ #4e'5# PCE~TCE~DCE 2 VC | %73 AHn i FHSLER & 84 X S
I ND- &I BFEFERAHERTE S LG
2. P11 444 W] 3.11 eflp £ 2 £ 8 3 @ FOAAP VAN X LT T
PCE~TCE~DCE 2 VC &i#"% % ND? | =I5 65%:3 &5 o faiplat & Finp i
THEIHEE TS LSRR S %G| TR ZESAFEAMIND
189 3. Rt ﬁ A0 o 19458 3.12 RLU #cie 1 7]
BEOABEENT AEREEPINLD
3. PI2 4-%8) 3020 A B2 TREE | AT E A 7 AR TORHME 2 TR
PREHE 4 3533 4 F PR aki s B D alaEmkd ol £ o SFHERY
RRF EE? F WO Y AR FEREFE N F
Rk R/
4. Eka B %ﬁméf § o A A4 BAE R R o 19 A B W s

i@ HMERHA S hE BB G (F
ALY EX P TER Le SRV

PCE #:£ 3|5 25%" 3 » Am » »>F 6 4




7 E’i‘g’fﬁ“fﬁf"’—r’ka gL fRER P 28
FI# B ed® R FER gL L& § f P e
s 7

X

(LS &2 ARPE+4 H) g™ > 4
PCE ¥ %2 3 65% > H B A SHHMFT
BA(MR)IBRTAAAFLAIET
Foo R BRI EAL )N G WA

EHELRALR - fig2 s 7okd 22 ik
BRGAD 2%+ o d A FBFL fE
G WG T & AP GRS TORAEY
R IR TR CRR TR B AY
LB RARIER S A ML o At e
/u§$é@2£%znmﬁ¢1%@ﬁ¢%y£@
% 3 4471)&)*;% F3 TR
P SR K LK E T

LT J\% °

H

J‘r’ ’ %{/” J\_\ 5
T Bz

i
?ﬁﬁﬁﬁ’?ﬁ%ﬁ

%

1L~ o fig g

A
Mg R e L FE R
BogIEL o

NEETIET
»c o F BT R ) ,&)i:m‘?ﬂ]{_{‘*ﬂx\gj
B EEELE -

2.

3.

BRI

¥ EEER IR TRFARR S A
ATIREET R > R 111 #2249 3
HRiEEz A0 .

TR RS T LY
R

- FITS :;i%g 5
R TE SRR
> fﬁa&i’u~¢+é

3.EWE R LA - HHaiEgx e

[ =

L E#E R o 2344 111 & FioR A%
Bl E - el H e RREES S
KR ZERBSLREE > TEEE
B ok 2wk (13 em/day~25 c/day 0 )% i
w (% w7 ( )/”) frpe o 4295 2 3 B
(I~6 2% 5453 Fakd 81403 T3 3 K)

UK ’)—’1#47’7#)%(&8 ARBAEE X1
b2 BT RAE TR S is RO
BloAcBEn A B2 Y BRFER B

" PR
K'f"‘ e E zC ]ﬁ%fr )“HTP_—? EE-?,:Q% °

o %5347%,""1

2z

2. RBE R AR o B3R AR Z R
Xz 1iFmp (H4EE) - £2
B¢ AL 48 B PBL S AL ARG

2o N AN Tk EH S o

S 3
5

1

CERE s EEN T ENEEE S 2




R G 0y L

J\-,*i

SR A
e

4#”%\/”\&@1’*
4 Bete A

5. FFHH BT
A (e fE

P aid
=Y °

7
T~
-!— »:F;
ﬁ,

»

e

2 \ﬁfr'fv

- EIER 1 B 440 5
Jod T R MR BT £ 4D 0 T E R AR (TN
o BB FF & o i %aE (1.0 Limin)s fit
»IRKEFRTE
8FX ZiTRB o
Bt B AL e 2 AHEHHRE - 4
LR i AR o P P
WHE ALY RheH
ﬁiﬁ‘lliﬁti#ﬁg%iﬁ'
R L4 %8 -8
KEZdl s ~EFA
¥ B4 %)Léﬁr/ér/“;l_*ﬁda 40~
BHFEHE ARFTEEILRY 2L 1
W VG IR RRNF - Bk
|~ Bt s AR FEZRLEER
:?Elf%’ﬁﬁf.gé‘r»g,;ﬁa%‘}%%bﬁo
AR LR P UpHae TAat T
54*3{" 3BVERAE 4T 58 o
Bt R ARL BN R B R ML (e
e A H)/T 6 4 )if At 4 3 %&,L,f#
PRS- AR T Ao 15 4
Fht2 T Z & A RP T
F RSP (T o

s

& 193 o~ - "'_'}/J“

4e

i i
iéﬁﬁé\ 7 IR
el 2 Fo
faEd

v

UJ

nH rmw

~ m>

gﬁi

’:fﬁr/r » T2

=9

L. P17 i?*éilﬂﬁi HEEFAr TR
s IS A HR F HEE W TR A IE K
SR T EF GBI ER  ZREAP H
ERHTRE D P AT s TOC kA 2
B IR RS A Hake TORE A
ez BB o

%‘“

2. P21 M5B AL G § F s
RO ERVEP » - EA TR R
iTh 7'1: i 2 K@:s P}% BT E’é*"g‘*ﬁ”»r;}iﬁﬂ_7

NI > MIFL A KRIEBRY 22T o

o

Lg#E fdsk e A3 F L~
FARS R TR B RS
FEHRE TR RF R
asgie ~ T HR 25231 RBR
b s GARNIRAE TG AR o 1
B KRR e o

pit 41
B

3

KT

© H \F‘t‘;"} —\}Q
=

—\

2 RBE AR L -7 Mo BaRITERE 20
aﬁi;p;ﬁiyz&ﬁ.ﬂ?ip\é % 41
¢ MR FIMSF RRRE A 0 1Y

TR ARTERY 2 kg e




FRIPAEEHAL R
fri-FR3HERS oL

’_ﬂﬁi“lﬁii z

FH g > A

ERER T 20 /“}Ez#ﬁﬁliffi ERE
HRF > § BN EEAY <F3§’}rag

TER 5N o

CRBERR L AT E R - ERNEFHTR

R BN L
‘?’g? Q | ﬁ’f}i}—/qé#- é ’,,ﬂ‘:‘;‘l' 1
Ei@grE o

ﬁ_:

rIEFE LT FRA At Lok ¥

PO SR il B G CR PR

FTL RS A B R E TR &AL T 3

3 P PR o

AFFV R rHEBlLEAARY

PR AEEHE s T ERY

Mo metkiid o 6329 217 F

Ao K RIS 66% -

A2 %#%igﬁwﬁu%ﬁ% B
' iE R %fﬂlf*‘“@‘«i’liﬁ‘ EE

PE%‘*?%I—T ¢OR

=
L)
A
Rl
>~
.
'
%

CEWMEARLAL - AP R

CEHMELEF T

QIB4AF A G F RET 63% o

CRMERAL Vo E EaA K

@ﬁ&i@ﬁ,ﬁé

7o B i
""Ff"’if ’ _l,!'f EI—]E;\XE

FRE R A A
LR R S i S
ERY 2V T
HiFEMELH©
RO & 7P 17 0 AR d B TRIT
BPRXZEBAYP AR IEE T Ro

BHPL LR 8

ﬁ,\

AVREARFTEHEEBA(L B)ER
B4 Bk e LG RTE A HR
® TCE # % » X3 A2 L4 Famy
oo BE L RFIHFEIATE B R

DL ﬁ;;;%*{’fzﬁﬁf%’*éﬂi’
AT 5 PR R oS Fp
T B E -
PF-EcEiipAE A H
ik e Pl BN RER 2
4R A6 BRARR S NGk
P ’ﬁﬁﬁ%ww%mﬁﬂ“’
B E mdt*ﬁw;;\ua4#
s #Pxfﬁi*Tfﬂ CEWE - E
AT o

+

.@3’

R R R T

2. RFERF 2o




B RAF A RS LARE S SRR 3 Rt B # wo
(RGN Ry oF & L SR
2R A PAEB I EE R B
T LI PELEEZ L B E A
Ea T

4 AP FEB L RRE T FE Y 4 Rt R R AV E NS EA BT
*o HP oo JFEILPEER S U E ek g T 85 ﬂ’LEE/p J ",’f”’ MR -F 2772
o RwaliEa) o BP0 LEARIT | grneh s R - BRI RS EA D
EEV L 2O FAT R NBF AL FRE S G

Bip2 Va2 2 p w0 B ink ik

T4 B8 HSAERAT PR
B e B A E RS EITE A
BEEEH2 BEA A k> BB H 8RR
g0 1R BB R A /r#iﬁ*r’ (S
AKRFHFR/Y 2588

mx

*EFERE

gF (7 N S L L F'

T*ﬁ#g&é%ﬁyﬁﬂﬁﬁ%ﬁﬁgﬁ
ek REAF AL

111 £ R 4R B

FAYE -

RHE AR PR ATESET e B 5 290
gmﬁ’ggﬁﬁﬁﬁﬂéﬁ%ﬁ%ﬁ%%




LEAARTRL

FREF EFREFLAFRET RREUESE) A0 3 2IRE53
Fril [(Iaa W (% «
A (IR B IR AR I
%ﬁyiﬁ ov B g LR 2 168%
Lhags [FPIT L% T AR
_ fﬁf%‘%ié Ty R B
FRAEL gy RERHE emyas
Pe |BBAZERTEABETIHEILIE TR IL 2 EER T L
L - A study of real-field remediation for chlorinated organic contaminated soils and
* | E2 groundwater by the co-solvent and electrokinetics technique
L + % A (Co-solvent) ~ % # 4 (Electrokinetics) -~ 7 i%‘ % 75 (Real-field
B 4 % [remediation) ~ 7 % 7 ¥ 4~ (Chlorinated organic) ~ ¥ # J/iti# /it v & (Single-well
velocity and flow dlrectlon meter)
pAR 111 & 5 7 20 P4z
REPR ,
IR 112 &# 4 * 30 pit
p o Email : £ 4 1 04-23323000#7481
q 3R |[EE T
FHRAF FoE changjh@cyut.edu.tw =4 1 0919968026
LHi=ErE b e Email : 5
P ¥F-# | ¥- &
* | OB K Yo 7| P
. 43 | &%
3 1. o - 615,560 | 646,520 (1~678 48 4c 2.50% % *2)
2 2. | RAERT AR 0 0 (2359 %AH)
¥ 3. EHzigye 2,665,000 1,894,402 (22% 3 %4 k)
"
- 4| BemgaMyr | 40500 | 75600 | (;iwsmmEye)
%
5, et B 24,395 19,842 1~67E 47 4e 2. 5% % 2
ATEB & 6. = ,}’{ig ;_\;'_‘P'v 334,545 | 263,636 (1~655 484 2. 10% % *2)
R &) |7 B & 0 0 (pi7L£% %)
YA B £3E(1~6E) 3,680,000 (2,900,000 |4 £ 37 © 6,580,000
$EBEIEATE) 3,680,000 (2,900,000 | 5% £ %F - 6,580,000
RAPFA (B2 53 pEF: 112.5.12




FRLRBER FEFIRI P TR RETRE
iaa»1¢ﬁ4gmﬁﬁﬁ9piﬁﬁ%¢$%§

111# B & %X 5% F»wp 24
-~ BRAIFTHR BApH112& 51 127
Lk WF%REET 12275 Y NS SNy =
mradg |lE [ & E:RS
i P%ﬁi:}i SRBIAEIR: |BEAiPFL[FA
LR LA [HamE T wtr%%—fyfmgﬁ i k2 d ey Tk
BRPFIAL]Y gk e | EIIPN
-~ R R p P
TPERTEE BEVEFAPRER P FREE R LA L B SRy
BANE P o
(- ) Fira
ﬂ1 " “::L‘%-;k PITRENN
‘ S N 5 = GRP A g R AR
Tpdc | Eode | Eak Tr %ﬁi‘é"%%}‘% 2 4)
LAP 4 (D>
(h #) (2)F 3 §im < 1 1 1 C Ik E§
2R HE S (DI T H = 1 0 1 ¢ 3 ES&T
Al R (2)[1"%?-}?
g <k
(3 4p 4 (D#izﬂﬂ*{ﬁ%
’f‘f (fa #0) Q) 7 2 1 1 1
;' 4.% ¥ (> #)
# s vage s i (DHF 3/ ¢
€ R (i)
(3)w¢aixs_
6.F7 3 sx . ((1)° B3 g
S ICE SRIPI Yt
7AE AR (DAL 4 4 4
B| (*#) Q) L
A (1) #5248 32 B 1y 2 2 2
! R (Y =273 - 15+
T
PGS SHEN
D7+ F %%
0.8 # 4%
1 b2
Grim o) [0




(=) A¥0d
PR AT s
7 - L LS éﬂ?}é;i
2= 21 N N N N : . & Fle L 0
Wl | Egc | S BAF s
#)
L lEm
PR/
/B >
AsE|LL A e
MAR| (Fi) o [F
AT/
4 L 2L
v ¥
it #ic
2R BT |24 £ (F )
R I PR TR
(+ )
i i
3HMHE |34 b 2)
Beg| (1) eaqze
Hit (F~)
# i e
AFHER I 3 (5 2)
™ #8003 11 5 &
(# #)
/FIS: /;J__
sopm | (" i) 1 1 !
é_#:}imﬁ (2)‘»’%%—//3
(i ¥)
gon Y
6. g e |HE ! ! 1 VA
! & %
£F(HF )
C m
igm| o |°E
e 7.8 T BE L
(¢ #)
&
g dmg |
sppt  ERETEE
(H )
9.8 # 47 &
Gipes




(z) ¥

5D ¢ E%‘“?FI ) I % ﬁéi-%vféi-ﬁ CLECTY
FHc | EAdk | Eas | EAF | Afde e
#)
:zﬁﬁ;
1. B PR 73
A‘ FpTPR A2 For (F 7)
PRF%
TR Loz mar s
T~ (HF )
FR (2 3)
s (2)ix %
Cc WIS R A (%)
(5.8 &' 14(%) 40 0 40
% E [o.4 2 it moet (%)

ErE

. 3z
GFi = & £) Gre %)

=N
48
PrRY
i
;\s
[k
4

R EME A G KR R S
E:

HArFafiadz g o (200% 5 %)

Eie rRp R E IR FEE AR THELZIR

AFHEFEL SR T ANEREAPMEHEEIERED ] i’%%%ﬁ Y RT4TRL

FrARZ2UBAER R 7 BT & 0T o

é%ﬁwﬁﬁpﬁé¥‘éﬁiﬂ~mdﬁMﬁﬁ& o )

AVEARELIECTHEAEFRNIE  IREFE BN P REAF LT AR
ST

RSB (I Einh * R BT 4#%@1’»7 #2 o~ A RERAFCSEREFIRE S
AP - FRPRIARZBRATL Y

AV EFESIBEZERAXEZ TP TR PRI B S T B (BRI Rk
E AP RITE )R G EEE KA B
40%r2 F 2 L o

EEICR RN RAFLEIR S FHTEMRY




N P
e TR &AL i s TREAR THEAR 2 Teppa | 8
K2 BB A WY o

, , AAFTEREENEEZER
y 7 7 i g | O g = TR
¥z PRSI/ & 41 BRAL FHE TR 2 Wi
. 3ERHERR T .
P E) . il | 11E sy
N e KR ORELCFEAET AT
RE AR Pk e ~112 # 4%
St AL B o AATRTER S AP FER | 111 & 50
f» 2 - 5T e . /\;—-
R Ly AT i R B2 4 Wi 2 w2t 2R ~112 & 47
i n s e SR I S o ATk iR B P EE R 111 & 57
= =g e TR ez g4 9o ma sl 110 a4
ZHETRER i 4%’%#&»? TAXRA R | 111 # 50
Fﬁ/‘*%’—?&] ST A ﬁlri)l‘;;w 2z \| &
e e R RERFNF A 15 240
Cga TR R L] F ek
., L e |3 FE 2 %B HEGLR Y 2 111 & 5°
AEE | e e |k RS AT |
4 BB ARE SApaTe g1 i ~112 £47
- PHARELE/ BEHR T FEKRR - KA ,
L ET R R T TR =8 107
PHRH S R~ B ARRR S B |
F FiE b 5 A L T 1 s AR Ra0F HI = 8~107
) I WA Bk B |
Wi E |y g e i SN 11 #8~10*
| B WAL R g A |
LT R T e N X TR 8- 107
| B g HRALE R AR R] > B A |
*#T?—TE BB ﬁ_r_bti?,, % T 1 SR = S S S N 3 11 #8-~107
I WA Bk B |
L3y iﬁi’ﬁlﬁ;‘?_ﬁ?sﬁﬂ;‘» TepF 1 ﬁ,‘f;;’(é%—iﬁﬁlf% 111 # 8~ 107"




SRR

BEHR G FERR - KA

7~ f%f{v‘%‘;i‘lf’v

& FpE Iﬁﬁlﬁif?g} T&?’F&—l SNl %—i_‘l_ it 111 # 8~ 10"
ﬂ L G SRS 3 LI = X I
5k & A% &fﬁlﬁ_‘?_ﬁ"ﬁg,f TepF 1 *%‘f«};’qv‘%—éﬁlf% 111 # 8~ 107"
| pmpses S TR =
ARG Ipgimpedm | WFD e g2 0r 111 # 8~107
T ) SR R A
Ry @ Iﬁﬁ,lﬁi—"f’?gﬂ‘ TR 1 111 # 8~ 10"

7 AERTREN 2

LERGEFEAER L FRFE I ER AR EB Y

o TR i
Lp &4 -
2.4 4 ]
3K AR
4.8 % Tk Gire &

GFp 7320




LR 2023250 160 7 £ 06:45 é



FL AR 2R
S LT L ﬁ—w@@ﬁé%wﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁwTﬁc
IS, }a’} :?;Jffi" sbﬁé{’m I D 4/@11“_&_ ;P —,‘:/7/‘;“’:‘?‘(5 ﬁ?)/ R
ToRP O RAE TOREN AW AR ERY O KRB FT 44#?@
£

A
AAFLEE BT ORL G B s KRR
53

HIRE A G WP i RREIRNGES BRI RPN R B TR 2B
B0 Jhd BT R R TG

FETRFTEBERME IR AL 2 AP RERGE GBS BBRS
Adruh ey TR R & BRE FIRE R F P TR ERE 2 AR AR S

DL i - PREFDIEEI B T RELHE R S5 - EFAFHEEE
ivfs o w & v kR © L0254 mg/L~2.15 mg/L "% % 0.006 mg/L T > = F ¢
kR €0.032 mg/L~0.175 mg/L ¥ 3 ND> = § 2 %2 § e kR e MW E
B PR bR IFRH G AP ER AT L O G o B A RS HEEE S
FARYEieay okl

AERS - EFTFEFF LG S FR P B LSRG R aJE

Sl =
;/rf_‘ﬁ‘g'ﬁ—i#%"‘]\ #Blﬁﬂi‘%\'% f%;;\k@]}]\i%}‘#'r’]‘@ji
HE R Y FBBAERS I EFLFHNEIREY T EFT Y - & EL
Ja

2 FInE AR RR B SRR E S RS

Fd R BT ORDRJIEATE R AR B T S BCR AL o B fS 0 RS At

FrenfEiionk 2 T AL T RIS E Y o
AIERHRFERTEIREFPFEF FER éﬁﬁiﬁﬁﬁ’

£ET¢ﬁW%ﬁA%‘ﬁw— ERIFKE SRk ‘

ko~ H O o e 20 BEP A BR LRI 2% § &5 R

i T BT P o %éﬁ% R T AT

@ A FIEFHY S iiw BB EAH S RTHAER B R RIT R E 2 -
LR -3 R R AR RS - SR WA

° i%ﬂ%7¢¢?533ﬁ%#%§” FHEOIIRETEARTE A
BRI ISR oD - SRESE S JTE

@ AERFABHISY AS~A8 2 B5~B8 54 5 A6 B BT 5 ER
M EAIRE B ARSIV ORISR TR E TR

® - ERFLY Al~A4 %2 BI~B4 ¢ Fipxn s o RFAERBITE LY B
FERALZ A2ER LB RS- BPFFE T 3230007 ¢ 4
R w A A A .

® ArE S ABHz TR MWOIMWO09 /5 LA XA e B L3, 0

4
ot
ek
I+
o5
g
W
&}
kS
d&

(]
e
5
)M—



SN Z RIS P g E R

¥

PSR ifar ) A MR AER S F AP ERE D 90% -

o
AREF PHERFTEHFEHFILTTEI R 2D o

® TRCKAIIRERIL{E o Toke F B RARMK282mg/L 2 ND; = § ¢
)k R4 1.83 mg/L ¥ 2 ND; "§-1,2-= % ¢ %k & /& 1.66 mg/L " 1 ND -
BT A BK ROL B i F st e T ORI (TR R 0 R IR 1 82 R
B0 F T TR ERGD R

® S AP EAptRIF T AFREIL I ZHITT o B TR g g F

HELTHEAR)VE LS 2 RE

E

;ﬁf{:}#ﬂ#ﬂiﬁl:} &F‘Tﬂ\ﬁ /r-—./z‘(+ %
I 2 ﬁfr/rﬁl+‘“"°

+ ~

).k



Frakm i

The first year program has been successfully adopted a single-well velocity flow
vector measurement technique to obtain a detailed groundwater flow field in the site,
which is beneficial to grasp the location of possible residual chlorinated solvent
pollution sources; co-solvent (ethanol) is added to groundwater to improve
groundwater’s dissolved capacity to chlorinated organic matter The co-solvent ethanol
can also produce a biological reaction to degrade chlorinated organic matter; finally,
the electro-osmotic flow promotes the movement of the dissolved phase pollutants in
the soil and groundwater layer, and the groundwater pumping can effectively remove
the soil and groundwater with chlorine organics. In addition, low-concentration
chlorinated organics can degrade chlorinated organics through biological reactions
generated by co-solvents and electrodynamic methods. Final, to make the groundwater
quality of contaminated sites meet national control standards. The pumped
groundwater is treated by the wastewater treatment facility and then returned to anodes.
After the remediation of the model test and hot spot of the contaminated site, the
concentration of PCE from 0.254 mg/L~ 2.15 mg/L has dropped below 0.006 mg/L,
while TCE has decreased from 0.032 mg/L~0.175 mg/L has reduced to ND, the
concentration of dichloroethylene and vinyl chloride is lower than the monitoring
standard. The pollutant concentration has not rebound after the operation is stopped,
which shows the effectiveness of this remediation technology for the remediation of
chlorine-containing pollutants. It can be returned to the injection well (anode end) to
achieve the goal of groundwater circulation, which proves the feasibility of the design
of this remediation method.

The second year's research plan will continue to use fast, accurate,
multi-functional, and highly economical treatment technology to remediate the
groundwater containing chlorine pollutants in the whole site. It is believed that the
research results can be used as domestic soil in the future. and an important reference
for groundwater treatment technology. Through the re-drilling of the polluted site in
the second year, and the continuous monitoring of the remediation wells after the first
year of remediation, the scope of remediation was expanded to clarify the treatment

efficiency of this integrated technology in treating the soil and groundwater



contaminated by chlorinated organic compounds in the full site. The operating
parameters, such as the scope of remediation, the efficacy of ethanol injection, the
impact of various electrochemical reactions generated by electrokinetics on
groundwater, the treatment efficiency of the electrocatalytic technique, and the control
of operation time have been studied. Finally, to discuss under this integrated
technology the remediation efficiency of the full field and the remediation cost
required to evaluate the integration technology. In view of the foregoing arguments,
the research objectives of this project include:

This experiment of this project is carried out in accordance with the schedule of
the plan. At present, the analysis of the physical and chemical characteristics of soil
and groundwater, the setting of remediation wells and monitoring wells, the
installation of ethanol co-solvent and electrokinetics technique equipment, flow rate
and flow direction of a single well have been completed, soil texture survey, treatment
effectiveness of wastewater treatment facilities, and chlorine-containing pollutant
remediation operations. Until now, the results of the report can be summarized as

follows:

® This plan has established a complete in-situ remediation system of chlorinated
organics in soil and groundwater through single well flow velocity measurement,
co-solvent, electrokinetics method and wastewater treatment facilities.

® The groundwater quality and concentration of chlorine-containing pollutants at
this contaminated site have been mastered, and the survey of soil texture has also
been completed, which can be used as a basis for discussion on the remediation of
chlorine-containing pollutants.

® The concentration of chlorine-containing pollutants in wells A5~A8 and B5-B8 of
the contaminated site remediation has been lower than the control standard after 6
months of remediation, which shows that the remediation method of this plan can
effectively treat chlorine-containing pollutants in groundwater.

® Remediation wells A1~A4 and B1~B4 have been remediated in the last year, but
the concentration of A1 and A2 increased due to the sinking process of the new
remediation well this year, but fell below the regulations after a period of time,
and there was no subsequent concentration rebound situation occurs.

® Most of the pollution concentrations of monitoring wells MW01~MWO09 in the

polluted sites have complied with the regulations, and only a small number of
monitoring wells are still higher than the control standards.



According to the remediation performance, this plan has reduced the
concentration of chlorine-containing pollutants in the entire polluted site to about
90%, and only a few areas will need continuous remediation in the future to
achieve complete treatment.

After being treated by wastewater treatment equipment, the concentration of PCE
in groundwater decreased from 2.82 mg/L to N.D; the concentration of TCE
decreased from 1.83 mg/L to N.D; the concentration of cis-1,2-DCE decreased
from 1.66 mg/L to N.D. It shows that the wastewater treatment facility can
effectively degrade the pumped groundwater, make the returned water meet the
legal standards, and achieve the goal of groundwater circulation.

Through the detection of microbial colonies and bacterial phases, it is known that
under the operation of the remediation method on this site, there are still many
microbial species in the groundwater body, which shows that this remediation
method (co-solvent combined with the electrokinetics method) is a green and
environmentally friendly remediation technology.
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Removal efficiency (%)

Removal efficiency (%)
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118 cm/day ; & Bl¥ MWO09 *F & 4.5 == 5 36 cm/day ~ iF& 7.5 =% 5 49
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MWO08 22 MW09 2 4 $ i (A5~A7 2 B5~BR)2# &+ v » i 1
E IS5 AFREAAH KEEAIF AT IS 2 EEAA - B 312 2 £
34 58n A v 2 EE TASEARE B RE N0 A ERE T
P EI 152 A RMRCEREZL ¢ F-kiF ~BEZIPHR # 41

45 &R o R R B LA 0 AT A4S SR T AL SR
Fd g WF U e A5 BS5- A6~ A8 2 B8 LARE I A H 2R
FRFLE S BHRE AL AR REHR

1.5-3.0m 3.0-4.5m 4.5~6.0 m 6.0~7.5 m

W 3.12 H-nk 2 3 FAFER
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%34 St EP FTRIES

R A5 B5 A6 B6 A7 B7 A8 B8 | MWO08 | MWO09
O~15m | BF | %% | %7 | %% |2 | #BF |3 | B2 w3 w2
1.5~3.0m | 2 | w2 | B2 [ 51 | B3 | B3 | F£2 | 32 P} A4
3.0~45m | 22 | A2 | A2 | RR2 | AR | AR2 | RR2 | ARZ A2 3
45~60m | A2 | A2 | A2 | B2 | B2 | B3 | AR2 | ARZ w2 w2
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Fa-kFE2E5482

A E N H RS AT 111 E 8 7 £ 4D FHEH P TH EsE (A1~AS
2 BI~B8)% £ ip|¥ (MWOI~MWO09)i& {73 T -k AR B4t a4 » # 2 32 pH
E~RER BFZFCRRTEE A 35S BREE TRk pH BEHA
3 6.18~7.48 » T WA X A3 179~ 922 pS/em 2o B 0 B T oRA 5 43 1.4~3.62
mg/L > ¥ T -k ORP B 4 *t-136~253 mV o

%35 AFRFILIE ERE W TRFERES-111 £ 87

FH % Al A2 A3 A4 A5 A6 A7
FHp Y 8/12 8/12 8/12 8/12 8/12 8/12 8/12
¥Rl P ¥ H £RlE%
pH - 6.99 7.17 7.24 6.18 6.87 7.05 6.84
® e R uSem) | - 589 686 443 922 721 425 518
% % (mg/L) - 1.4 1.63 1.45 1.82 2.0 2.56 1.81
ORP(mV -83 -136 -82 -39 65 253 235
2 oSt A8 Bl B2 B3 B4 B5 B6
FHEP P 8/12 8/12 8/12 8/12 8/12 8/12 8/12
iRl P ¥ 41 ERE%
pH - 6.84 7.34 7.32 7.39 7.48 6.76 7.32
$ 2 E@S/em) | - 722 381 386 338 352 568 335
i% % (mg/L) - 3.4 2.29 3.62 1.88 2.88 2.84 3.5
ORP(mV) 65 -58 -126 -106 247 211 249
B hE B7 B8 | MWOI | MWO02 | MWO03 | MW04 | MWO05
FE P 8/12 8/12 8/12 8/12 8/12 8/12 8/12
& iR|7E P ¥ #1 ERE%
pH - 6.87 6.87 6.69 6.66 7.0 6.95 7.01
3L E@S/em) | - 483 506 447 306 674 649 842
i% ¥ (mg/L) - 3.16 3.28 2.43 2.98 3.36 3.03 2.69
ORP(mV 225 29 56 57 7.9 -99 35
B hE MWO06 | MW07 | MWO08 | MW09
PP 8/12 8/12 8/12 8/12
¥ iRI3E B ¥ #1 ERE%
pH - 6.67 6.82 6.78 6.85
7 ARWS/m) | - 179 682 762 597
i% % (mg/L) - 2.46 1.86 2.1 2.69
ORP(mV) 62.3 65 35 101
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2365111 88" AFRB T RFEFAFBALERIL
b’fﬁ
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LR TR B S R SR T R SR N

1. =& 2%

T IS ABRATR E s ¥ A5~A8 2 B5~B8 kA % T E
i > 43 0.14~1.50mg/L 2 & > Bior Fitsa? Fig s pae e
ABFAFRET SARFLAHATE VAT BE2L AI~A2 2 B1~B2 FIAS
WAABRT B APICOERTIRAY BV ERREZ FARE 1
A3~A4 2 B3~B4 FEip# - EEEIST 0 SRR S R MpTE K
ERF 0 MWOS 2 & 2 kR 5 Bd 0 kARE 282mg/ll -

2. =&

BOTORZ O O HINA AT B KIS # AS~AS 2 B5~BR LR & 0 F 4
R JER A2 0.28~1.46 mg/L 2. B 5 R ¥ MWOI~MWO09 = § ¢ % ik
B 130 0.006~1.83 mg/L 2 &F > mERF MWOS % - e 3 ¢ ‘\TWFBPF“ ’
AT RY Py 2 T REP DL TR

3. "E-1,2-- F ¢ {fﬁ

N X N S S %&;{ ¥ A5+~ A8 % B5ER
%t # 41428070 mg/L) © A6 ~ B6 2 B7 ik Ez ® 0 ERIHEF(0.35 mg/lL) -
DR AT 0.22~1.52 mg/L 2 B 5 EplE 2R MWOS k& 5 B 0 4B
¥ #H#0.70mg/L) » H)E AR % 1.66 mg/L -



236 T KT BIRRASE-111 58

B %E Al A2 A3 A4 A5 A6 A7
FEp Y 826 | 826 | 826 | 826 | 826 | 826 | 826
weEe | 27 | BE R %
=g 035070 | MEE | OB [ 0005 [ 0.008 | B | 042 | 025
&2 (0025005 ND | 0034 | ND | ND | 26 | 068 | OEE |
wxed (0025005 | BI0HE | B | ND | ooos | EE | OB | 0NN |
B2 %% A8 Bl B2 B3 B4 B5 B6
FHEP P 826 | 826 | 826 | 826 | 826 | 826 | 826
BRlEe | ERl wWRLE %
= &e% 035 [ 070 | [ 022 | 0.12
%25 0025005 | DBE | DM@ | oo01 | 0.02
w ke 0.025 B8 | BB | o004 | o001
P B7 BS | MWOI | MW02 | MW03 | MW04 | MWO05
FEp Y 826 | 826 | 826 | 826 | 826 | 826 | 826
RIS P <Rl Bl 5%
g-= ke | 0351070 | 045 | 022 | MEE | 041 | 033 0.11
z&e% 0.025] 005 | DIEE 0.36 0.48 0.26 0.06 0.45
eged 00250005 | G0 | DM | OBO OB | DO OB | o0.03
FH %E MWO06 | MW07 | MWO08 | MW09
BEP Y 826 | 826 | 826 | 8/26
weEe | 27 | BE & R% %
= % ¢ % | 035 | 0.70 | ND ND | B | o022
=54 [0025]005| ND | Np | I | OO
wiey [0025]005 ] 0006 | ND | BEE | DB

MDL : 0.005 mg/L; ND : <0.005 mg/L
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B REdZRS T F 2R e B IR ER ZE AP E TR BRI TES
Bbd TR DK RIEEE TT G RIL 0 Y JJR T T R B iR
HEIFRDD

B 3.13(a) 5 & B2 MWOS 3 ™ -k T Ak AJE K % AJZ> % - R # # pH
B2 %1 o AZu MWOS # Tk pH B4 455 5 6.79 » £ % L 4B% 5 3L » MWOS
BToRGEN F - W RORH SRS D pHTA9 2 (S K Z WA hoEE P4£$h
fo i 16 AT AR 0 B pH B 5 8610 4% MWOS ¥ T ki » § = 3 %
TR MPERFTIE 2 pH EH B85 L 45T B 3.13(b) 5 £ Rl MW%%TL
PERBKRIEE G T S S R ET R EZ R o AFa MWOS ¥ Tk
pH E4= 424 5 390 pS/em > &% 1 # 4w § MWOS 3 T kit » % - R F 1 >
E TR EEBTE > K 456 pS/em "5 T X 304 uS/em B A hn B ARIT 0 2 H B
HOETRB T ERIFRT

Bl 3.14(a) = EB1¥ MWOS 3 ™ kb T K edT 3 ¥ ed2 3 % - H)
§2 %1 o Ay MWOS # T -k pH ®4-454 % 0.77 mg/L » i& »
BAFEFRCPFTEFT YA 535 88360 21 607 mgLe Hi
Wz AR PRF BERE TR A EERS P 5 ﬁAMIﬁQ’@
miEdE S 14mg/L VRIS E AL ER o @3M®nf # MWOS
Tk dh DK ARSEK %&ﬂ“%—ﬁﬁﬁﬁﬁ“§@ECL%W°$%ﬁMW%
BTk EFCBRR CAAES S 4TmV e HE LTy MWOS B T ok N R =
RRFIHET BRI EHEE 23266 MV §F P BRT L FHAE S RF
HRBRFRZ3F B FTERNEEF - BB HWANF P RAT AT 2 F AR
RiAES -
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ARFRRET
* TR ERE MWOS & TR E fdh 3B G 2 BOK R RS BLE
FEE2ZRKAIELR G2 F 5L P2 BIL N2 IF L (S ki
Bieshz %% tkdy o B 3.15 2 B 3.16 5 B2 MWO8 + T R4 T Bk dZ K ¥
EARPLERR - FRE MWOB # T-kL s F e ZFefie
FAadek R W 5 1.66 mg/L ~ 1.83 mg/L % 2.82 mg/L - j&J®] 3.15 % ] 3.16 #
PGP RRER ) § MWOB 3 TR S - AR e g kR
0.309 mg/L » 5d 1.5 ] pdfivis > JER T 1 0138 mg/L; 2 {64 T kit
HRF S e F e FIRAREH A R B YRFYER D FIRFIER
AR TORENRF RS ERERE ,ﬁri—i’x\z'?]i;,gmrji% R
‘*""“?ﬁ'lfuéﬁﬂl FOFIRRESTEIARNTE > ER 5 0.016 mg/L q_ri ¥ =
R F i m%bThk)ib“iﬁip_/?’fﬂ—?”'f(OO%mg/L) =T
AR e S - RHRBFHFAANDERST > BRI RFLIRE > ¥ /}E)iﬁ [R5
PHRE F 2 S B 32 ST e e Toke F kRS D NDo

BERZ &R REETHER B RKRIZEA W2 3 sk R # &
TECHFARSARE NS ORI E S HRARZE CFRAAT L
A R FRTERERES T IARNRL T RAE T
ND e 3 30ME-= & o k& > 530 % - 3 Rk k& % >0 E RI1HRH(0.35 mg/L)
B gy Mot ERARE - PR IF 5 ND o 85 T i infh 2 8- & ¢ %

""\'\‘T 1
Iy

Y

CEerrF o FRRW N G0 AP ARL L AKATER ST MR kR § 4
BFAFED TR ﬂ}uT’fkiwé W o (AT AR D2 B T kg
;i j\'\é‘l% _BFi ﬁ;i\ }\ 35 @T‘! s ¥ %I/n }\P /)I‘L,L F%’Fﬁ«ﬁ.{,ﬂ‘i 7:| ; I%mg *ﬂ °
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322 B4 FH ToRES S

Hd MWOS ¥ T K4 & AFhbR B 2 BUK RJT R % RIS R 0 K I K
HE RS ATHBER T E AL 2R TR REFEFBERTL RS
(AS5~A8 2 B5~B8 E /o2 )EEin e A A ) TP FSLFER  BRRA
PEIBRARE THA E2 LN AEF K AH e A 111 £ 10/19 2 12/16
Ao o A wAY AS~AR L EH xR R 50%2 2 R 100 22 BRFRFTHA R
56%#;%?’?’ ME A F’“Hi%‘i 6/ PFen™ Vit (T o T R TR H B TR Z Aok

FOALPERZE J\F it oo

3.22.1 FHFHP TRRFRN

B 3.17 2 B 3.18 Z 23 FFin1 2 o™ 0 FIRAES F T EF(AS~A8 2
B5~B8 Jrin # )3 ToRAE L (BRI Z $0% £ (B 1R4)pH B2 % 1 ABE TR
5 111/8/12 % 112/2/24@5&5 A5~A8 2 B5~B8 A5 # 2 # T ok pH E4v 459
5 6.87~7.32 2 B o j¢UB 317 R 1-ARF B R L F chpH B AL SRR E
BIg,H 3 ;gr];g\ KBRS AT fS 2 ok R G LY 5 @ (918 2 pH
EF AR R - bR AR T E S BIST pH E X 42 6.54~7.20
ZRE O ECT e AT P RELR BT e iR ARG AT Age TRk pH
B AP ELE - B 318 2 4 Mfﬁ pH B2 i » Fisa &3 gt 2 afiiw > i
BHR S RE S LJRE T O BARAFA D L F RS TS A O G REFEINE
,;g_ygﬁ,;_wﬁéﬁg, Koo RE B TRk pH B it g A o A 111 & 11 7 ts pH @i

B3 AE %> B 18 pH .5 4 > 6.78~7.05 -

Bl 3.19 2 B 320 2 A B 1 20T > BIERS 4 R B (AS~AS %
B5~B8 Fin#)# ToRIAEH (KRR 5 (BT FR2Z AR o A3
At A5~A8 2 B5~B8 #in¥ 2 4 TR T ER A4 5 483 pS/em~722 uS/em 2
Foig TR %&*6%*%€%m?®*ﬁm1%m’%fk KR

MW CARR R R AL RFS RO pH BT BinBTERN A
527 pS/em~726 pS/em 2 ¥ o B 3.20 5 3 uf BT m;a;; it Tk AR
G p s Tk TERR ARG RO Fn i T ER N A0 489 uS/em~T735

uS/cm z_ & o
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LA R R S S A A 2 B Tk

B 321 2 B 322 FAFEEILIEELT 0 3RS H(AS-AS 2
B&%ﬁar)%fkaé(ﬁﬁ B)E FoE S (BARA)ZF 2 %1 - Ay
A5~A8 % B5~B8 £/ 2 TR F EA 408 5 1.81 mg/L~3.50 mg/L 2. & o 3
LR BARERREA FELTRRIES TR PR NEILAIB
BRI TE 2 UEESER P2 i o HA R 064 HIFT > g
gL 3F F AP P Flik LR A FRE T RS PRy EHF 0 SH
o B TR F EK A 2.83 mg/L~4.1 mg/L o AT EE G A 4 et 2 ABE o
raﬁﬂmzﬁ%f;mi%ﬂﬂhpMawﬁmﬁﬁ%ﬂﬁ%*IOm%ﬂW
mg/Lz B>l P A% L ABSG RS T k23 F 5 430 1.94 mg/L~3.33
mg/L I“?Iﬁ?f{;p%”ﬁP e [f] o

Bl 3.23 2B 324 S A3 FFic1ZFieT 0 BRSPS 4 R F(AS~AS 2
B5~B8 ffip )b TR ES (i) 2 ik H (i) ¥ P RRT 2 R4
oo KIBF T AFp AS~A8 2 BS~B8 EinH 2 b Tk MBR T ARG
29mV ~252mV: B T kil o B 3.23 Liigd %TLiﬂﬁ@mWi%ﬁ’
TR FIR o A ADE PR RT A T
PT{&m%W’niﬁﬂaﬁviﬁF*%J%éi%?iﬁ@{%ﬁiﬂﬁ
RE R R Fle AFOER II1 & 110 215> F CBRT =80 AT
&M/V$45mV85mVo@324;$ﬂ$—b“‘ FOBRRT 2 AR f
BHFR > AT ERFICI2RET o 2 BTk P RRT G YT AR
oo BB 1L & 117 2 (8 AR R R0 35-50 mV~-200 mV 2 FF 8 it o i
St g TR PR RT EA0-109 mV~-148 mV 0 fiGn e R IE b
LR GRRT )
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A7
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Methanospirillum (13.63%)
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unclassified (12.38%)

Methanobacterium(12.58%)
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Geobacter(9.54%)

unclassified (7.73%) Geobacter(6.41%) unclassified (4.85%)
Sulfurospirillum (7.14%) unclassified (4.67%) unclassified (4.32%)
Clostridium (5.89%) Xanthobacter (5.47) unclassified (3%)
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