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ABSTRACT

This work presents a case study of applying a combined remediation strategy using Pump-and-Treat (P&T) and In-Situ
Chemical Oxidation (ISCO) to remediate phenol-contaminated groundwater. In 2020 and 2021, emergency containment
actions were implemented with maximum pumping rates to reduce phenol concentration, which were measured at 356,
535, and 258 mg/L at WIR, EWIR, and EW3R, respectively. From 2022, planned pumping operations combined with
persulfate (PS) injection were initiated to manage the rebound effect. As a result, all observation points maintained phenol
concentrations below 1 mg/L from 2023 onward. By 2024, phenol concentrations at all sites reached non-detectable levels
(<0.005 mg/L). The study confirms that optimizing pumping rates and capture zones was effective in achieving complete
contaminant removal. Furthermore, it highlights the importance of swift initial responses in maximizing remediation
efficiency with less costs, offering valuable insights to development of effective remediation strategies in similar

contamination cases.
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Fig. 2. Layout of monitoring wells, extraction wells, injection
wells, and contamination source at the study site.
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Table 1. Summary of groundwater contamination investigation, remediation plan, emergency containment, and remediation work schedule

Type of work

2020 2021

2022 2023

2024

Nov Dec Jan Feb Mar Apr May Jul Jun Aug Sep Oct Ncv Dec Jan Feb Mar Apr May Jul Jun Aug Sep Oct Nev Dec Jan Feb Mar Apr May Jul Jun Aug Sep Oct Ncv Dec Jan Feb Mar Apr May

1. Site Assessment
2. Remediation Plan

1) Field Test

2) Lab Pilot Test
3. Remediation

1) Emergency Actions

2) Design and construction
3) Pump & treat

4) In-situ chemical oxidation
4. Monitoring

1) Sampling

2) water level monitoring
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Table 2. Summary of extraction well operation results for contaminated groundwater in the study site

PW EW1 EW2 EW3 EW4
Time Pumping  Daily Pumping  Daily Pumping  Daily Pumping  Daily Pumping  Daily
amount average  amount average  amount average  amount average  amount  average
(')  (mYday) (w’) (wlday) (m) (mYday) (m)) (mYday) (w’) (mYday)
2020  Dec 419 41.9 815 81.5 158 79.0 41 41.0 - -
Jan 1,448 46.7 1,871 60.4 939 30.3 2,086 67.3 - -
Feb 1,613 57.6 1,873 66.9 3,017 107.8 1,439 514 - -
Mar 1,397 45.1 2,372 76.5 3,144 101.4 1,370 442 916 91.6
Apr 1,292 43.1 1,797 59.9 2,550 85.0 1,613 53.8 3,237 107.9
May 1,304 42.1 1,860 60.0 2,576 83.1 1,688 54.5 3,180 102.6
Jun 1,202 40.1 913 304 1,555 51.8 1,436 479 2,635 87.8
2021 Jul 1,073 34.6 1,298 419 1,058 34.1 1,414 45.6 2,310 74.5
Aug 709 229 293 9.5 231 7.5 1,632 52.6 1,892 61.0
Sept 1,070 35.7 1,313 438 882 294 1,528 50.9 2,609 87.0
Oct 1,000 323 1,047 33.8 325 10.5 1,199 38.7 2,588 83.5
Nov 673 224 698 233 167 5.6 437 14.6 2,172 72.4
Dec 437 14.1 653 21.1 0 0.0 177 5.7 1,754 56.6
Sum 13,218 36.2 15,988 438 16,444 45.1 16,019 439 23,293 81.7
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Table 2. Continued

shAIR) TS E3 A3 Asle Ask Ak A 75

PW EWI EwW2 EW3 EwW4
Time Pumping  Daily Pumping  Daily Pumping  Daily Pumping  Daily Pumping  Daily
amount average  amount average  amount average  amount average  amount  average
(m’)  (mYday) (m’) (m’/day) (m) (mYday) (w) (mYday) (m’) (m’/day)

Jan 228 7.4 0 0.0 1,230 39.7 465 15.0 1,790 57.7
Feb 1,135 40.5 0 0.0 2,018 72.1 1,960 70.0 1,328 474
Mar 773 249 0 0.0 1,353 43.6 801 25.8 2,549 822
Apr 53 1.8 0 0.0 1,759 58.6 1,459 48.6 1,974 65.8
May 20 0.6 0 0.0 1,299 41.9 816 26.3 502 16.2

Jun 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
2022 Jul 0 0.0 0 0.0 0 0.0 910 294 865 279
Aug 9 0.3 0 0.0 273 8.8 1,285 41.5 1,116 36.0
Sept 13 0.4 0 0.0 496 16.5 1,190 39.7 1,012 337

Oct 26 0.8 0 0.0 571 184 384 12.4 351 11.3
Nov. 8 0.3 0 0.0 596 19.9 20 0.7 241 8.0
Dec 0 0.0 0 0.0 0 0.0 0 0.0 133 43
Sum 2,265 6.2 0 0.0 9,595 26.3 9,290 25.5 11,861 325

Jan 0 0.0 0 0.0 433 14.0 0 0.0 427 13.8
Feb 0 0.0 0 0.0 137 49 0 0.0 469 16.8
Mar 5 0.2 0 0.0 904 29.2 134 43 350 11.3
Apr 0 0.0 0 0.0 288 9.6 38 1.3 434 14.5
May 0 0.0 0 0.0 0 0.0 0 0.0 155 5.0
Jun 0 0.0 0 0.0 0 0.0 0 0.0 468 15.6
2023 Jul 0 0.0 0 0.0 89 29 0 0.0 57 1.8
Aug 0 0.0 0 0.0 65 2.1 195 6.3 231 7.5
Sept 31 1.0 0 0.0 144 4.8 801 26.7 589 19.6

Oct 0 0.0 0 0.0 709 229 553 17.8 357 11.5
Nov 33 1.1 0 0.0 26 0.9 463 154 246 82
Dec 0 0.0 0 0.0 0 0.0 513 16.5 238 7.7
Sum 69 0.2 0 0.0 2,795 7.7 2,697 7.4 4,021 11.0

Jan 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0
Feb 2 0.1 0 0.0 0 0.0 418 144 342 11.8
Mar 9 0.3 0 0.0 0 0.0 306 9.9 197 6.4
Apr 0 0.0 0 0.0 0 0.0 180 6.0 130 43
2024 May 0 0.0 0 0.0 296 9.5 616 19.9 222 7.2
Jun 0 0.0 0 0.0 57 1.9 0 0.0 0 0.0

Jul 16 0.5 0 0.0 0 0.0 0 0.0 0 0.0
Aug 0 0.0 0 0.0 1,283 47.5 0 0.0 0 0.0
Sum 27 0.1 0 0.0 1,636 6.8 1,520 6.3 891 3.7
Total 15,998 11.9 16,303 12.5 30,628 229 29,567 22.1 40,066 319

F5aledar, 1 o|Felle Zh EAulth H 25 m¥/day
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PW7F 78 WA ZR5Ear, Hit 9F 36 m/day W55}
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Fig. 3. Geological cross-section of wells in the study site (Based
on the geological survey results in Table 3).
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Geological Depth
layer (GL. m)

Composition

Fill layer and Compacted silty sand

weathered soil 0.0 ~ 12.0

Weathered 12.0 ~ 30.7 This layer may serve as an aquifer with moderate permeability, though its
rock . . . ;

mechanical strength is reduced due to extensive weathering.
Mainly composed of schist

Soft rock 30.7 ~ 58.8 This solid rock layer has limited groundwater flow through fractures and
cracks but provides structural strength.
A combination of granodiorite and gneiss

Hard rock

This layer consists of artificial fill and weathered soil, providing a relatively
permeable path for groundwater flow.

Severely weathered, disintegrated into compacted silty sand during drilling

58.8 ~ 100.0 This deep bedrock layer has minimal permeability, effectively restricting
both groundwater and contaminant movement.
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Fig. 4. Flowchart of the contaminated groundwater remediation strategy applied at the study site.
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Table 4. Analysis of oxidant consumption for the optimization of advanced oxidation process using PS/Fe(II)

Persulfate (PS)
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Cops C, ps ACpg Coru Co.pu ACpy
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3 50 75.80 433 12.94 17.51 0.1707
4 30 102.90 9.77 22.71 10.53 0.2207
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Q T . Xo

\Imax \<wdl

1 Remark
(m*/day) (m*/day) (m) (m) (m)
85.00 35.80 0.018 -21.00 65.95 32.98 E ’
45.00 35.80 0.018 -11.12 34.92 17.46 mergency action
25.00 35.80 0.018 -6.18 19.40 9.70 Scheduled '
10.00 35.80 0.018 247 7.76 3.88 cheduled pumping
s
Capture -1
i (92 (2 J_Q
- —  zoneline y i(z Ti)i(ZTCTi) tan [
X[ ~ *Fq.tm;ngwell _al —-0 _ %0 _ =
= - - T W Tom YT

LIRS - Groundwater
e . .

-, flow direction

—

T

—

Q : pumping rate
: transmissivity
: hydraulic gradient

HI5=9] A8l (SwiQ) 71| “dBTAIE e, o]
S7FEE vl Aeleo] Mg Aom ZUsRS Yehd
o TEzelA B 4 o], vl A8l Sw/Q)re
o] 70 ~ 100 m*/day HHA <F 0.13914 0.222
SR} o) o] SIS UGSl o B
A7t FElo] 49 s o FEEAA SAES
ou)geh(Fig. 10). Fig. 100 FAE AR drde
85 m’/daye]t}. o] g PgHo R Yrlsst o=z,

29 FEHEE 9 FAAS FASHEA HH
Asl 0]8-2 BAS = v AU ES vt
Table 2014 A2)E U Ht e A9 EE 2022
FHE X397 g S5 85 mY/dayE 9S4
e HHAAM S s

3.23. IR PW) 29 BE X3t

FrAE FTHS @M A8 ) 2dE s
Aof&l7] $18l| EE 7 (capture zoneyS T TFAX U5
4ol 91x)9} dako] A= ojoF FTHUS EPA, 2008).
TS Ao E At riEEe tirse] 99
Wb | Aj7ke] Xl whEl ARl 913 A5kt
T WFeR Fo SoP] vl 28T 9L
P g A uPREel XS s 7419
Za ) AR ] A EdEh

US EPA(2008)cll AXE £33 9] AL (2
S B3led £ aidRe] 23731 W9lE S8k
BA A A= Table 63 2T} Table 63 Zo] A3}
oAl tisle] 7 o @GNS Bl AEE
TSR T AT e BAKI)e o] 44
FFHQ) s tigat] 7o 2771 2Pgalnh

20219 ISR 222 S9H JEe of 45~
85 m¥/dayQdth. ol WA= E3 ke HujFe of
[e)

AR Al ARERE SFRFETPE F ]
ks HagbeleE 9EAT. 11538 2]
o] HE = AAYTHY TS wEFEA =

~
A vlgo] A Hof A&z gYPol= AVt
A7) whiEolch. @3l R shuke] o] ¢F 10~20 m
o] IYFZS WA S AEAS F3)3 4=t w
2}, Table 691 10, 25 m¥/daye] E377HS AXsdar,
o] o] AT B 29 Al vkdE ik

33. M5pA|E 9 SE 2Ydn

E AFoxe Ak 04 ks wAE] 8l
e i it WA 24 Fo 2
7Fs3kATt. 202083 20213 B¢t e HEskE
A Ag glo] S44< A oZ
FE}A7] el Hof e =R 7FsE I
20220 E = AR ot 28971o]
> Aol ZAEHIAT o] AFFHE olUA] 8&S
He BEZQ ok 9o AEon, Bt
Frg AU E A3t a3 fAsaAt st
Fig. 112 7Fs& 44 Al 53 2 289708
At Aot

UL EW2, EW3, EW4RH 7Fsshe 21 AlgsidiaL,
EW2E FEAEerl e Agoz S W]
A3A 7FsstaTt L9® Ak HskE f1dl 7teshe
A EW3T EW4olth. L EshbiR] x| & 9

fr

O
it
o
o
B
£
op
T

Mo Mo

e A

J. Soil Groundwater Environ. Vol. 29(6), p. 71~86, 2024



84 FEE - AT - AEY - NS - 28T - A - AR

e @
™ -

Equipotential contour line

Capturez_l;l_:;" =1

@ Monitaring well
(Alluvial or Rock)
@ Extractonwell

¥ Injectionwell

& Drillingsurvey

Fig. 11. Capture zones and contaminated area with equipotential
contour lines.

=9 Z717F 50% o) SAE ATHFig. 8(a)—(b)). WHEFA
Table 6014 219 S 25 m¥/day= 715 Al ©F 40 m
(= Ymax 19.40 x 2 =38.8 m)®] ¥&7to] dsH= A
S WA 2FEAT. EW3 S SHCE THEs)
ARk, BER Aol YRS EW4 AHE 28U o]
IskaL o] AR o R &9ttt AT
EW1T 7] o183 PWE 28-S XA ¥,
I FF8H TYFZIe] FHEHT] el FFsHA]
ATk PW TS A 4 2 A T 2RdollA
HPH o7 Ao o s FFHU

2023 Bl 202453014 2.0] Bl AA=N7] whieel] &
e FA3] ZotEATKFig. 8(b)~(c) TP, EW2, EWS3,
EW4 S 7Fsets], HAe] <, F 10 mY/day o[H=
931}, Table 63 0] 10 m¥/dayS 2 8 7%
15 m (= Ymax 7.76 x 2=15.52 m)2] E&+7to] dAl3Ic},

2023 79FEE 318H4 Akl 3T el 3ol
HalH oz AL} Fig. 120] Bt 28 /fd=S et
s 2 d9o] skl LAET diHoRE w2 A
oA st kst 3HE A8siat sk, tiers &
ol ZHshe LE=ES = F=E3ske AT 7]
ol 3t 4SS FAstA T Alolol] 2HEo]
T LAEES AASH AR AFst). 231 8EH-
B 24 59714 HZRIA(S,04) THS ¢F 2 1HEe=

J. Soil Groundwater Environ. Vol. 29(6), p. 71~86, 2024

Transferred

= tothewater
treatment facility
after extraction

Injection
system

| Extraction well

TR
R

High-concentration
contaminated zone
surrounding

the source area

Fig. 12. Conceptual diagram of remediation strategy combining
ISCO and pump-and-treat.

393] T3t 57 AFETE Y =5 Ao
2 Fole kS A3 1~63] A= 3 mM, 7~ 123]
ZR= 6 mM, 133] 2} O1FRER = 9 mM FEE FUSIIE

202093} 2021 d90= 158 H3EA] (emergency action)
A2 s AN 7Fsste] WIR, EWI, EW3
Aol A Yehd s #Es 2143 A7t =71
E%E WIROIA 356 mg/L, EWIROIA 535 mg/L, EW3R
258 mg/L 712 A=A F5He] AEAR] s
Ea wer} ol 7HAStAar, 20229714 iR 2o
A1 1 mg/L oJsl2 HE=ATh(Fig. 13).

2022 FHE o5 LR Aol A F=7} APdE (rebounding)
o] WAL E3) EW1 AFIME 57t IAF
02 5 mg/L PR AEdhe Aol YeRT o9
we} RS o] 83 38 ksl ST A
TS Bl Zesle] A5 L PEES AASIITE ISCO
U AYE FF 2G9S Ao ZHN, 202397 E
EE #AF AFNAM BHE $55(0.005 mg/L ol3}el
Tttt HEHoE, 20243714 WIR, W3R, W4R
S F8 I Aol S@EEHo] R A A=A oH,
ol &rAEl T sl Aksl Il Wl A8
aHo T S-S HoJFET

4. 11

1]

B Aele & Ak sl o} 7]t



WA B AF

450

w
=1
=3

Pumping amount{ton/day)
&
=

1000

o | | i | | o
Dec1,2020 Mar1,2021 Jun1,2021 Sepl, 2021 Decl,2021 Marl,2022 Jum1,2022 Sepl,2022 Dec1,2022 Mar1,2023 Jun1,2023 Sep1,2023 Decl,2023 Marl, 2024 Junl,2024 Sepl,2024

shAIR) TS E3 A3 Asle Ask Ak A 85

Pumping
Injection

[fep/uoi)iunowe uonsafu)

,‘-. a | o WIR * W3R « WaR
W0 A | ——Ew1 o EW3 —wEW4 —=-PWL
5 1wfpm ®
3 Y
E L T\
_§ G e f \‘
& e — P - X
0.1 =
L ] =S | = [
- s
. a S X
0.01 L. s
= [ % \\\ . ® .0 x
—— =
Y| S S S S S e S S Yy T
Dec1,2020 Marl,2021 Jum1,2021 Sepl,2021 Decl,2021 Marl,2022 Juml, ]02? 5QP| 2022 Decl,2022 N)rl 2023 Junl,2023 Sep1,2023 Decl, 2023 Marl,2024 Junl, 2024 Sepl,2024

Date(mm d, yyyy)

Fig. 13. Phenol concentration reduction through the combined application of pump-and-treat and ISCO.

A529 UiAY FoAE BEsta Uk 27) 09
Alo] B11E A Z2449) 71FEbEA) 24 Bl 29
Aol 27h e ARl on, F1E ofg B 7t
HAY FrYS B} LGNS AAHOE AolZ
& gtk olgld 27] Ulge As RHe B

AAH A3 we-e Haskie o A Flds.

oFeAiE] T 3k 4ksISCo) TS HE 183k
Ay} oF 2dzke] 9 717 B9t 29T} wkEA A
silor, HFHow & %;“01 o2 AAEA. 53]
H3ArAT} Ferr 23RS 8-83) glskd 2ks) e A
LAEAS 2&sHA —rOHO}OEl g3t ads Szt &
ATt A3t TA = kAol A o= A3} £

)«

_Hﬂ

r.
il

|

:TLZJ' }1\_%0] 75:9:]' E‘é“‘ l:%o]_‘: 13] ‘6‘—8-‘?} O_E]I-%]_g ’6‘]—9;\
o, o) 2918) F7} IS oial Bl 7lolsic.

B ATE 38 2] AFHOR Y A%, A2
$9 W2 Bl 0F] BAE AT 4 UL
HojEC, olsh L e FARE 9 Aol Tt B

A3}l T Aels) -2 Alg 4=
544 2

B %811 294 Aslge] Aol A 27] tlg2
A&y A=A UiA7F e SIS 3RIg 4
ARt 27 %741 o 7GR 2219} A 29
55 299] ke Ao =N 21435 A3} 7lsst
95‘\5}. w3k, eAE] I 8k 4ksHISCo) TS

2
aﬁ

mlo -l

Holl 83k ARV} 2 = U

ez sheky Asle) 2214 A7 e =
sk = UL, ofol] wt F3h Gao] IA FIHU
ol AT AlgleIME 271 o A olF oF 2d Bt
st TS AT A3, 299 Hize] diR-E AAH
o, 11 IelX HHo it L8 Tke AT
o2 st vlE-S Has 5 AT o7 A=
sk 2 A Al WE dieo] vlE A 584
geke Sl e AT & A7 e

E

d

A3 AHlE A 09 EAE sk o 83
71 WHE AT = AS Aol
AL Ab
B dye 538471 AT Ao} Al
AA AlE 2 T 7170 2021002470005 A 2]
AP Wo} A F YT
References

Ahmad, M., Teel, A.L., and Watts, R.J., 2013, Mechanism of
persulfate activation by phenols, Environmental Science & Tech-
nology, 47, 5864-5871.

Babich, H. and Davis, D.L., 1981, Phenol: A review of environ-
mental and health risks, Regulatory Toxicology and Pharmacol-
ogy, 1(1), 90-109.

Baciocchi, R., D'Aprile, L., Innocenti, 1., Massetti, F., and Vergi-
nelli, 1., 2014, Development of technical guidelines for the appli-

J. Soil Groundwater Environ. Vol. 29(6), p. 71~86, 2024



86 A

N

cation of in-situ chemical oxidation to groundwater remediation,
Journal of Cleaner Production, 77, 47-55.

Boal, A.K., Rhodes, C., and Garcia, S., 2015, Pump-and-treat
groundwater remediation using chlorine/ultraviolet advanced
oxidation processes, Groundwater Monitoring & Remediation,
35(2), 93-100.

Carroll, K.C., Brusseau, M.L., Tick, GR., & Soltanian, M.R.,
2024, Rethinking pump-and-treat remediation as maximizing
contaminated groundwater, Science of The Total Environment,
918, 170600.

Dawson, K.J. and J.D. Istok., 1991, Aquifer Testing: design and
analysis of pumping and slug tests, Lewis Publishers, INC.,
Chelsea, Michigan 48118, 334 p.

Furman, O.S., Teel, A.L., and Watts, R.J., 2010, Mechanism of
base activation of persulfate, Environmental Science & Technol-
0gy, 44(16), 6423-6428.

Furman, O.S., Teel, A.L., and Watts, R.J., 2010, Mechanism of
base activation of persulfate, Environmental Science & Technol-
0gy, 44(16), 6423-6428.

Han, J.S., 1998, Groundwater Environment and Pollution, Par-
kyoungsa.

Hantush, M.S., 1964, “Hydraulics of wells”, In: V.T. Chow (ed.),
Advances in Hydrosciences, Vol. I, pp. 281-432, Academic Press.

Ji, Y., Ferronato, C., Salvador, A., Yang, X., and Chovelon, J. M.,
2014, Degradation of ciprofloxacin and sulfamethoxazole by
ferrous-activated persulfate: Implications for remediation of
groundwater contaminated by antibiotics, Science of The Total
Environment, 472, 800-808.

Jo, J.H., Yoon, S.E., Kim, J.M., and Hwang, 1., 2020, Feasibility
study of activation of persulfate by Fe(II) for phenol contami-
nated sediment, Journal of Soil and Groundwater Environment,
25(4), 77-86.

Kruseman, GP. and de Ridder, N.A., 1991, Analysis and evalu-
ation of pumping test data, 2nd Edition, International Institute for
Land Reclamation and Improvement, Wageningen, The Nether-
lands.

Li, Y, Liu, G, He, J., and Zhong, H., 2023, Activation of per-
sulfate for groundwater remediation: From bench studies to
application, Applied Sciences, 13(3), 1304.

Ma, J., Li, H., Chi, L., et al., 2017, Changes in activation energy
and kinetics of heat-activated persulfate oxidation of phenol in
response to changes in pH and temperature, Chemosphere, 189,
86-93.

Mackay, D.M., and Cherry, J.A., 1989, Groundwater contamina-
tion: Pump-and-treat remediation, Environmental Science &
Technology, 23(6), 630-636.

J. Soil Groundwater Environ. Vol. 29(6), p. 71~86, 2024

LT L ERP R

5
ok

PAPSEE

=5

Panigrahy, N., Priyadarshini, A., Sahoo, M.M., Verma, A.K.,
Daverey, A., and Sahoo, N.K., 2022, A comprehensive review
on eco-toxicity and biodegradation of phenolics: Recent prog-
ress and future outlook, Environmental Technology & Innova-
tion, 27, 102423.

Patel, M., Patel, D., and Pillai, P., 2024, Comparison of different
treatment methods which are used for phenol removal: A mini
review, Water Practice and Technology, 19(7), 2761-2773.

Pradhan, B., Chand, S., Chand, S., Rout, P.R., and Naik, S.K.,
2023, Emerging groundwater contaminants: A comprehensive
review on their health hazards and remediation technologies,
Groundwater for Sustainable Development, 20, 100868.

Ramos, R.L., Moreira, V.R., and Amaral, M.C.S., 2024, Pheno-
lic compounds in water: Review of occurrence, risk, and reten-
tion by membrane technology, Journal of Environmental
Management, 351, 119772.

Ravindiran, G, Rajamanickam, S., Sivarethinamohan, S., Sathaiah,
B.K., Ravindran, G., Muniasamy, S.K., and Hayder, G,, 2023, A
review of the status, effects, prevention, and remediation of
groundwater contamination for sustainable environment, Water,
15(20), 3662.

Thornton, S.F., Baker, K.M., Bottrell, S.H., Rolfe, S.A., McNa-
mee, P., Forrest, F., Duffield, P., Wilson, R.D., Fairburn, A.W.,
and Cieslak, L.A., 2014, Enhancement of in situ biodegradation
of organic compounds in groundwater by targeted pump and
treat intervention, Applied Geochemistry, 48, 28-40.

Tsitonaki, A., Petri, B.G,, Crimi, M., Mosbak, H., Siegrist, R.L.,
and Bjerg, P.L., 2010, In situ chemical oxidation of contaminated
soil and groundwater using persulfate: A review, Critical Reviews in
Environmental Science and Technology, 40(1), 55-91.

U.S. Environmental Protection Agency., 2021, Green remedia-
tion best management practices: Pump and treat systems (EPA
542-F-21-029), Office of Land and Emergency Management.

United States Environmental Protection Agency., 1998, Field
applications of in situ remediation technologies: Chemical oxi-
dation (EPA 542-R-98-008), Solid Waste and Emergency Response
(5102G).

Wang, B., Gao, C., Li, X., Zhang, Y., Qu, T., Du, X., and Zheng,
J., 2022, Remediation of groundwater pollution by in situ reactive
zone: A review, Process Safety and Environmental Protection, 168,
858-871.

Yang, Z.-H., Sheu, Y.-T., Dong, C.-D., Chen, C.-W., Chen, S.-H.,
and Kao, C.-M., 2020, Remediation of phenol-contaminated
groundwater using in situ Fenton and persulfate oxidation: per-
formance and mechanism studies, Desalination and Water
Treatment, 175, 359-368.



