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o

# E UEAREEEAEE S A FKEEEARH, DEIEERA . BANEEm, HilzEARE
SR KT e P SEBR N R GIAF e 2 B, FOBOR RARMIBLSI R . LU AL B A A Ak 22 A hidUs 1y
ARG Y b O BT 4, NSEPR TREZ B0 AR, WL b S b 3 5 2 4F P9 A9 S 2R 310 & W 19 [ fie
OMWAR, W AFEEERGE TG HRZREE S HEERNE . SR ER, & 727dMARE
Wk, 1,2- IR 1 4- R A SRR X L 2R A X R R i R R A T 90% . RUAEUR AL IX ML R K 1,2-
ST 1,4- G 2K 0 — B A At 80 8 043 901 29.0.005 2 d 7Y (R?=0.857) 1 0.006 0 d ™! (R>=0.967) ; b #EALIX My T 7k i
TGP R TR 416 d S LRI, SRS — B s A o 4B 16S rRNA (1 il i 0 M 6 11, 5L AUR 3 i IR
PR CAE T MR K P AN BT A, AE AR R P A R B A5 BT E . MRBEIR - S ORP il pH {H
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PR G fREEAS . AW n] AR RIS Y T KB TR A4 (0 = RS IR I 5%
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ARLGIACE YRGB 2y 25T A T2 W H 0 R AT BLEE R, 2 A i
fy i EAR, C 23R E A T 5 E W 05 Gy 2 — U2 GRS WA S SR () 3 5 R K A
& (Dense Non-Aqueous Phase Liquids,» DNAPLs) , #F A+ K N/KJG, S EHEIERH T MIEEH
TAKIERIF ZRC LR, i, MEREME, FIE 1990 48, EOR . 12-TFR . 14-
TR RN EAR T IR B A A K L S TS et

B FrEr % b T K h @R TS e i B B 7 A s AR R R L LR R R AR
B H AR WA R AR B R R BB B EOR TS Yedth K& H M EOR , H b G 46 $O A i
fREh . Wk B T s A R R 5L DR AL SRR & o AR R A R AR A A, B
ZAAREAEARERT Y, H, 8T RIRME R AR KA, XA R R g =
¥ H #X 9l (monitored natural attenuation, MNA) 45 AR 5 HALB E HARBES#H ., MNA J&—
FBCAS I« X MR PRI B /N B Sh B S H R, 258 o R b e i B A W R AR L R REAE
W BEAE 78 & AR RN Ak 2 Sy AR TS e i A7 2 BP0

K E RIS B MG SR BN, 1990 4EH R K& &2 L6 MNA /YR KT 10%,
1995 4234 K 28 30% A2 A7, 2012 2 2014 459 £ R (9 B2 F A F — 20 19 2= 33%, 2015 & 2017 4

Kis BHA: 2023-03-21; RAHHA: 2023-07-19
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MNA 5 R 20%, 2018 2 2020 4F MNA 5 H R 319" 5 50T /A X5 Tk 5 Ye 37 4 2012 4F &
2016 AF WS T b I 1,2,4- = SRS 54k, WAL HR R T B Dehalococcoides F Dehalobacter 31 %
IR ARAILRIU VLI B4 T3 Hh 2016 4F 2 2021 4F W5 T 3 b N AR Y F AR 08, #8078 TI5 549
) B 25 R AE RIS [R] DX U0 0 7 266 4 A8 Ak BRI 29 PR 2R 1 B P B AR AR A0 e e, W s (1] 52
L, NHZEGRA, BZHTERE . Al KRRYT5 Y 05 Ge 9 i vk B AR A i i U g
XA T YL b e AR AL S S m &, B ETF R IEAE A2 H .

ARG UL g T A T Ge b e 52 vp il T RESS S 2 4F Y 1 AR S 08 W I Sk ik, DS ] £
A, R 1L2-2ER D L4A-TEOR DR E0R o 3l o R BRIk 2 e bR 0928 4 e H S B
AR T B OC R, XT AN [ B [E) b R /K 40 B8 2 A, 3R b AT RRAEFE 19 3 2R S Dl AL A A
AR YRR S5 AR AL Y IR B 52 R 2R

1 MRS
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FUZY N 16 500 m?, 3% M B fb T4 ll A= 77 i b N ,::gg«‘ .
K3k 20 4F, 2009 4FJSUTHGE . HRBR, 5 HibR @ K o
R 22 09 SR T K 35 SR L 3R 4 A 3 w2
MR IEAL, T KI5 g™, FEIS YN
12- 50K L LA-TRUR, R T i
23 591 5 41 300 F1 9 050 pg-L™" (W2 Hb R 7K W il Wi
M) AL (R K B REARAE ) (GBI/T 14848- 2
2017) IV ZRFRAERY, 12- 75K | 14- 8- b
K AR AR AT ) R 20.65 F5 F1 15.08 4% R RRXRIKKIKEKS ———
FH kriging f {812 2 1 09 # T oK 75 Ge4 0
LA T, 11

S B2 AN 3R 4k A (R 2 5 e
15m) \ Wt (R 1.2m) KR+ (% Tk e
FEZ710.0 m) . JRVEBTAL L (JBEEZ) 3.8 m) . Al 0 125 25 375 50 gﬂiﬂﬁfmw

. m 1

+ CRZE) , MW KBEKOMIEE N 0.6~1.3 m,

Uil H AL R, K SR 20 0.6%. BF T D 1 A5G T ok s 53 A
XA K KA — i R AEAERAE 11 HE R Fig. 1 Groundwater monitoring well distribution

map of this study site
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i — k6 AE S A, MRBEFEAKEHE T,
P T 7K i AR 25 Y ) i R R A I A X R AT R A S R R, W A AR R A 1,2-
TR VAR (WL W D T VR R 430 R 1350 R 497 pg LY I ARALRE 0 o i a AR T
D1 il 3 B9 R A A4S Y, RABWILIETT 10d, Fafkgh domt W R oK Wil S i 1,2- K
1,4- G R ORI BE 23900 354 1 148 pg L',
PEPE 1,2- TR | 1LA- TR TS YL IR VR B e 1 X T 2021 4F 12 H ORI R B A Ak 2 A Ak
B (W2 e 1,2- 50K L 14 E R R R R W B 43l o 9.1, 413 mg-L™) , TEZS5FIE A M
Z1IEAT 700 L 3% (4 -E /K B IR I 2k %5 W A1 1 400 L 10% MOt BRFRAMVA MR o Thislis 1745 oI W2 #
AU A 1,2- 508 | 1, 4-ZSUOR BT MR B 4001l 12425 13 015 pg' L'
12 WTRKkERRE
PP RAT A RE M K GO0 R) . 55290 K. 2 416 K. 55 529 K. 5 652 K, 4
727 K43 HIHE W1 HT W2 3o R K WS I G 6 m) SRAEE, MR KA & R 48 ik ke T [ R K<, B0
SRAE TR R CH R K PREE W4 AR BE ) (HI/T 164-2020) H1 () AH G 2Rk 21
IR TS RS 5E 416 K. 58 529 K. 45 652 K. % 727 K, TEBIAXT W1 Al W2 W
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D53 0 R AE A P b B8RS 29 | L MR K A 0 & 4R 31 0.22 pm TR L, BEASRE S 2 44T,
KA 5 7 20K D8 IR T UK RAE 3% 28 B SR 0 Z A T I 40 o

FEH BRI BEE T 1 AR A3Z 15 G n % RS CK, SR AE LR KRR i 0ty Herh 0 95 e 5 1 S e
YiFhk .
1.3 TR IR AR E Y L HEM N F

MR 7K 1,2- 250K . 1L4-ZE R a2 IR COK BT 48 & A LRI e w9 48 <M
% -FiE vk ) (HY 639-2012) il B, 2 HE ] GRR DG DN Ty 12 %o U700 b 2R Ak 2 98 b 04700 2, A0 46
pH {H . S LA A7 (ORP) . I . B4 HLEKk (TOC) . %% (DO) . 8 . CO,, NO; . Fe™'.
SO,/ . S, CI'&§, MBI ZFEPEN 7 07 2 W2 25 SCRPY,
14 BB

fifi F] fastp (version 0.19.6) #17 ii#%, FLASH (version 1.2.11) #{fi£ 17 pair-end X )3 51 $f 4%, S
Bt A AR AR 3 97% B9 RR AL BE X DF 42 5 19 15 91 &) 9 #8449 25 B8 OTU (Operational taxonomic unit).
R TR s I R B 6 S Sk Alpha 2 RE 1 Beta 2 R PEBIE R U2 TR, ORE BT REAS 51 B dh
P2 20306, flFE, BEAREASYE RS w5 A AT 98.3%. AR 1 (version 3.3.1) A4 it
FIRETE AR A . AR AT (PCoA) FITUAR 734 (RDA) . HF 7 2H FC2H W) 22 S5 P A 56 0 A 7 125 R
One-way ANOVA, fii 1] BugBase 7¢ % 15 il # 17 16S rRNA Iy i WOM4: #r . 40 16 £ BE V5088 20 A 1
majorbio *F 5 (http://www.majorbio.com/) #£ 17 #4F .
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727 K, RAEA AR A A 2E A XCHETR K W R 1,2- SR L 1L4- SR I o v R AR A
Kl 2(a). RAAALHIBL 1,2- 0K | 148K M L BR R 5051 73.8% F 70.2%, o i R £k A 1k B B
12- 8% . 14 8RN EBRRSINN 65.9% I 70%. FAAE AT F 7k 03t [ b 34
b 1,2- 0K L 1L4-EORPS T ok B R R R A S e i TS AR A B B R AR I AR R S AR
HAARE N SR A kR FERERE K FRE A M, SIbae R A 3L (B =2.7~28 V) = fi
FRAS H 2 (B =2.6 V)>id iR B F(E°=2.1 V)= RE (E°=2.07 V) ¥,

FE SR TEVR B B, AR S e R R A R N R, Bk s 727 d, fheE A AR X
L2-Z5R . LA MR BEE 21 000, 286 pg L™, RAAAAMIX 1,2- A 1,4-—F K T &
WIERRE 14.1, 2.6 pgL!', REEMX ARG 727 d 1 H KRB R 5358 96.02% 11 98.24%, 1= Tk
AKX 91.95% F1190.51% ., JRAZAL2F EAL X W2 Wil 3 R /K i 1,2- 88 . 1 4- AR bh
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Fig. 2 Time series concentrations of 1, 2-dichlorobenzene and 1, 4-dichlorobenzene in ozone oxidation or
chemical oxidation zone
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R AR, 45 290 K. 5 416 K WEINECIE RS R, 416 d )5 FiiE ik BE R BRI TF, AT AE S W
IR E S R B O (R 1) o REEMEE Y A R WAL T e ik, —J7
T, RAEEAL XI5 Yk AR T A2 S AR X, kT B 2k B A i A/ R A 55 2, B RIS
P 2Bk S—Jrm, R X BTE Yk B Rl B S, AT B S B K SC s T AR
KB FE 416 d B, AbFEAL X IE Y A A SRR R ] I8 90% .

F 1 MK EBMIRUFIEIRR

Table 1 Typical geochemical indexes in groundwater

A NO,/ Fe*'/ S0/ S*/ ORP/ pH  TOC/ CO,/ DO/ T/ cr/  iRE
i (mgL") (mgLl") (mgL") (mgL"h mv {H (mgL") (mgL") (mgL') (mgL") (mgL") T

CK 10.6 <0.010 1 400 009 -1314 638 41 113.8 <0.20 241 5862  25.5
wl ck 6.12 <0.010 442 88 444 68 218 109.8 <0.20 386 49 24.6
wl 5294  <0.05 0.283 204 59.6  —350.4 84 492 1182 <0.20 275 376 265
wl_652d 4.06 0.194 243 0.01 2516 82 212 <4.0 1.45 134.3 1454 215
wl 727d 0.56 2.16 697 0502 -157.1 7.5 124 47.4 1.89 93 2215 137
w2 ck 5.58 <0.010 743 0.21 33 7 138 1453 <0.20 454 43 25.7
w2 529d 9.6 0.095 406 53.9 2683 82 424 21.9 <0.20 210 3797  25.6
w2 652d 0.78 0.728 634 <0.01 -97.1 /76 1256 <4.0 2.08 177.8 2053 214
W2 727d  1.59 2.52 1 540 1.04 =799 .72 15.9 84.6 3.5 486 149.1 11

EPRGEREN 727d, REEAX P 12-C48% . 14" AR EEREENES THRE
B FFA— B B IR AR B (1] 2(b)) .

k=

M

KA. kA EIY IR R R, A Co M ANV EWE, ngl"s C ALY =G
MR , g L' ¢ R FRMITA], d.

FLAAEALIX A 1,2- T A — B B e R 80k 0.005 2 d7' (R=0.857) , 1,4- " F A — B Bt
R HHON 0.006 0 d7' (RP=0.967) o Z=75 =P H55 H AE S 00 2 45 4 IR A Jo v S0 1) e e ol %
HACH 0.081 d7, HAEM -840 B0 A 7E SN ER Rl R . SEIR =R RIS AR
1,2,4-= G K (1) — [ B A B R R B0h 0.001 925 07102, VT IR R Ak 24535 e 3 SR 62 Ak 2 B AL S 5 4F A 2R
YIS B, 2 R K I S Ak Bl TSR ) R AR R 043 0l DR 0.002 1 0.001 3 7Y, SR
TF 5T F A Bl By B fiff o 56 BB A 2 . )2 S5 5 b BR ) B AL 2 5 X 5 Y ) R DR R ) R
AR K, SR I R K SR 28 T5 Y 1) AR 2B i ) oK e = B
2.2 HERUK PSR KT R YRR B A 1IN

AW o B TS ) H R 2K A R MRk Tk 2 4 bR I ECHE UL 1, A W A e 0 A5 o DL
2, VNI S L E AR E R 2 AR HERY RAERIE, 6~14 0 ATUE YRR UESE A R, 15~20
iR W R SRS 7T o wl-ck AT w2-ck AR T A R M RIS Yt B RE Sy, AT A3 T K R
R RE 1154 11~14, AW REMGE IR T rhil)5 529 d M Tk, RAAS AL X Ak 4k X455
I 17,

— 7, 3k HIE AL A T A R K B ER b R O, HRRE 529 d MR K
Wi B T Y R e 1 0.21~8.8 mg L' | I F] 53.9~59.6 mg- L', JE i 4k 2 A AL F ik )E H R K
SO, RN S*Jit 8 e B AR w3 TF iy, T BB IR MV K R A R B A A T e 1 A R B A RO Ak
Y. BRI ST R KT AT 9 SO E N L T A2 R B B, SO, Tl Ik 442 F[E R
204 mg'L', [ANF SR EWEH 8.8 FIFE 59.6 mg L', 54 MR e 37 He [ 4K 5 0 0 I kR



2678 EZ N D CRVE

R2 WTKEVEMRENSSE

Table 2 Biodegradability scores in groundwater

BER, IR 53 H YR fi

%%  No, Fe SO $*  ORP pHfi TOC CO, DO BUE cr g HEIRT*
wlck 0 0 0 3 1 0 2 0 3 0 0 1 14
wl 5204 2 0 0 3 2 0 2 0 3 0 0 1 17
wl 652d 0 0 0 0 2 0 2 0 0 0 2 | 1
wl 727 2 3 0 0 2 0 2 0 0 0 2 0 15
w2ck 0 0 0 0 1 0 2 0 3 0 0 | 1
w2.529d 0 0 0 3 2 0 2 0 3 0 2 1 17
w2 652d 2 0 0 0 1 0 2 0 0 0 2 1 8
w2 7274 0 3 0 3 1 0 0 0 0 0 2 0 13

T *ZHEPATS L, BAMHOCHTS P SRS, 1R MENR TR AR R VR LR RS A0 A2 2R, S5 — B4,
TEHAIRS]

SO,>. Fe (IIT) I NO, #f & L b JR G AR R BY, A e ik js 727d, SO W E T &, STk T,
Fe? ¥ & Thi . i R /K W 9 DO i Bk B AE 529 AN — BH < 0.20mg- L', J5Jh&E, ORP i A ik Ay
—44.4~3.3 mV Sef# Ik 2 -350.4~-268.3 mV J5 b, XU HE LRI Y M A AR s — B 4k
R AR JECIR 25 A [] 1461

Jy— i, KA B 2G0T DU AL AR W AR, B SR X TS Y W B R AR T B R I Ak
I A T R S AR AR R AR T 3R, Rl = B e S S R YRR R R A T R A, (R
B A 0 AR I i AR 30 T R AR O s e AR s ik i 1 i A AR A R AR 2 0 A S A W T
IR/, BB A W %) B AR B8 ) RE IR W &P AT, SRk SR AR R I S W I R R A
HAER, HORNE ] DRSS Ge 9 0 oA iy s, a8 mT LASR s is de i Al FUR M, P2
AL AR R A SR AL =, 25 15 e B I SR A AR AR R SRR
23 HWTRKPMEERRSHME

12K T WA YRR SE WA R AN 151 3 (a) FiTzs, 4B OTU 4 Bc A 67 4811, 193 4, 1637
NE o FEHRERN 652d N, XS F B & A JE B 1] Proteobacteria, JEEBE[F ] Firmicutes 7E 7 4
AL X B ] S BN R, FEA A A X AR JE IR, AT RE S 25 70 A0 T TS Y W R B 1 [l T
e

W UL AT HL M S8 A A T ) AR R 2 B AR AR n 18 3 () BT s, AR WIFSESR B 11 FhAg WL Mot 58 K it

CK | W Proteobacteria
W Firmicutes
wl _ck 11 mE W Desulfobacterota
™ W Bacteroidota
wl_416d i
ampilobacterota
wl 529d I N ] coinobacterion

1 i W Synergistota

W Chloroflexi
wl.727d 1 mn rob
w2 ck [ | [__1l
u/
w2_416d B e mu d_k__norank_d_Bacteria
vanobacteria
w2_529d B 5ot
w2, 652d — W i
w2_727d I D
0 0.2 0.4 0.6 0.8 1.0
FishOESY S
(a) IIKT5 2 PR T 25 F 4R A5 1k (b) JEBAIZFRT T & UL AT AL 0 SRR 7 TR T AR X = B AR Ak

B3 MTKPEIMEMRFELEEREN

Fig. 3 Changes in microbial community structure in groundwater
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WS % AR Sk, il e RECR R X R LA L W ISR % B Comamonas . Desulfovibrio |
Dehalobacter. Geobacter. Desulfitobacterium . Desulfomonile i #1 XF 3 FE )\ 0~3.27%0 15 %] 35 =1 B 1Y
28.98%0, FLAHXT=F B 1) fie im (E B o th BUAE TPikUs 416 d B 5 i JE f2 8 AL X 1 Dehalogenimonas
Sulfurospirillum . Desulfitobacterium . Desulfomonile . Pseudomonas ) # %] 3= & M 0.02~18.07%0 35 2| fix
7o I 189.08%0,  H.f5e i AH X A= B2 R AR 73t BLAE vh il 416 d #1529 d i o Ak S ML X 1. Pseudomonas
(9 A %t 2 BE AR iR S 416 d AN T 80 1%, Desulfitobacterium B A1 Xt =F JE FE A ik 5 529 d B m T
39118, ASHIFSE AT BE Y B i 0 B R AR AL S S A s 19 B AR AR T N Desulfomonile ' 7% 2y
Pseudomonas. 52X L, 5L AUAUTR X A T A O 388 R R S5 SR 1 A0 T BB 1Y B A A0 A TR
J& M 416 d #) Geobacter. Desulfomonile 1 Pseudomonas % 7% "N Desulfitobacterium %%\ Desulfomonile.
WAL, Pseudomonassp.P51., Burkholderiasp.JS150 . Ralstoniasp.JS705. Pseudomonas putida. Escherichia
hermanii S5 7E H S8 L Bl AT AR A AR S AR R4,

OTU /KF T M il AE W % £ Ak AR 43 BT WL 1K 4, PCL, PC2 (&l 4 (2)).. PC3 (&1 4 (b)) BT #ik 2R 43 %]
H 22.6%. 16.61% F1 10.17%, i i Bray-Curtis i 55 515, 15 2] S AL X ) wil-416d. w1-529d .
wl-652d, wl-727d 5 J0i5 4 X 38 CK Y BE & 70 ) 4 0.913£0.013 . 0.883+0.009, 0.892+0.006, 0.872+
0.004, Ak =% % 1k X 1Y w2-416d. w2-529d, w2-652d. w2-727d 5 CK Ay #E & 4 7l 4 0.8300.029.
0.820+0.018, 0.813+0.012, 0.817+0.008, K %& % A X AH B T 15 Y 0h HE 20 1) I 85 it 5 Ik (] 4 72 52 3
W EA NG, M A A X AR AN . X RS ET wl-ck . w2-ck 5 CK BYFRES (43901 K
0.827+0.012 1 0.801+0.020) , 156 B Hh it (1) St fin el 17 s K Hp e 2E W0 e dE S5k 1 A8 4k, e il s B
TR L5 M B B

04 r , 04

LCK | &h CK
$wl ck 1 & wl ck
+‘|' w2 ck ! 4 w2_ck

+ ‘ @ wl 4l6d ‘ o wl 4l6d
02} ; @ w2 416d 02} ‘e @ w2 416d
i ® owl 529d & ) @ wl_529d
Q | ow2 529d <= E ‘ ® w2 529d
S o, ! owl 652d T ! w1 652d
° ‘ ° w2 652d = & ‘ ® w2_652d
R [ty | i Al wl 727d 2 Of-----"F----ooon ittt wl 727d
Fl/ 1 w2 727d X 1 w2 727d

2 g . -

‘ e ¢ °
-02+1 L e -0.2 % °
[ ) ° ®
[ ]
~04 N N 1 s 0 ) ~04 N N H N s )
-0.6 -04 -02 0 02 04 06 0.6 -04 -02 0 02 04 06
PC1(22.6%) PC1(22.6%)
(a) PC15PC2 (b) PC15PC3

4 HWTKAPHEY OTU KFETELFERDH (PCoA, Bray-Curtis 55 5 H %)

Fig. 4 - Principal coordinate analysis (PCoA) based on Bray-Curtis dissimilarity between groundwater samples

R AR R B 2 BEPE Ge g R L 30 e bR s & A R R BE 2 S XS
416 d 11 Sobs 45 £ (WL 2 1Y) OTU %4) . HEVE £ FF 4 45 %X Shannon 5 %5 . 7% F & £ 15 %X Chaol 45
B ACE 8808 L ik Al i, R RS R X B, 416 dJ5 20 A BT My . Hodh BAA AL X Y
Sobs f5%% . Chaol 5§44 . ACE #§%% . Shannon #§%{7F 529 d B XF Hb o ol /i 40 B 35 B AIG s fh2# AL IX
9AE 5 Sobs 5 %0 . Shannon #5 %0 . ACE 45 %0 Ml Chaol 5 $7E ik 5 727 d Y50 48 & 5 T ik
Ao W5 45 S 00 B P i SE A R s e XS e IR VE ZREE IR, HAE 416 d J5 I A AR
W TR T AZ AR ALEI R, AR IR, LR RN
24 FEETFIHTKPRED SRR

I T AW ST () ORI T5 Ye B R, R 5T Bl B PR 5 DR X bb R K R A W B VR B S R O &R
Hip S (R*=0.714, p=0.022) . ORP (R*=0.859, p=0.002) il pH {& (R*=0.818, p=0.005) 5k
YIREVR 5 A B E AR OCOC R (B 5) o Z T A BHF 5% 2 W 15 G ) Wk B A Min S 385 M 52 ey S AR 20
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Table 3 Statistical results of high-throughput data in groundwater. Data are given as mean+SD (n = 2)

YR A (=R APS
PR wl ck  wl 416d wl 529d wl 652d wl 727d w2 ck w2 416d w2 529d w2 652d° w2 727d
Gobe | 20105 2909% 2928 1160: 1281 1336+ 1470+  2315& 2025+ 1884+ ~ 2132+
oS 129 86 215 24 5 66 15 440 224 106 231
- 6.576& 5949+ 6755k  4.800&  4.888+  5.470+ 4988+ 5362+  5.656+ 5492+ 5313+
annon
0.082  0.089 0.190 0.107 0.155 0.004 0.322 0.675 0.424 0.378 0.198
i 0005 0022+ 0004+ 0027+  0.029%  0.014% 0.031=  0.040+" 70016+ = 0022+  0.030+
1mpson
P 0.000  0.003 0.001 0.004 0.011 0.001 0.016 0.027 0,007 0.013 0.002

5025.51144 559.222+ 4 221.697+ 2 064.522+ 2 753.818+ 2 071.863+ 2 390.025+ 5.036.760+ 3 804.575+ 3 683.329+ 3 641.956+

Ace
955310 190.421  176.298  551.197  78.807  158.779 374372 © 350.807  845.100  76.485  221.255
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at genus level.
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Table 4 Predicted relative abundance results of microbial phenotype in groundwater. Data are given as mean£SD (n = 2)
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Natural attenuation and microbial community  evolution of chlorobenzene
pollutants in shallow groundwater after enhanced oxidation
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Abstract The monitored natural attenuation technique is usually used in conjunction with other groundwater
remediation technologies to reduce remediation costs‘and environmental impacts. However, there is still a gap in
its practical application cases in chlorobenzenes contaminated sites, and the natural attenuation mechanism of
chlorobenzenes is not clear. Therefore, this study took chlorobenzenes contaminated sites after pilot tests of in
situ ozone oxidation or chemical oxidation as the research object. From the perspective of practical engineering
cases, the bacterial composition of groundwater and degradation rate of chlorobenzene compounds in the two
years after the intensified oxidation measures were monitored, the natural attenuation capacity of pollutants after
different remediation measures ‘were evaluated, and the mechanism of action was discussed. The results showed
that after 727 days of natural decay, the degradation rates of 1, 2-dichlorobenzene and 1, 4-dichlorobenzene in
the ozone oxidation zone and chemical oxidation zone both exceeded 90%. The first-order degradation rate
constants of 1, 2-dichlorobenzene and 1, 4-dichlorobenzene in ozonation zone were 0.005 2 d™' (R=0.857) and
0.006 0 d' (R’=0.967), respectively. The concentration of pollutants in the groundwater in the chemical
oxidation zone rose after 416-days, which was inconsistent with the one-order attenuation model. The results of
bacterial 16S-rRNA showed that ozone and sodium persulfate oxidation changed the bacterial community
structure in groundwater, and the bacterial community structure gradually recovered during natural decay. The
S*, ORP and pH values of environmental factors were significantly correlated with bacterial community
structure of groundwater in chlorobenzenes contaminated sites in this study. In 416 days after the pilot test,
chemical-oxidation and microbial aerobic degradation were dominant in two zones, and then changed to
microbial anaerobic degradation. This study provides a reference for the green and efficient implementation of
chlorobenzene contaminated groundwater remediation projects.

Keywords chlorobenzenes contaminated site; groundwater remediation; natural attenuation; ozone

oxidation; chemical oxidation.
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