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Removal of Aniline from Groundwater by an Electrochemical-

Hydrodynamic Cyclic Coupling In-Well Bioreactor

Li Shuang, Wen Zhang", Zhu Qi, Liu Hui, Yang Shuting
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Abstract: To ensure the efficient and safe in-situ remediation process of aniline contamination in aquifer without secondary
pollution, a method for the remediation of aniline in groundwater by an in-well bioreactor under electrochemical and hydrodynamic
cycle is proposed. Driven by the hydrodynamic circulation system, the volatilization of aniline in the hydrodynamic circulation
system was evaluated and oxygen was provided by electrochemical means. The bioreactor in the well provided the repair carrier.
The remediation experiment of aniline degradation by the bioreactor in the well was carried out in the aquifer system simulated by
the sand tank. The growth curve and aniline restoration in aquifer were simulated. After 289 hours of repair, the average
concentration of aniline in the system was reduced from 298 mg/L to 132 mg/L, and the removal rate was 56.5%. During
operation, the removal rate of aniline was 1.10 mg/(L.-h) in 48 h, 0.85 mg/(L.-h) in 48—72 h, and 0.65 mg/(L+h) in 72 h to
289 h. Oxidative degradation was gradually weakened. The process conforms to the Michaelis-Menten equation, and the reaction
rate is —6.71X107/(15-+¢). This system is based on the improvement of groundwater dynamic circulation technology, and is

expected to be applied to organic groundwater remediation.
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By 17 7 R R B Wi i U N & B o > A A
ELE A= 9 0% i, T8 T R A M5 G W) (Teoh et al.,
19935 Hu et al., 2015; Hou et al., 2018; Liu et al.,
2020; 2= B &5, 2022). MR 45 15 K 28 A HE B AR o
(GB8978-1996) , 4 Jte — 2 & /K HERLARE Ny 2 mg /L.
MR 1 AR 38 L 75 G 3 b b R K OR B Y B i
Bl K 292 20 pg/1.~2 500 mg/L(Wen ez al., 2015;
ZEf 4 20215 Liv et al., 2021). 2R3z W T E0
Yo RIS B R BR 2 KEZS VRN AF U (Ttoh
etal., 1993; Zhang et al., 2008, 2021). A 5| 1)
NN RN A (I SR S I W s /N N 4
58 51 & A AR VTR TS e s 4 3 ARk MR K B )
76 A5 4 AR N T R K R B & B T R A
R (Yuan ez al., 2021) 35 KA HLT5 Y29 a0 = 5
LW WE E B2 R (0 A e X R R PR
YWy 1 15 2 A A7 3B (Zhao ez al., 2016). 8 T4
B b 3 B K AR R TS Y, O A R
i S5 AR W A B R DL A B AR T R, T R
HRYB L HZ B T Bk (Liu e al., 2015, 20165
Jiang ez al., 2019). 7€ Tk 5 7K kb 3 b 210 8K 1A LR
ik R I N SN o N L @ AN ) IR E24 T SN cY Ul
i FR B A 4 2R i [ i T 2 )12 v ] (Zhang ez al.,
2008; Hou ez al., 2018) , FEH F K i i FHEE A )12 1Y
B A B PR M B (Zhao er al., 2016) , Zhang et al.
(2011) P55 6 H 43 85—y R, 1 A% I e 1) % e
R e 1A, BV VR MR 988 1B Rhizobium borbori, % 7 bk &
— PP U, B AR ASOR B4 B AR T K By A B
W0 Gibert et al.(2007) WF9E 22 11, 70 4 4 1
L H R KA A A S R s Y R A gk
23 i H AR K AR SRR T TR MR R TR A, R —
S0, J0 U Ts G AT (XSS, 2020, 2021). 4%
WS 2o 5 AT A ) S g 2%, Fi /K AL 4 7K Bl
TEAVERT , BB A HLT5 YW R e (ANDAE N B b
15 YW, 75 58 A ) TN i AE HL AR 2R PR O R 6 DR i
(AN LB [l ARTT 115 UMY B R R i 32 i
JE R FE R AR Y 5 iR R AR SR
JEHEAT T3 PR R, RIS M R R A B R R4
A W = BR LA (Alvarez and Speitel, 2001), 4

0 K 2 A AT BLYS e 4R 0 — i F A
L M#5J5k

1.1 SEIe# e

R A B W R — R 2R R 1/2HL,SOL TR &
il B, N-C1-Z8 58 ) & — i 30 8 #6 %5 Ak~ i 5% (o A
afi ) ¥ oA 2y 4R, B R (MT152D 15V2A
30W) , MMO H ¢ 1t 7 B 75 JF 35 1k T A BR 2 &) .
S T A W AR R dE 4 22, Tl 2% TG 35 3R
TR R A TS U6 AR R W E G g B 152 P B B
AIRA A S5 HIK Y Rl ik (18.2 MQ » cm) ,
BUEH NW 4l K LR 1R ).
1.2 IWEE

R eSS A SR NS RN SR E - 2 BN
70 cm, P& 10 cm, = 62 e, BV FH SR 43.4 L. b )
1504 T 6 HE 6 51 B BORE 11, N BB R 0 Bl 4w 5
1.2.3.4.5.6, NEZH %5558 AB.C.D.E,
F 0 o ] 35 40 35 51 31 78 40~80 H A9 41 9Ewb , i fic
U 0 2 e 15 % (330 mg /L 20 1) 18 3 % 3h %2 v A RD
FE AR R H BT K & K 2 38 I A5 BORE FL %
2 ARAF K AL, Ky i H R KB BUAE B, DA A 11 R il
WA L A O T R A (7.9411.1 mm) LA 4E
Uit i (80.64 mL/min) I A ZE M - f v, ke s A5 I
A F I v 5, 38 3 0% AL IR A S K2, OF B
A A LU B K2 HE AT B R R B
KN R E MMO LB (8020 mm) (DO #£ 3k #l
A= 0 SCNE s, FE T 68 e A e T) s O 300 5 e 4
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Fig.1 Diagram of experimental device
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1.3 gitiE
13,1 BRaSHEsEIe (1) 75 VR MR BRI X 2 e 9 T A2
PRI A BTR] — Bk A (OD600 7 0.4~0.8) 45
100 pL., A 2] 10 mL 2.0 %, 40 51 in 150 pl. .
100 pL .50 pL .40 pL .30 pL .20 pL .10 pL .0 pL %
Jie A A PR B LRI RS R 2 10 mL 2 4k
fE 30 CHfH W& 5 % 46 b By R L B b i I — Ik
OD600, 47 M 5 3 ¥k, L4 96 h. (2) £ {4 & N
PEHE I OfF 2 28 22 AR & R B B 96 h, BB A
T8N P TR S L DN — R R A TR
HETE O, AT RS, A T D AR R TR I N R AR K
1.3.2 ZHRELIE  (1)ZRBHER NP e
Bl 53N 80.64 mL/min (AR AT HL R KA
237 h, BRI A2.A6.B3.B5.C1.C4.D2.D6.E1,
E4 F3.F53L 124 57 0y A e vl B LLPFA 7K 20 J1 16 36
RGANE R N AR5 L 0L .(2) Ak 2E- K 3h AR
A6 B AR W) S A B A S R e 5 e 5 K 2 - A i
BNAE 53N 80.64 mL/min, LI A 200 mA 44T,
Vg H AR RN 25— 40 v R G FSE 104 £ 0 28R ] B A Al 7K
G Y, SR F AL 2K Bl I8 B8 T 19 P8 A= 9 B i
AR LB H R K A R R, SR G 2 iy 5 i
289 h, BRI b3 124> AL A AR e ok B LAARTE AR
FT R ) 2B 0 T] B ek K s i S AR 4k
TR, 5 A SR P45 20 i UL (A Z8403, F TS K
W5 I E T SER T LR AN ZS s NH L, FMINO, HREE
14 SWAZE

A= Wy 8 I 52 (Zhao ez al., 2016) % H B br
{C(CHBS-1101) W 22 ) % B, 24k b 2B 9 o Fn i
FEW T E Y R o K 4 A 570 nm Al
600 nm. fil§ b5 A 15 2 A W5 E R 30 C L, K A
ATz T FE AR A K BT AR i 2R Ak A W 1 DI E N-(1-
B ) & AR A 43 Ot O BE B (GB11889-89)
K BR A 0.03~10 mg/L. B BH & T & & R JH &
F 035 A (Eco IC, &+ 75 38 ) #F 17 4 I .

2 ZEH 5108

R A 5 e MR TR TR I R i SR RE R 1 BR
B, W0 A Vs 06 AR IR T G TR e ) i 2 R R X A
A W7E 200 mg/1. 250 mg/1.,300 mg/L. 350 mg/L .
400 mg/L 450 mg/L 500 mg/L Y24 e e & R 19 4R
KT T WaI, A7 3R BCE A, 26 TR 2
A AR 2R R B/ R AT RS O
ik o B 3 & ok B, b RPKIR D 0.908 1

0.6
* 500 mg/LSZMI o 90.012.97.
P =0.47-368.
o 00 myL B A AT FE=0.47-368 30/;% )
° 450 mg/LEME &
- 450 mg/LIL A « & S
0.5F ° 400 mg/L e o : *
00 mgLi Al " ;f: N A
v 250 mg/LSIME % o ~-»'*;$;[*M-“ﬂ'f” *
250 mg/LI A+ BETTRE=037-0.18/(1+ %)
045" 0 mg/LSI{ vy v vy ad
I3 — ol 2 F
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Fig.2 Microbial growth curves and their fitting curves under

different concentrations of aniline
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Fig.4 Biomass distribution of different parts of the carrier at

the initial time in the sand tank system
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Fig.5 The average concentration of aniline in aquifer moni-
toring points and the change of DO in wellbore

with time
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Fig.6 Distribution change of aniline concentration in sand tank in aquifer
a./=0h; b. =120 h; c. /=196 h; d. /=289 h
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10° 15 22 #8 % MK 3 W A A i 22 . b ik, 28
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Boltzmann & 0 XF b #8 4R 2 PN 2K B o 5 A8 B
HEEFE L BIE RN C=2303.92+ 23.76/|1 +

t—80.3

e 2% |, R'=0.998 4. i 1 i% 77 f Xt )5 W) 48 & i #

A ZR ORI A I 0 HE AT SR L FE G HL AT 48 h
W, C=303.92 mg/L, A f 0 % & 1 2K 7T Z 0% AN
TF LW R 3k B O

1k RA2 17 285~574 h, fE7K 8 J1 96 R 1 SE 0k 1
¥ U5 H R KO R ZE W SO SR 1B 5 DR IR R v A%
W) ST 2 B R AR ) RN 4 B ST 1 O A SRR
P A% B & 5 FF A LR K FE BR AR PR AR O,, O, 2 4
S AL B R Y HL A2 AR (X 45, 20205 Yuan et
al., 2021) .75 AL 7 DN316"(=CICC 10378T=
LMG 23925T) , % H 41 58 DNA G+ C 60.9 mol%
(Zhang et al., 2011) , 43 2L 4= KR 400 NH.
H,PO, =AY B . — Ak #17K (Erdal and Cirpka,
2017). 75 V& AR 9 1A A& — Fl % Pk 47 % I (Zhang et
al., 2011) , 2R W I 4 Il 2 A6 A AR T 2R IR IR 43
fife AU Y BT 06 5 Y Tl L E R I AR R PE T L R
Jhig 76 5 1 A8 2% — W (Kahng ez al., 2000) , 75 1Z A0
SUN L LI N SRR =1 T i 7 Nl LT 0 72 RA  EA
Mo B e M NH, (Jiang et al., 2017). %
298 mg/L Y A Ji F% fig ) 132 mg/L A = 4 2
25.03 mg/L i NH, , ifiif NH,; M %] # 1 600 mg/L [
k5] 0.06 mg/L, X 1 B Bk 35 Ve AR 5 o1 A AR 72 43
I (He et al., 20205 & WK 45, 2021). 78 265~
289 h P, ¥ fifk S R SR TR HLE 289 hiiF Wil i 2 1
WA B0 3 A WA AR X RT BB 2 b 1 55 50 00 46 4% i Y
NH; & LT THFESE 4, 400 AT BE 2 B R e = 085
A Wy B T T T B0 50 T T Ak S A L TR 6 4
T AR AR KB IR KA RN ASERT
WAk & A2 . A6.B3.B5.C1.C4,D2,D6.E1,
E4 . F3.F5 3t 12 4~ R AF a0 48 e e 2 75 38 F, B[R]
t=0h,120 h, 196 h, 289 h ) 5 #i [ . 4 i vk JE 7 5
A B ) AR 43 A 457 3k U BH K A 2 2 R 4 1
] BsF, 7K Bl 7 06 BRI 1 O, R0 iz B 35 e AR R 1 A A
S fk 5 RN, o A i B Y U0 AR R B A AR M A
HL 48 h P W ) s 2R i o 35k B R IR 1.10 mg/ (L -
h) | 2R i 25 B o AR A e 5 L 48~T72 h T MU B
ik 0.85 mg/(L « h), it 25 B W 18 5 I 72~
289 h, K iz e i B A R 4 K5 7F 0.65 mg/(L - h).
KN 2 Br o R A b 5 IR A B Michaelis - Menten
(MME) 8l Jj 2% 3¢ ik 2048 Ak o R 3L A — 3 (Liu e

al., 2015) , Fl MME J5 2 % A [5] BURE FL A i vk 3 i
B[] A8 Ak 15 0 E AT 40L& 25 R B 7 TR % 5 R
Ko 7R e KRR 8 ) 2 88— U W 19 R T K
Fe 7 AR IS P 11 2 1 R 2R B T VR AR R R AR R
B4 40 A A Bl 7 2 A R R [ A Bl 1 2E R R R R ]
HAL:A2.A6.B3.B5.C1.,C4.D2.D6.E1,E4.F3,
F5 1) R* 439 4 :0.922 4.0.913 7.,0.975 5.0.897 6,
0.928 3.0.974 6.,0.901 4,0.950 2.0.949 1,0.965 3,
0.976 9.0.944 4 LA M R 45, )W F o —6.71X
10 7/(15+ 0%, K.=25mg 'd ',K.=15mg/L.

T 2R i oK Bl D0 A6 B AR TR /Y 5 & W] 2B
AT, R AE B ARSI AR RO K 3l D0 A6
WRG P IR £ BR300 56.5% . % & &2 i # il
KB I EA I T RS AW O, 4 A
O LA A ML Ye it FOK R B A

3 HiwHE

A SCEE X K2 R e Ts Ye IE R T ESE L 43
PRI T 15 U MR I8 TR T 2R Bl ok B8 1 i A2 7 B O A7
T I N R R H A 2R K B IR A R G AE S
A= ) SN i A T X R e 1 % A, O 3 ok g g 2
TR 220 T S T I o A I O R K R B B A R
T AR RRCR BT, 289 hiE ZEiE i M AW iE E
J& T KB 2R TR BE N 298 mg /L R %) 132 mg/
L, EBRFIL 56.5% . 1 T A HL i 7= A= 19 O, ] A %
TR AL W) B A R B LA BT AR O R T S bR A
523k AR ) S 8 R B I R T, S B g T A
A4 45 o et T AR AR R e VR B L T 2R A B
51 1 LR W) 3 9E S W) B ( Zhu et al., 2019) , 4] 42
o ) FH V5 10 R R TR T R G 1) R A R I 5 B A L
il g T R KRR, S HES— S
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