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1.1 SEadRy

SEEG SR 2 R B A DERMRE M T K BRI, RSB 0.215 mm (A5 A) Al 0.137 mm (AR
B), Bi&EREGHHIHR 0.027 cm-s™ F1 0.014 cm-s™ o SCEHER 255 0 SRR H (KMnO,), AHLIGHYI R
13 (C{H ), P RAHTEE, SEE8 /KIS NHBAEK .
1.2 WRE

SCERAEE AN 1 iR, AR I A A A
4 28 kHz, HIZEA[JEFERR 0~500 W, D
g ]S SRR . RS IR A ML
JETCE TR I SOVAE , AL SR S S A
B, R AR A R R R R T A
REfs I ER TAVIBEEE N T AP
BN 5 em, FEEHS 2.5 cm AMEBARED 1, BE

JIEHR 7.5 cm AMEBURE I 2, Sl ZBORE AT R AR Bl sexEREE
TRRESA TR Fig. 1 Schematic diagram of experimental setup

1.3 SthaE

AT S SR P R R R R IS SR B o TR 75 AR IO 2 R R A, DT S S P YR 0T 1
IR TR EB R

{4 FHAB = AH (23 (Waters UPLC H-Class) , Bt Waters TUV ¥:1#%, % ACQUITY UPLC BEH C18
1.7 pm 2.1x150 mm Column (354, FEhAH BN 50% ALK 50% N, WiEHM 0.1 mL-min™", ZEEHE
WK 275 nm, FEiR 30 °C, FFREAFN 10 pL.
14 SEFHE

1.4.1 @I R A S

R T WSS T R TR A S R R AR, BT — PR S S AR — TR G R, Sl LR A
BRI TR

HIOK 0.2 kg AP FIAIAGHIBIE S, PSRN 10 om, FFIRCAFEERD R op EA IS S 10
o SRIGHHEENAL 2 SANIBSEE R D 2 54, IPMIESIREAEIE 1 mL-min', (E2K AL
BRI, KT RRAHE TR SC AR ShAE, IFRFE 24 h, DARIREPHE R K. AERPAE 00 ik
J& , WRBBAER 20 mL ¥EEN 3 ¢ L™ B SRR BV EZ) D e i A PRSI a0
SEAERD TR B — WIS E T IR AN, FFRn— e DR IR . SCRa R A
IF O Sy P I S IO 2L R 2 P e BRI ()i A P B A S s B P TR A . B, ST R
FE T RE R E IR0, MR YR EE LU A, BSR4 100, 200, 300, 400,
500 W,

1.4.2 Hb R 7K T 7 0 TS 3B (5]

TERIIRRCIRAS B A P E X B AR R R s S A AR [, 25 Wi T K R X 7 I8
JEAIGB I . RGN | SAPIEIEE e OARE, BB 3 o L MR mR) M b
T Fomi i, S s R A A R /K (v=8.59 ., 20.05. 28.65, 57.30 cm-d ™), JFZME Lk
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(a) =0 min (b) =60 min (¢) =150 min

B2 SERRSFE—HEIEPIEIRYT BUREE (ay by ¢ X 3 EMHANFEBAEXERE, ANEARRELHE)

Fig. 2 Schematic diagram of potassium permanganate transport diffusion in a one-dimensional soil column
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Fig. 4 Effect of ultrasound power in-situ infiltration enhancement
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Fig. 6 Effect of ultrasound power on temperature
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Fig. 7 Effect of groundwater flow rate in medium A on the effect of ultrasound in-situ increase in permeability

320 e R ST —— e
281 —e— TALEI/E oal AL FRAE
PP oS4~ dbER
=20t 2 4gt
® s 4.8
= o6f =40 |
12} #3271
= osl ® 24
’ 1.6 |
04+ 08 |
oo 0.0 T S S
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
Hst [8]/min 5[] /min
(a) v=8.59 cm-d™! (b) v=20.05 cm-d!
S0 —— Tt oo —— FamrEm
oal TAbEAE g0 —e TULMAE
g s —— AR 721 —— FREAEER]
E 8§ 6af
=l z
R 32¢ ﬁ??
24t gl
1.6 f i
1.6 f
0.8 0.8,
0.0 . oo ..
20 40 60 80 100 120 140 160 0 10 20 30 40 50 60 70 80 90 100
A [] /min i 8] /min
(c) v=28.65 cm-d! (d)v=57.30 cm-d!

B8 /TR B i TR BAR RIS MRS

Fig. 8 Effect of groundwater flow rate in medium B on the effect of ultrasound in-situ increase in permeability

AR, BOARTMREEA 1.31 4% $i52, ol s e S A T 25 T SR B AR
FTERE. ER PRI e R vh 2 R A R R i, BRI AR RAR A iB  E AF L s et ]
2, PIHBEE SRR N isks, Hos B A B mRayEs.

Ml RO, ARSI R AL O B BRI dass , (FOE A sk 2R AT



1678 ok L B ¥ W 18 %

T M FKFEET 28.65 em-d ™ 5, R IRAIEB T THRTF2GHIE R E s R K. RGeS
PREHL T IS YUEZ M, BLEA 2 TE SR LB . BB R EL S R K, e il 7 I () inzk
TP AR E IS4
2.3 BER-SGER SR PR

FET A IEAES, W N KRB RSO RS N 3 220 T #5409 iz, 100 min i
JEar sk BEAE 1 AL 2 KB AT EdE, AR A R AR B R rpR o R bR
Wy, 75 2 A BT RILRRE (C,) AUTREAR, /35100 14.12 mg L™ Fl 14.14 mg- L™, FEZid A
HACPVERTG, 2 FiA T S R A R I A B A B B A T, a3 1 R, At A TRIGRE 1 2 Ab
AR SRR T 9.69% F12.86%, M B A illtE 1 12.52% F1 12.84%, R IEIEH TA
5 B AR IR TR AL Y FKFE N 8.59 em-d ™' if, XFELIE 7 FIIK 8 ATl AR A HEHE
FRNIEBRCR T B, RIATEN A s e s B2, BT fe S80S 1 A o
AL AT, TR BRI T A i BRI 0 R, FBEE TR iRl e
i, S ESERE LT 2 Ab R AR R TR

151

= ol VEM
L e IR
9 L
?
U6 H
3 L
[ ]
0 I ]
100 120 140 160 180 200 220
ff ] /min
(a) A
161w
o FIHCHEFEF .
12t
Po 8
S

160 léO 140 léO léO 260 ZéO
Hs} 8] /min
(b) /r 5B
B9 TREISREMET (CC) SHAERIE ¢ KA ST

Fig. 9 Fitting analysis of (C;—C) and degradation time under different experimental conditions
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Efficient degradation of phenol contamination in groundwater based on in-situ
infiltration enhancement with ultrasound treatment
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Abstract In recent years, the situation of groundwater pollution caused by petroleum organic pollutants has
become increasingly serious. In the traditional in situ chemical oxidation remediation technology, the migration
and diffusion of chemicals are significantly affected by the permeability and heterogeneity of aquifers. The key
to improve the influence radius of remediation agents and the efficiency of pollutant remediation is to find an
effective in situ infiltration method. Ultrasound enhanced permeability technology has the advantages of small
disturbance to the environment, no secondary pollution and simple installation of the device. Ultrasound
technology is widely used in areas such as improving permeability of coal rocks and oil seams as a way to
enhance gas and oil recovery. However, there are few reports on the application of ultrasound in groundwater in-
situ remediation, and the effect of infiltration enhancement and remediation mechanism still need to be studied
in depth. Therefore, by applying ultrasound treatment to two different aqueous media, comparative analysis of
changes in pore size and pore connectivity, potassium permanganate transmission rate, and phenol degradation
efficiency in media before and after sonication. To elucidate the mechanism of action and influencing factors of
ultrasound in-situ infiltration enhancement, and to explore the degradation kinetics of organic pollutants based
on ultrasound in-situ infiltration enhancement. The results showed that the main factors affecting the effect of
ultrasound in-situ infiltration enhancement and the degradation efficiency of organic pollutants were ultrasound
action power, media particle size, ultrasound mode of action and groundwater velocity. The effect of ultrasound
in-situ infiltration enhancement increased with the increase of ultrasound power and media particle size. By
applying 500 W ultrasound treatment to the medium for 150 min, the transmission rate of potassium
permanganate can be maximized up to 3.02 times. In addition, when the groundwater velocity was 8.59 cm-d ",
ultrasound pretreatment mode of action can maximize the phenol remediation efficiency from 78.61% to
91.45%. This study explored the mechanism of ultrasonic in-situ infiltration enhancement on the transfer rate of
remediation chemicals and the efficiency of pollutant remediation. It can provide reliable theoretical basis and
technical support for developing the application prospect of in-situ groundwater remediation technology.

Keywords ultrasound; in-situ infiltration enhancement; organic pollutants in groundwater; decomposition

mechanism; kinetics
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