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Research progress on the remediation of benzo[a]pyrene contaminated
soil by advanced oxidation technology

OIAN Linbo'? LI Hangyu'? CHEN Mengfang'? ™
(1. Key Laboratory of Soil Environment and Pollution Remediation (Institute of Soil Science, Chinese Academy of Science,

Nanjing, 210008, China; 2. University of Chinese Academy Sciences, Beijing, 100049, China)

Abstract Benzo[a]pyrene is one of the representative persistent organic pollutants in soil in China.
Its high hydrophobicity and difficult degradation have become the technical barrier in the
remediation of soil contaminated by polycyclic aromatic hydrocarbon. In the early stage of the
remediation of benzo[a]pyrene contaminated soil, microbial degradation is considered to be the most
efficient remediation method. In the past 25 years, advanced oxidation technology has received
continuous attention with huge application potential in the remediation of benzo[a]pyrene
contaminated soil. Understanding the mechanism and influencing factors of various oxidation
methods for the remediation of benzo[a]pyrene soil will be helpful in deepening the theoretical
research and application. Following the brief introduction on the historical research of advanced
oxidation technology for the remediation of benzo[a]pyrene contaminated soil, this paper
emphatically summarizes the research progresses of advanced oxidation technologies such as Fenton,

persulfate and ozone for the remediation of benzo[a]pyrene contaminated soil, and discusses the
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influence of soil structures and properties effect on advanced oxidation technology. Finally, the
remediation of benzo[a]pyrene contaminated soil by advanced oxidation technology is prospected, in
order to provide a theoretical basis for the remediation of polycyclic aromatic hydrocarbons
contaminated soil.

Keywords fenton oxidation, persulfate oxidation, ozone oxidation, soil, benzo[a]pyrene.
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Table 1 Research progress on the remediation of benzo[a]pyrene contaminated soil by Fenton oxidation
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Table 2 Research progress on the remediation of benzo[a]pyrene contaminated soil by persulfate oxidation
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SRR, FEARK TS Y B i K.
F3 SR ()t He B DI

Table 3 Research progress on the remediation of benzo[a]pyrene contaminated soil by ozone oxidation

AL 15U B AL SRR E= BTN
Oxidants Pollutants Auxiliary materials Results and mechanism References
i St EERIRIT [a] EE 0 CHUR LA K PR 45 75 5%
o 0 — AW, WA IR O A B RDR S EE AR [11)
0.05g-L™ (20 mg-kg™") Jifaie
i L BRI A WX R - R I35 KR AR, BBk
e " HEY BB RCR AR B RS AL S W JC R e [45]
(12 mg-d™) (600 ug-g™) T
REER . ST SRR W] KERTTRRYIH50% — 100%Z 057
(1% W/W) HEBAZHTNE - K, AT [a]tE KB % H50% [49]
s WL BREFERD R 22 3855 I8 LR B L T B i, SLAR
. INELIEA7S 5 — IR A A WU I 22 B R A S A HL [46]
(1.00 mg-L™) T
LSRRI ERER ESIHEE - SR 72 e AR S % 5 I [a] iR R R R T .
(4. 18, 44 mg-(mg'L)"' (524 mgkg™) " 75%, FEH S AR R TS YL A W R i [47]
R I [a]tk F£100 r-min T, 3% 5 K%K, 73.7 mg LR
(73.7 mg'L) (100 mg-kg ") — GUREEF, A [alEMERRIE 93.67% [48]

4 +EEMERMNBREMLBIRBE R} [a| BB R T IEA R W (Effects of soil structure and
properties on remediation of benzo[a]pyrene contaminated soil by advanced oxidation technology)

TE A SELE AR M JBT0T 12 P E AL BOR B AR A0 [a] eERE2 A R 3R b, 38 & B0 ) 5 A LI G 1Y
. H S, BIES Y S Hy0, SR SR SRl {2 2R AR A A A2, Watts 55205058 T H,0, AR
BRI A 5 A A P BRI [a] B8 LA K HoOp BLEEINA B & al 3 PR B W) A0 Jo 4 £ S8 AL 2R
[a] B, &5 BR, i/ 15 mol- L™ H,0, FlEk (1) ¥ JE K 6.6 mmol- L' BAMAZR, XF 2K IF [a] BERIH1E
70%, T ] HyO, « JCEK B KGR AR 8 £ X R [a] R0 ALk 2] 85%, W]+ 3 rh i 8k Pyl LAY
H,0, JE SRR &, {2 2R IF [a] BE A L0 45 J 4% Mazargi A B\ B9 AF 58 Br il 52, 78 R 55 7%
0.95 mol'L™' Hy0,. 17.54 mg-g™' AREkH™, 2T [a] EEREAR 50 68%; TEVNIN 1% JEFA IR iy 3 v, 28 I5
Wb PRI LS, fE AR T 16.71 mg B, 2RI [a] BEFEAR RN 76%. K HIZRERA F1 H,0, BC LA
22:1 5, AN 2.5% A1 5% BRI 5, I [a] BERG ZBRAIPHIRE] 75% A1 95%. A= 4 IR 41 1K HL0,
FR S T4 Fe(lD) 38 508 Fe(Il), $& w5 1 S8R 00S I AL LI h Bk )T 5 H,0, JE Ik
SRR R, AR HE R TT [a] BEMREMR, XX T I BR AR BR 5 S e W e i R S B R 3L )
W, fEiX v, B3 rh A LB B A R SRR, DL B AR5 P R B R LA S A= W B A B A AR R4 5
[a] BERRME AL R FEMIEN] 13X — .
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+ B WU E AR B 5 — CHER T, Yang S5 48 1, R BILITT X 22 34 55 0 1) IR R A
W2 52 W) S A0 0 X 22 B0 05 0 9 SR AL B 4. Zhwao SEFSR T R[] S8 AR 6 BB 2 43 h 2R 9T [a] BE R 4AAL
ROR, Z5 0 R, FE R Hy0, FARET, 2RI [a] B R AR 26 BEAS AR A7 AL A 25 2t (R 35 i 3 o, BTt 4k 2
JE b e A B I T RAEARG. T A 2 J ol e . g D07 I8 43 PN IALTE. HoO, FAR R T [a] BRI B OCHE 21
PB4, SR FH 2ok R A 8 A T, W B AR AN AR AT Bl L 2RI [a] vE 4 20 SR SR B i, SR 5 R A A AL
T BT A AT [a] BEREARD. R, A HLBTE P45 401 [a] e AL b A S BAE I, —Jr i, AL AF
TERT LU AT [a] T, B SEUI00) 09 B R 805 05 — O i, AR AL A DL IS, AT PR R s s
Tt [a] v, AR LR, Tan SEAH5Y T 2 3005 78 T M ARVA AL BT b ) 2 A6 F 4 Fhes A6 57 424k 16
FhZ 508, 45 R W], TWURLA RO A AR S FE 2 h 22 30 05 S i AR B 28 R AR T2 A 0 R0 ok R M
TR TR A K 8 B T v 22 A D 0 T 2 B 23R i vy, RO 2 B T 1 25 BR R 45l 85.8% AT 79.1%,
H,0, X 223005 JE O B AR S8R AR, 2R, EEFIZR T [a] B2 UL H LA R P EACH Al 22 3405 48 B ) g e ).

AR 5 G VLB B AS [R) 25 338065 89T [a] 18 bR A9 52 B 52 4%, Goi 1 Trapido SR H 5
SEFISF AR AL 11 R Z 3055 K A ST 45 R o, WRBHFE D 1 09 22 3105 e LU R B AE D8 e | 1) 2 3005 )&
T T B, s 1 A8AR R (SRR, Ho0,) BB/, G0 it PR R Ui e B A LT & i T 1, X 23005
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B oA, B0 T A I AR X I R RO, 45 R R, BEE AU, fE a3 1 80
RS N o e s L 27 o <] S S T ST 3 I RTINS S A A ST e 87 N G = S 7 gl o
M, B pH BT, B2 P05 IR I R A R R M BRI 3 B R A S Ak i - TR 5 ey 1l 38— o AR B 1
W, 30 pH. AT ML A IEAE T 2547 N [R)RR FE R Bee, o B A9 PR A 3 KR im0, Xu A5 A 5K
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5 & (Prospects)

o PE A RTESRTT [a] 15 e IS b C R I B A BT 7, X sh Z 3 05 e i e %
g O R 2 5 HAT R S, BT IR ARV 2 Il R o e e, SRR BAE LU LA T I : (1) 465
Xf e BZEIT [a] BERIA BILR R AR LA K b A LSO S8 AR 70 BT AE i AN T 5 (2) LI 284y
55 S AR LA i A DA S PR RE DA TS i LB, s GRS T T X A [ 2R B 13 PR T [a] BE R RCR:
LR (3) M B AL B AR S BE | LEMBOR B R 50T R, IR R R PR LR 5 G iL . A2 We
B Z I RREE T 25 B, @ 0 [a] {5 4 LIERAUB B BRI & (4) ML B i 7e ry —
W5 g, JEHIE AN 5 15 Qe W F 2 05 A= Wy i 22 4Pk K4 I 2R 5 (5) SEBR R [a] BET5 Gt 1 4
B BARBE TS HE LB, QRSP PR A ] L SRR 55 YL S TR, R Ak PR3 ) R 0 45

S % ik (References)

1] skms, XL, A8 R FR, 55 JE b DX P AS BRI i T A o T 4 38 o 2 34 35 08 05 Y R A S A 8 & 2 0R i (D). 3R BE 4k 2%, 2019,
38(8): 1832-1841.
ZHANG H, LIU K, ZOU T S, et al. Pollution characteristics and evaluation ecological safety of the polycyclic aromatic
hydrocarbons(PAHs) pollution in surface soil of farmland around two coal-fired power plants [J]. Environmental Chemistry, 2019,
38(8):1832-1841(in Chinese).


https://doi.org/10.7524/j.issn.0254-6108.2018090401
https://doi.org/10.7524/j.issn.0254-6108.2018090401
https://doi.org/10.7524/j.issn.0254-6108.2018090401
https://doi.org/10.7524/j.issn.0254-6108.2018090401

3212 7N 54 1t

3

41 &

[2]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

W, ARHEIG, XU 5, 55 M TR R D) R IX 322 LI b ZER 07 IR A 8 kL ORI R CHZE S S D], B2, 2020, 41(4) :
1847-1854.

YAO C,NIJ Z, LIU R, et al. Contents, sources, and ecological risk assessment of polycyclic aromatic hydrocarbons (PAHs) in surface
soils of various functional zones in Yangzhou City, China [J]. Environmental Science, 2020, 41(4): 1847-1854(in Chinese).

ZHUO C Y, HU S J, YANG Y, et al. Effects of the structures and micropores of sedimentary organic matter on the oxidative
degradation of benzo(a)Pyrene by Na,S,0g [J]. Water Research, 2020, 174: 115635.

WRRE, INEN, W17, 55 CAVA AR X 32 IR 07 IR (KU PR A [J). FREE AL, 2019, 38(9): 1973-1981.

LAN J C, SUN Y C, HU N, et al. Health risk assessment of polycyclic aromatic hydrocarbons in soils of Karst trough valley in
Chonggqing [J]. Environmental Chemistry, 2019, 38(9): 1973-1981(in Chinese).

A IEEER, KT WA BRSO I AR P b 4TS Y XU A R AR E: GB 36600—2018[S]. bt
T tfi 4 R4, 2018.

Ministry of Ecological Environment. Soil environmental quality Risk control standard for soil contamination of
development land: GB 36600—2018[S]. Beijing: Standards Press of China, 2018(in Chinese).

POGLAZOVA M N, FEDOSEEVA G E, KHESINA A, et al. On the possibility of benzo(a)Pyrene destruction by soil
microorganisms [J]. Doklady Akademii Nauk SSSR, 1966, 169(5): 1174-1177.

JUHASZ A L, NAIDU R. Bioremediation of high molecular weight polycyclic aromatic hydrocarbons: A review of the microbial
degradation of benzo[a]Pyrene [J]. International Biodeterioration & Biodegradation, 2000, 45(1/2): 57-88.

BRI, JCWP R, BRI [ E L AR W HOR 18 S PAHSTS e R HERI T R (V). BREERLE, 2012, 33(5): 1767-1776.

QIAN L B, YUAN M X, CHEN B L. Research progress about bioremediation of polycyclic aromatic hydrocarbons contaminated soil
with immobilized microorganism technique [J]. Environmental Science, 2012, 33(5): 1767-1776(in Chinese).

QIAN L B, CHEN B L. Enhanced oxidation of benzo[a]Pyrene by crude enzyme extracts produced during interspecific fungal
interaction of Trametes versicolor and Phanerochaete chrysosporium [J]. Journal of Environmental Sciences, 2012, 24(9): 1639-1646.
MARTENS D A, FRANKENBERGER W T. Enhanced degradation of polycyclic aromatic hydrocarbons in soil treated
with an advanced oxidative process—Fenton's Reagent [J]. Journal of Soil Contamination, 1995, 4(2): 175-190.

EBERIUS M, BERNS A, SCHUPHAN I. Ozonation of Pyrene and benzo[a]Pyrene in silica and soil-14C-mass balances and
chemical analysis of oxidation products as a first step to ecotoxicological evaluation [J]. Fresenius' Journal of Analytical
Chemistry, 1997, 359(3): 274-279.

YAN J C, YANG L, QIAN L B, et al. Nano-magnetite supported by biochar pyrolyzed at different temperatures as hydrogen peroxide
activator: Synthesis mechanism and the effects on ethylbenzene removal [J]. Environmental Pollution, 2020, 261: 114020.

da OUYANG, CHEN Y, YAN J C, et al. Activation mechanism of peroxymonosulfate by biochar for catalytic degradation of 1, 4-
dioxane: Important role of biochar defect structures [J]. Chemical Engineering Journal, 2019, 370: 614-624.

WRES 7, k3, 2 7% 15 e 37 0 - 3985 M TR AR XU 34 7 vk 2 TML. B st B2 AR, 2017,

CHEN M F, HAN L, LUO F. Soil and groundwater risk assessment methodologies for contaminated sites[M]. Beijing: Science Press,
2017(in Chinese).

EPURI V, SORENSEN D L. Benzo(a)Pyrene and hexachlorobiphenyl contaminated soil: Phytoremediation
potential [M]//Phytoremediation of Soil and Water Contaminants. Washington, DC: American Chemical Society, 1997: 200-222.
PR, 2B A5, KL, 4F 15 B R RO (EE M U MR IR R TS R R (D). AR AR 2 2%, 2006, 25(8): 978-982.

ZANG S Y, LI P J, ZHANG Y, et al. Research advances in microbial metabolic pathway of benzo[a]Pyrene in contaminated soils [J].
Chinese Journal of Ecology, 2006, 25(8): 978-982(in Chinese).

L, B R T 50, 45 I (a)PE 15 e DR BB AR Sk e (1] 3R, 2021, 34(1): 76-81.

ZHONG R, YANG F, DING K Q, et al. Progress in research on the pollution status and remediation technology of BaP in soils [J].
Environmental Science and Technology, 2021, 34(1): 76-81(in Chinese).

NAM K, RODRIGUEZ W, KUKOR J J. Enhanced degradation of polycyclic aromatic hydrocarbons by biodegradation combined with
a modified Fenton reaction [J]. Chemosphere, 2001, 45(1): 11-20.

RAFIN C, VEIGNIE E, FAYEULLE A, et al. Benzo[a]Pyrene degradation using simultaneously combined chemical oxidation,
biotreatment with Fusarium solani and cyclodextrins [J]. Bioresource Technology, 2009, 100(12): 3157-3160.

WATTS R J, STANTON P C, HOWSAWKENG J, et al. Mineralization of a sorbed polycyclic aromatic hydrocarbon in two soils using
catalyzed hydrogen peroxide [J]. Water Research, 2002, 36(17): 4283-4292.

BOGAN B W, TRBOVIC V, PATEREK J R. Inclusion of vegetable oils in Fenton's chemistry for remediation of PAH-contaminated
soils [J]. Chemosphere, 2003, 50(1): 15-21.

FLOTRON V, DELTEIL C, PADELLEC Y, et al. Removal of sorbed polycyclic aromatic hydrocarbons from soil, sludge and sediment
samples using the Fenton's reagent process [J]. Chemosphere, 2005, 59(10): 1427-1437.

LUNDSTEDT S, PERSSON Y, OBERG L. Transformation of PAHs during ethanol-Fenton treatment of an aged
gasworks’ soil [J]. Chemosphere, 2006, 65(8): 1288-1294.

JONSSON S, PERSSON Y, FRANKKI S, et al. Degradation of polycyclic aromatic hydrocarbons (PAHs) in contaminated soils by
Fenton's reagent: A multivariate evaluation of the importance of soil characteristics and PAH properties [J]. Journal of Hazardous
Materials, 2007, 149(1): 86-96.

FLE R, TR, T &, % . JFentonid 71 S fb B % 1 5 th PAHs S L2 i X W5 (7). 338 TR 2% 41, 2011, 5(8): 1882-
1886.


https://doi.org/10.1016/j.watres.2020.115635
https://doi.org/10.7524/j.issn.0254-6108.2019030601
https://doi.org/10.7524/j.issn.0254-6108.2019030601
https://doi.org/10.1016/S0964-8305(00)00052-4
https://doi.org/10.1016/S1001-0742(11)61056-5
https://doi.org/10.1080/15320389509383491
https://doi.org/10.1007/s002160050572
https://doi.org/10.1007/s002160050572
https://doi.org/10.1016/j.envpol.2020.114020
https://doi.org/10.1016/j.cej.2019.03.235
https://doi.org/10.3321/j.issn:1000-4890.2006.08.021
https://doi.org/10.3321/j.issn:1000-4890.2006.08.021
https://doi.org/10.1016/S0045-6535(01)00051-0
https://doi.org/10.1016/j.biortech.2009.01.012
https://doi.org/10.1016/S0043-1354(02)00142-2
https://doi.org/10.1016/S0045-6535(02)00490-3
https://doi.org/10.1016/j.chemosphere.2004.12.065
https://doi.org/10.1016/j.chemosphere.2006.04.031
https://doi.org/10.1016/j.jhazmat.2007.03.057
https://doi.org/10.1016/j.jhazmat.2007.03.057
https://doi.org/10.1016/j.watres.2020.115635
https://doi.org/10.7524/j.issn.0254-6108.2019030601
https://doi.org/10.7524/j.issn.0254-6108.2019030601
https://doi.org/10.1016/S0964-8305(00)00052-4
https://doi.org/10.1016/S1001-0742(11)61056-5
https://doi.org/10.1080/15320389509383491
https://doi.org/10.1007/s002160050572
https://doi.org/10.1007/s002160050572
https://doi.org/10.1016/j.envpol.2020.114020
https://doi.org/10.1016/j.cej.2019.03.235
https://doi.org/10.3321/j.issn:1000-4890.2006.08.021
https://doi.org/10.3321/j.issn:1000-4890.2006.08.021
https://doi.org/10.1016/S0045-6535(01)00051-0
https://doi.org/10.1016/j.biortech.2009.01.012
https://doi.org/10.1016/S0043-1354(02)00142-2
https://doi.org/10.1016/S0045-6535(02)00490-3
https://doi.org/10.1016/j.chemosphere.2004.12.065
https://doi.org/10.1016/j.chemosphere.2006.04.031
https://doi.org/10.1016/j.jhazmat.2007.03.057
https://doi.org/10.1016/j.jhazmat.2007.03.057

10 H#4 AR A W R B AR E AT [a] tE15 Y T W T 3213

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

DU Y C, DOU J F, DING A Z, et al. Study on characteristics and influencing factors of PAHs degradation in soil by Fenton-like
reagent [J]. Chinese Journal of Environmental Engineering, 2011, 5(8): 1882-1886(in Chinese).

YAP C L, GAN S Y, NG H K. Ethyl lactate-Fenton treatment of soil highly contaminated with polycyclic aromatic hydrocarbons
(PAHSs) [J]. Chemical Engineering Journal, 2012, 200/201/202: 247-256.

R R 5 S Fentonfb 22 EALTE Z IR 071215 Y B B I (0], BREE T AR 244K, 2018, 12(11): 3260-3268.

QI H M. Application of ex-situ Fenton-like chemical oxidation in remedying PAHs polluted site [J]. Chinese Journal of Environmental
Engineering, 2018, 12(11): 3260-3268(in Chinese).

MAZARJI M, MINKINA T, SUSHKOVA S, et al. Impact of humic acid on degradation of benzo(a)Pyrene polluted Haplic Chernozem
triggered by modified Fenton-like process [J]. Environmental Research, 2020, 190: 109948.

MAZARIJI M, MINKINA T, SUSHKOVA S, et al. Biochar-assisted Fenton-like oxidation of benzo[a]Pyrene-contaminated soil [J].
Environmental Geochemistry and Health, 2022, 44: 195-206.

PISKONEN R, ITAVAARA M. Evaluation of chemical pretreatment of contaminated soil for improved PAH bioremediation [J].
Applied Microbiology and Biotechnology, 2004, 65(5): 627-634.

VEIGNIE E, RAFIN C, LANDY D, et al. Fenton degradation assisted by cyclodextrins of a high molecular weight polycyclic aromatic
hydrocarbon benzo[a]Pyrene [J]. Journal of Hazardous Materials, 2009, 168(2/3): 1296-1301.

BENDOUZ M, TRAN L H, COUDERT L, et al. Degradation of polycyclic aromatic hydrocarbons in different synthetic solutions by
Fenton's oxidation [J]. Environmental Technology, 2017, 38(1): 116-127.

PAFE, MiE A, Se 0, 55 b2 SR B I 3k I LR g 3 b 2 305 I At AR IR S (1], B £k, 2019, 38(7)
1518-1527.

JIA C Z, LIU X C, CHAI C, et al. Effects of chemical oxidation remediation on concentration and composition of PAHs in agricultural
soils and spinach [J]. Environmental Chemistry, 2019, 38(7): 1518-1527(in Chinese).

ZHUO C Y, ZHANG D N, YANG Y, et al. Effects of compositions, chemical structures, and microporosity of sedimentary organic
matter on degradation of benzo(a)Pyrene by hydrogen peroxide [J]. Water Research, 2019, 159: 414-422.

TAN W B, LIU N K, DANG Q L, et al. Insights into the removal efficiencies of aged polycyclic aromatic hydrocarbons in humic acids
of different soil aggregate fractions by various oxidants [J]. Environmental Pollution, 2020, 264: 114678.

PARDO F, SANTOS A, ROMERO A. Fate of iron and polycyclic aromatic hydrocarbons during the remediation of a contaminated soil
using iron-activated persulfate: A column study [J]. Science of the Total Environment, 2016, 566/567: 480-488.

PELUFFO M, PARDO F, SANTOS A, et al. Use of different kinds of persulfate activation with iron for the remediation of a PAH-
contaminated soil [J]. Science of the Total Environment, 2016, 563/564: 649-656.

AT TR, KBS, 2R, A5 A TR AR R TG AL B R S X M rh 23R 05 R MR s (0], WOl 23R, 2017, 29(1) : 129-136.
ZHAN S, ZHENG Y, LI S, et al. Degradation of PAHs in soil by different oxidants activated sodium persulfate [J]. Acta Agriculturae
Zhejiangensis, 2017,29(1): 129-136(in Chinese).

REFe, AR, vk, IR AL PR R A R IR AL B R L 2 F TR (7). B0k =4, 2018, 30(6) : 1044-1049.
ZHANG HL, LIS, ZHANG Y, et al. In situ simulated remediation of polycyclic aromatic hydrocarbons by activated sodium persulfate
system [J]. Acta Agriculturae Zhejiangensis, 2018, 30(6) : 1044-1049(in Chinese).

RSP, sk R4, BIHOE, 4. ok SRR g 30 [ s A 1 s v 23RS R AL BR M BCR 52 (1], B AL, 2018, 31(1): 95-
101.

DI S, ZHANG C Y, YAN Z G, et al. Oxidative degradation effect of sodium persulfate on polycyclic aromatic hydrocarbons in typical
Chinese soils [J]. Research of Environmental Sciences, 2018, 31(1): 95-101(in Chinese).

GUOJY, WEN XY, YANG J W, et al. Removal of benzo(a)Pyrene in polluted aqueous solution and soil using persulfate activated by
corn straw biochar [J]. Journal of Environmental Management, 2020, 272: 111058.

XU S, WANG W, ZHU L Z. Enhanced microbial degradation of benzo[a]Pyrene by chemical oxidation [J]. Science of the Total
Environment, 2019, 653: 1293-1300.

XU Q H, SHI F, YOU H, et al. Integrated remediation for organic-contaminated site by forcing running-water to modify alkali-
heat/persulfate via oxidation process transfer [J]. Chemosphere, 2021, 262: 128352.

W, AL, BRAE, S I A AL IR TA BAR AL PAHSTS Yt 18 (D). BRET TR 2% 12, 2016, 10(1): 427-431.

YANG Y, ZHANG J W, CHEN K, et al. Chemical oxidation of coking plant soils contaminated with polycyclic aromatic
hydrocarbons [J]. Chinese Journal of Environmental Engineering, 2016, 10(1): 427-431(in Chinese).

NAM K, KUKOR J J. Combined ozonation and biodegradation for remediation of mixtures of polycyclic aromatic hydrocarbons in
soil [J]. Biodegradation, 2000, 11(1): 1-9.

GOl A, TRAPIDO M. Degradation of polycyclic aromatic hydrocarbons in soil: The Fenton reagent versus ozonation [J].
Environmental Technology, 2004, 25(2): 155-164.

RUSSO L, RIZZO L, BELGIORNO V. Ozone oxidation and aerobic biodegradation with spent mushroom compost for detoxification
and benzo(a)Pyrene removal from contaminated soil [J]. Chemosphere, 2012, 87(6): 595-601.

LI X, LUO T, WANG Y, et al. Removal of benzo[a]pyrene in contaminated soil by ozonation [J]. Environmental Science and
Technology, 2020, 43(4): 171-177.

ZENG Y, HONG P K A. Slurry-phase ozonation for remediation of sediments contaminated by polycyclic aromatic hydrocarbons [J].
Journal of the Air & Waste Management Association , 2002, 52(1): 58-68.


https://doi.org/10.1016/j.cej.2012.06.036
https://doi.org/10.12030/j.cjee.201803140
https://doi.org/10.12030/j.cjee.201803140
https://doi.org/10.12030/j.cjee.201803140
https://doi.org/10.1016/j.envres.2020.109948
https://doi.org/10.1007/s10653-020-00801-1
https://doi.org/10.1016/j.jhazmat.2009.03.012
https://doi.org/10.1080/09593330.2016.1188161
https://doi.org/10.7524/j.issn.0254-6108.2018092803
https://doi.org/10.7524/j.issn.0254-6108.2018092803
https://doi.org/10.1016/j.watres.2019.05.041
https://doi.org/10.1016/j.envpol.2020.114678
https://doi.org/10.1016/j.scitotenv.2016.04.197
https://doi.org/10.1016/j.scitotenv.2015.09.034
https://doi.org/10.3969/j.issn.1004-1524.2017.01.18
https://doi.org/10.3969/j.issn.1004-1524.2017.01.18
https://doi.org/10.3969/j.issn.1004-1524.2017.01.18
https://doi.org/10.3969/j.issn.1004-1524.2018.06.22
https://doi.org/10.3969/j.issn.1004-1524.2018.06.22
https://doi.org/10.1016/j.jenvman.2020.111058
https://doi.org/10.1016/j.scitotenv.2018.10.444
https://doi.org/10.1016/j.scitotenv.2018.10.444
https://doi.org/10.1016/j.chemosphere.2020.128352
https://doi.org/10.12030/j.cjee.20160171
https://doi.org/10.12030/j.cjee.20160171
https://doi.org/10.1023/A:1026592324693
https://doi.org/10.1080/09593330409355448
https://doi.org/10.1016/j.chemosphere.2012.01.012
https://doi.org/10.1016/j.cej.2012.06.036
https://doi.org/10.12030/j.cjee.201803140
https://doi.org/10.12030/j.cjee.201803140
https://doi.org/10.12030/j.cjee.201803140
https://doi.org/10.1016/j.envres.2020.109948
https://doi.org/10.1007/s10653-020-00801-1
https://doi.org/10.1016/j.jhazmat.2009.03.012
https://doi.org/10.1080/09593330.2016.1188161
https://doi.org/10.7524/j.issn.0254-6108.2018092803
https://doi.org/10.7524/j.issn.0254-6108.2018092803
https://doi.org/10.1016/j.watres.2019.05.041
https://doi.org/10.1016/j.envpol.2020.114678
https://doi.org/10.1016/j.scitotenv.2016.04.197
https://doi.org/10.1016/j.scitotenv.2015.09.034
https://doi.org/10.3969/j.issn.1004-1524.2017.01.18
https://doi.org/10.3969/j.issn.1004-1524.2017.01.18
https://doi.org/10.3969/j.issn.1004-1524.2017.01.18
https://doi.org/10.3969/j.issn.1004-1524.2018.06.22
https://doi.org/10.3969/j.issn.1004-1524.2018.06.22
https://doi.org/10.1016/j.jenvman.2020.111058
https://doi.org/10.1016/j.scitotenv.2018.10.444
https://doi.org/10.1016/j.scitotenv.2018.10.444
https://doi.org/10.1016/j.chemosphere.2020.128352
https://doi.org/10.12030/j.cjee.20160171
https://doi.org/10.12030/j.cjee.20160171
https://doi.org/10.1023/A:1026592324693
https://doi.org/10.1080/09593330409355448
https://doi.org/10.1016/j.chemosphere.2012.01.012

	1 芬顿氧化对苯并[a]芘污染土壤修复研究进展 (Research progress on the remediation of benzo[a]pyrene contaminated soil by Fenton oxidation)
	2 过硫酸盐氧化对苯并[a]芘污染土壤修复研究进展 (Research progress on the remediation of benzo[a]pyrene contaminated soil by persulfate oxidation)
	3 臭氧氧化对苯并[a]芘污染土壤修复研究进展 (Research progress on the remediation of benzo[a]pyrene contaminated soil by ozone oxidation)
	4 土壤结构性质对高级氧化技术修复苯并[a]芘污染土壤的影响 (Effects of soil structure and properties on remediation of benzo[a]pyrene contaminated soil by advanced oxidation technology)
	5 展望 (Prospects)
	参考文献

