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Electrolytic circulation well coupled with oxidation and reduction for
trichloroethylene degradation in groundwater

LIU Yang, YUAN Songhu, ZHANG Yaoqiang, LIU Yang, CAI Qizheng, ZHENG Yunsong
(State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences ( Wuhan) ,
Wuhan , Hubei 430074, China)

Abstract ; Trichloroethylene ( TCE) is a common organic pollutant in groundwater. Traditional groundwater
circulation wells (GCW ) are effective but time-consuming and requires ground treatment. This study develops
a coupled system for treating TCE-contaminated groundwater through sequential chemical oxidation and
reduction. In this system, groundwater is circulated by two separated wells, and electrolysis in a pumping well
is utilized to generate O, and H, in situ. To degrade TCE, Fe( II ) -EDTA is added to activate O, to hydroxyl
radicals for oxidation, and Pd catalyst is coupled to catalyze H, for reduction. The system performance is
evaluated in a 2D sandy tank. The initial TCE concentration in the tank is 7. 50 mg/L. After 13 days of
continuous electrolytic treatment, TCE concentration decreases to 1.65 mg/L (78% ). The corresponding
increase in Cl~ concentration ( 118.20 wmol/L) is nearly three times that of the decrease in TCE
concentration (44.50 pwmol/L), which proves the near complete TCE dichlorination. During the operation,
the average degradation rate of TCE decreases from 0.90 (0 ~5 d) t00.10 (9 ~13 d) mg/(L-d). Oxidative

degradation mainly occurres in the early stage, and catalytic reduction efficiency is relatively stable. The
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degradation efficiency of both mechanisms decreased gradually in the later stage, which is attributed to the

decreased concentration of dissolved Fe( Il ) and decreased activity of Pd catalyst. The coupled system is an

improvement of GCW technique, which is feasible for oxidizing and reducing a wide range of different organic

contaminants.

Keywords: groundwater circulation well; electrochemistry; molecular oxygen activation; Pd-catalytic

reduction; trichloroethylene
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Fig.1 Schematic diagram of 2D sand tank

for experiments
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(b) TCE concentration during electrolytic treatment
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Fig.3 Variations in (a) DO, (b) dissolved Fe( I ), (c¢) EDTA and (d) total dissolved Fe concentrations during treatment
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batch experiments

flK® 0.68 mg/L B, fE — gL 3h J 2% # F H A h
0. 13/min F#{%5] 0. 07/min( & 4 (b) ol 2% J W — 2%
I RAE R B 4 (a) RIS BOR B EB RIS ) -
AT Ot B e A 351 e B — 2 B, FE — 2 Y Bl 9 DH Y B T
B BOA T R T, F2 R R T A b R 2R 1
[H] 034, s 5 2 85 /9 WF 98 45 & (DH ¥ &
0.005 ~0.5 mg/L) M —3""' . FEMlfk R 16 & ik v,
HUAE R K DH R BEAE 0. 45 ~0. 88 mg/L, i iy
DI HE TR A U /N T3, PR O D R 3 T
BIAE 0. 68 mg/L DH [ 245 F o HLH /K 1455 B3 B 18]
4 min, Z: RS S0 00 25 S AH [ B 8] Y TCE IR T 24
35% i S BRas A7 i FE P A AR BE i 0 TCE B B i 232
LR 15% 8AE H O LT KR 8] DH, iy F 4846 1k
IR R 08, 5 80 8 4500 A0 L 32 2800 BR ) D 3202 06
[H]5 TCE 45 il A 7543 F1 DO Al o 5 5o i A 4
W (0. 05 ¢/0. 06L =0. 83 g/L) 155 A #2 I — fh it A<
HHCFAME N 0. 032 L/ (gp, +min) , X 5 Davie 55 F] H



53

K S HbL T T 5 - 49 -

JE 4 S0 HE AT 404 A 0 008 IR i 3t R K P TCE 18
FIHYE (0. 04 ~0.05 L/ (g, -min) ) 3T ", H 2 Aif
oA 27 44 0k 4 4 i AL 3E L TCE 48 31 B9 (. (0. 37 L/
(gpg-min) VK — PR ", B d T A5 il
JH 0 B B 2R 3R (0..05 g/L) 19 17 4, DH ¥k AT
B T 400 i R SO T A . AR B g, R
T K LA AL H, 5 TR 4R AU H 40 AL AR
HHTH 24 R,
2.4 EALFEJFE AL RS R h TCE R % i AR X

BTk

R ER AL W], Fe (11 )-EDTA 5 4k 43 F &
AL I A BRI % TCE . i T HE— B4R 58X MR AL
I 2SR 2 b X TCE R A (89 BTk, X 453 K () ¢ fit 4k
HEAT T R0, AR Ak I S I A O 4 R 6 4 1 5
I A AR E O TCE ¥ 3 2% 9 SF 948, 4801k e i ot hy
MR R A . TS ~7 R
BT — 2, 7 8 L K X W0 R A W A% 5
B S B R R W Fe( 11)-EDTA 35 4k 7> 7 8 A AL %
7t S A AE AT B B (0 ~ 7 d) 40 Ak R TR R B
SR E  Je AR ML AR A R R R R R R M. %
P pH T4 Fe( 1) 15 EDTA 5824 & )5 15> T
G MR BRI (Fe( 1) -OH =10:1) 4
WAk 44 ,2. 50 ~4. 00 mg/L(45 ~71 pmol/L) ¥ fi# 7% Fe
(1) REE fb 4> T 7= 4. 50 ~7. 10 pmol/L ) - OH,
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Fe( I ) #e )i Al EDTA ¢ Ji J2 5% i 42 1k ¢ A 2k S 1) 2
BN 2 B MR DO Ve BE MR RS Fe (1) W
5 JEDTA e B 35 v B S B A RO R B 4

TE 13 K Ab B b, 40 4 Ak A SR SR AT 3 K
L JE % W AR, R R T A0 Ak R O b R
5 05 6,7 RIS G, AL R S
KA I 8 TF, T RE S T DH W b TF R T Ak
TEPERER . 45 8 K AR A AR T AR AR T
K DO {H DH e Ji A7 BT e AR, 75 m _E 2 i Ak )

EVERENL, BB RCR LT 00 56 9 K TH
TRAE I, DO X 48 A A 77 2 A 9% M [ H ] 55 4 B8 i, (A
PSR RO W A0 22 o i ) 8 SR VK 52 3000 i 3k AT P
TSR HEE# TCE #e 2 B AIK, ¥ i 245 Fe (1) % DO
THAEMI /D, 2 DO 38435 PE [ H 3 5, 40 i fL OR
HELLIEL T o 5200 8l 250K 2R rp 48 A A I IR i 28R 1Y
ZINZE N DH ¥ JEE (DO ¥R JEE oK I 45 B I [] i A0 57 %
P, DH #e 2w DO e 2 B A | 7K J7 455 B I ] B
A TR T35 P AR S A T i e i IR

16

[ S bbppe it
14 - I 555 e fdit

ATCE/(umol-L™")

0123456 7891011121314
I a)/d

BS SAE5FEEMNESANN _LRIEDR TCE BB 5Tk
Fig.5 Contributions of oxidation and reduction mechanisms
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