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Abstract

In this paper, the effects of H202 concentration, FeSO4+ concentration, reaction system pH, water and
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soil ratio, and reaction time on the degradation of petroleum hydrocarbons in oil-polluted soil were
studied in an oil production area of Shenyang oil production plant of Liaohe Oilfield. The research
results show that the concentration of H20: has a significant impact on the degradation effect of
petroleum hydrocarbons, and the concentration of oxidant and catalyst has a great impact on the
oxidation effect of petroleum hydrocarbons in the Fenton reaction process. When the pH value of
the reaction system is 6.0, the removal effect of petroleum hydrocarbons is the best, and reasonable
water and soil ratio can improve the oxidation efficiency. The remediation effects of contaminated
soil of different degrees show that after 24 h of reaction, Fenton reaction is basically completed, and
the removal rates of petroleum hydrocarbons are 49.22%, 55.31% and 61.98%, respectively. The
research results can provide scientific basis for the remediation of contaminated soil environ-
ment.
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AT NI SR REBIA S ENER, MELSEFRIRRE, AR, Lz
R, AR R A A, NSRRI B B R . i A AR A ORI A A
AR RN B A RS AN I, A5 3 T 5ME SR R P R A E i, e — R g T
1555, Fenton 14 &R ETEACARIEERE E NN Fe 4L 7], P BRI | m3E, #hm K RIRTH A E s
BIG R ZRBOER, BARSEARL PGSR Al I Fenton SEAGIETE A M5 Yy L35 55 40
WA — @ N FAMMEL] [2]. W EAE(H0) bRt AR LAY B0 =1.77V, HALME, FTEEXA
L5 Gt T84 . HaOo i = AR E AL PE 58 A -OH (E0 = 2.80 V), ST KZHA LI5S #8 B A AL
PE[3], JRMAF=W B HO Il COp, | iz M TG 4 B T 4R, SR, BT A5 g HIgr 26
e X 2 RS YA B R A, R TR X5 Yes b It SRR AE, B M E T &,
VITIRN ARG FAE N TREN FH 0 . DRI, ARHIF 50 DU RT3l FE L SR ) S SR A b X vy e+
BRI G, ARTT HoO WRFE . FeSO4 ML [MNARF pHy 7Kkl S SEH (] 5 PR 25 06 5 G 1 48
FHE AR AR S, AT S G A S S SRR A
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Table 1. Physical and chemical properties of oil contaminated soil samples
1 AMSRIIREREIEEMER

FEA TPH (mg/kg) SOM (%) T3R5 (%) pH TH R (g/kg) 2% (g/kg)
S1 24,016 2.38 2.65 7.72 0.032 0.97
S2 36,673 2.37 2.51 7.63 0.041 0.99
S3 50,054 2.39 2.56 7.70 0.048 1.04
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Table 2. Soil particle size distribution of oil contaminated soil samples
2. AMSRIEERNTIENEZ S

LHERLAR 5 (%)
FEA  <0.106 mm 0.106~0.15 mm 0.15~0.25mm  0.25~0.5mm  0.5~1.0 mm 1.0~2.0 mm
S1 20.4 8.9 12.2 7.9 27.2 3.24
S2 17.4 9.3 13.5 7.7 26.0 3
S3 19.8 9.9 13.3 8.2 22.8 3.11

AHF T T TS 39 B FOAE A 5 e g, R RESR AT PR B SR SRR X g
KRR IEI 3R E 20 em &b, TAERETESE, EREARNT 2~3 K, FEEI-8K 2T, Win 2k
TR R PIARA . Ak BEEEESY, F 2 mm FLAE R JE e B L EREAT O 4y, SR 4G 30 4 1T TR
E5], e IR R (R 1, % 2), o ENREEST, BT 4CuiE kA& e
A A O#5Eh I % [ R vty BT 8 A R AT
212 AHSHRTHEE

AR S R T & e, ARE R E DR Z O g, BN G R R R
GO, RIEHCE @R =, as g by, AiE R E R NREEE, BT
4°CUKRE il A7 %% FH

2.2. SRR

2.2.1. FEIFIE H.0: ERRE

PRI 5 g WA S L3888 T 250 mL HETEHE A, IMANIE R 287 7K, HoOa BRI EE 73514 0
mmol/L. 400 mmol/L . 800 mmol/L. 1200 mmol/L. 1600 mmol/L . 2000 mmol/L . 2400 mmol/L. 2800 mmol/L,
IR, [N 24 h JERE AT R, A TPHL pH B2 At .

2.2.2. FEIFIE FeSO. fE ARIR LIS

FREX 5 g KA s G B3 8CE T 250 mL #ER IS, IMAEEZE K, W RN R pH N 6,
S1. S2. S3 LFEH HoO, 1B /KM B 43 [ 7 4 800 mmol/L. 1600 mmol/L. 2400 mmol/L, FeSO4 /i
W 435129 0 mmol/L. 10 mmol/L. 16 mmol/L. 27 mmol/L. 40 mmol/L. 53 mmol/L. 67 mmol/L. 80 mmol/L,
RO FEV, N 24 h JEx EIEREAT R, XS A TPH BLA pH 4347

2.2.3. RMEZEME pH FHMEEHRA IR

FREL 5 g WTAiis e85k E T 250 mL H#ERES, IMANER L& 7K, FeSO. #MikE N 16
mmol/L, S1. S2. S3 :A¥r1 HaO, R R FE 43 7] ] 52 4 800 mmol/L. 1600 mmol/L. 2400 mmol/L, H
H,SO, A1l NaOH AT MNAK R pH 438 24 3. 4. 5. 6. 7.7. 9, 70 7EW, KN 24h jaxf LT
B, XF R TPH K& pH AR I

224, BEKITEAMIE

FREL 5 g AT iHy5 G 38805 T 250 mL #EEfE Y, FeSO4 ik & 4 16 mmol/L, S1. S2. S3 -+
FE HaO, FBE SR VA 43791 [l 5 24 800 mmol/L. 1600 mmol/L. 2400 mmol/L, 7%l EK b 4:1. 5:1.
6:1. 7:1. 8:1. 9:1, 10:1, 12:1, AT RFAAER pH N6, R EG, KM 24h f5xf HIEHATEL, %+
FE TP J pH MR IF 47 o

4 Q\
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2.2.5. Fenton & Z &z BZ A 8] X1 15 490 pE AR = B S i

W5 g KAy G R38BT 250 mL HETEIR A, IS & 2585 1K, 75 RBAR R pH N 6, FeSO,
PN E 9 16 mmol/L, S1. S2. S3 LA HaO2 [ BE /R BE 4331l [ 7€ 9 800 mmol/L. 1600 mmol/L. 2400
mmol/L, 7% 1h. 3h. 6h. 9h. 12h. 24 h, X TPH % pH ik 247

2.3. MEH=E

WA (3 pHAERIIE ALY (HI962-2018) [4195E H3E K pH fE; S (3T 45 6 #4>:
AL EME Y (NY/T 1121.6-2006) [5190 7€ -5 A HLET & & SR A A ILIRE I € 158 42 %([6];
W5 ARy, ) 3 oI N TC K TR ER BNV S A B E AT I K AR B, DUIE EbefE N HLA R, i
WA R (TPH)EET 22 R 5 2E B I8, 4826 A REBE TR M IR BB 1 A A v A S, R 25 R %0 P 28
e JE R RERE S, W8 TR T, R 22 ) PR A e s o ol 2 46 B HH IR FE AL (/L) B3 53 -3 A vl
SR IE (m/kg); o S SR P D i SR FH e R R AT e Tk

3. R5iT1ie
3.1. FRIKRE H.O, A imIEFEEM R

H202 AT BA S Fe?* i Fenton 5F), FAE AT G 0T OO A il is e i AT 80 ff . Ho02 3%
IR E e T A5 AR, Tl SR e H.0, AR, TRFAF H0p BN EXT =Fhi5
YRR I A S Y LIRS SRR (G5 3) . Bl HoO2 ¥R FE K, S1, S2 #1 S3 ' TPH &&= AW/,
& TRE. Hd, S17E H0, Bk & A 2800 mmol/L i TPH & & M 24,016 mg/kg F4f# %] 13,920
ma/kg, R EBRFRA 42.04%; S2 7E H0, BN E 4 2000 mmol/L i TPH 14 & M 36,673 mg/kg [ fi
F 19,976 mg/kg, RN EFRFEA 45.53%; S3 7E H0, BN A 2400 mmol/L i) TPH 15 & M 50,014
mo/kg F&ARE] 27,419 mo/kg, Bk EBRFR N 45.22%.

Table 3. The effect of H202 concentration on removal rate of TPH (%) in soil

= 3. HO B MR FEFS 3| TPH KRREE (%) BIFZN

H202 ¥ /&% (mmol/L)
A
400 800 1200 1600 2000 2400 2800
S1 23.9 32 35.8 35 40.6 41 42.3
S2 31.2 37.1 40.5 43.75 45.8 43.7 45.1
S3 31.9 35.3 38.8 37.9 40 45.3 45

Table 4. Effect of H202 concentration on soil pH after oxidation reaction

R 4. H0: 3 IR E X R AL R R FS 3% pH BISZAE

H202 # & (mmol/L)
FEA
0 400 800 1200 1600 2000 2400 2800
S1 1.7 6.31 6.09 5.92 5.88 5.8 5.7 5.69
S2 7.62 6.3 6.11 5.85 5.83 5.78 5.7 5.6
S3 7.68 6.4 6.05 5.8 5.79 5.72 5.68 5.6
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%4 RREE R G 135 pH B FE, 2 H0, B 9 400 mmol/L B, pH M 7.7 Btz R4 2] 6.4
KA, M H0, BNV E R 1200 mmol/L B, pH T3] 5.8 7245, BiA H.0, BRI, 13 pH
SRS . BT HO, EFE MR A MRS A LTS RPN, S48 i— e rp B P2 f e 28 7=, AT
FAAR 3521 pH.

3.2. FEIRE FeSO, 3 A il IR R AR

TEAL AR ST IR AN P B IR 40, RERE MO B FR R EE AR N, R A 77 R B0 B 2 6 A i
JeHIRMBE AR AR, B 1) AT 1(b) 2 Bl R AN [F] FeSOs e FE F 3 rh TPH (158 4% & & LA
K TPH 5B . 24 FeSO, IR v 10 mmol/L i, TPH EERFR A, 2054 48.64%, 54.37%FN
61.62%. S1 1 FeSO, HINIKEE Ny 53 mmol/L i}, TPH &K 34.14%; S2 h FeSO4 HIFINIKE A 67
mmol/L i, TPH Z:fr#H 43.68%; S3 1 FeSO, HIHANMEE Ay 67 mmol/L i, TPH 2:FR% N 53.38%. 4
RR, AR 5 e A R Bk 2 1R B SR RIVE T, A 3 45 AR RO e Ak 77 00 L )2 18 e
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Figure 1. The effect of FeSO4 concentration on TPH in soil
1. FeSO4 MM E XS L 3% TPH BISZAT

4 5 N RILEAUE T3 pH B, EULJE L pH TR, LT R R R S A LR
H[7]. BE% FeSO4 HIHEINMEM 0 mmol/L HKF| 27 mmol/L, +3 pH KigE N3 3.3 iz, M%E
FeSO, FEMMR LM FRREIS K, 138 pH JFUG/MIREEREAR, JERWa TR 8, WEURIN FeSO4 MHIMAHLL
Ho0, X 35 1) pH §Emi T K

Table 5. The effect of FeSO4 concentration on soil pH after oxidation reaction
2 5. FeSO+ 2 Nk FE XS L & B2 fg 3% pH 920

FeSO4 ¥ & (mmol/L)

FEA 0 10 16 26 40 54 68 80
S1 6.24 4.22 3.71 3.39 3.33 3.24 3.13 2.93
S2 5.83 413 3.72 321 3.14 3 2.92 2.87
S3 5.67 4.02 3.69 3.26 3.19 3.11 2.88 2.79
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3.3. REEZME pH EXESHRE I

S NAR BTG pH XT Fenton 1771 25 B A vy Y 3 rp A TR EEE RS2, Fenton 7 R BAES
ER pH A REXT A TR AR B BT 1 2B ROR . ] 2(a) MK 2(0) 0 A Bon A FRIEE pH 3 d TPH 1)
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Figure 2. The effect of FeSO4 concentration on TPH in soil
& 2. FeSO4 ¥ ik EE 3t T3 R TPH BOSME

2 pH M 2 FHE 3 6 18, S1, S2 Al S3 Ht TPH [ LB Ze Ak £ 90 &%, 2 pH=6K, S1, S2 Al
S3 H) TPH AR B AL, 3 TPH BRZ 572 49.47%, 59.35%F1 62.21%, N5 TPH )& & 437
F%%] 12,176 mg/kg, 14,908 mg/kg F1 18,914 mg/kg. 4 pH M 6 $2F+% 9 i, S1, S2 Fl S3 H TPH (1) 22k
RIS o I R AMRIZEI TR 1T [8], AR FIRERSS 18, SRR IS TPH 228K, b
HIRMNARZR pH 17, TIER pH SR 20T &S, SRR R pH RERS 20 1358 F B 1 ERFLE .

3.4. REFFRKLEERIE

WL R, ARK L&A T B3 TPH B3R & & UK TPH L BREA AR (5 6). X T
S1 3, Mukttedy 4:1 0, TPH (ERRZ N 38%, +IEr TPH (#1484 14,888 mg/kg, B 7K 1 Hufl
BIFFE, S1 +3dh TPH (LR RCR— BRI, KR 7:1 1, TPH [ £ BR3% N 54.25%, +3Ed TPH
& &8 10,987 mglkg, BEEK LB STF R, TPH MIEBRBCRAE TN, LBRRYEFE 50% /44 .
S2 1 S3 t-3Erh TPH B&fA K SAA A S1 254eL, S2 F1 S3 7E/K L Eb 235 8:1 A1 10:1 B TPH 2545051
B, ZBRZFE508 59.17%F1 66.24%. B FLRA[9], /KA LLEEE « OH 78 M A4 R H B £& i = Ak
SO, T RS B A R Y B AR R [10].

Table 6. The influence of soil to water ratio (%) on TPH in soil
6. JkEEbxt 1P TPH KBRE(%)AIF M

KA
FEA 4:1 5:1 6:1 7:1 8:1 9:1 10:1 12:1
s1 375 45.4 44.2 53.8 50.6 48.2 50.7 47.9
S2 525 52.6 50.1 54.2 57.9 53.3 54.9 57.7
S3 53.1 54.8 55.2 56.5 58.8 64.9 66.7 58.2

S
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3.5. HIMMFKRFT Fenton & M EYFZ A

88 pH B AHUR S E SR A P I A RS TR AR T SR B AR AE S Fenton [
Bie. Ak, LIEEURLR TG SISO EE ), TR TR TPH R FHOCPE[11]. R
A (1275 F I B R 3R A B A 5 e el R B, A g N — & B VD LR A B e I
W TPH 15 BR 2 . Tang S5 [131 A I3 I 30K K /N Re B (e A ks e i b i, A Bh T e 2L
R[14]. AHFFH 2S5 R BAT IR 00, BEE HIEBR I K, 3R TPH B2 R Ak L 3 Tt
P, S1 A HHERIARTE 1.0~2.0 mm B TPH 123 bR 3 5 KN 66.19%, S2 i o - HEki 42 7E 0.25~0.5
mm B TPH (1) 2% B 36 8 KN 74.39%), S3 A% A1 -8k 42 7 0.25~0.5 mm I TPH (1) 2 B 3 5: K N 77.03%.
S1, S2 Al S3 Hpr E3RI4E KT 0.25 mm B TPH [ S A £ BR AR & T L3RR/ T 0.25 mm I - 3ekifs
BOKH, 13 SOM BT RER AN 1 5

3.6. Fenton {& % [z Rr B+ /8] 3 i5 3L b AR RO R

3(a)F1 ] 3(b) 43 ) i AN A S RE N 1) R 3 eh TPH FOFI 4 & 8 DL TPH BB % . 24 S 8] Ay
1h i5F, S1, S2 1S3 TPH IR HA 44.23%, 51.23%F1 51.28%, M 24 h J5 TPH LK%
BN 49.22%, 55.31%F1 61.98%, 3+ TPH ¥ &%) 12,195 mg/kg, 16,389 mg/kg, 19,031 mg/kg.
Fenton Jz 3 B 8] (1) 4 48 32 EEHL T Fenton 771 1 FH & AL LR [15]

(a)‘aoooo (b) 80 7F
J 754 | = S1
—o— 52
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Figure 3. The effect of reaction time on TPH and SOM in soil
3. R RzEFEIT T3 TPH F1 SOM AISZ

4, gEip

(1) HaO2 FEIAR FE X 4 i () B R R s (i 2%, RS S1, S2 Al S3 (5 YR fiE, & B i AUk 7 Al
HEAL IR B2 50 Fenton S SRGE, &3] Fenton S Nxf A WL HIHREE, Fe? BAEFRINIKE A 16
mmol/L, TPH EBRE 755N 47.46%, 53.71%F1 60.92%.

(2) PifEF pH X T Fenton 1A RA WE RN, ARCAE pHAEN 6 I, TPH [ EBRACR R, 3 Mk
JE AL FE 3R TPH £ R 552 49.47%, 59.35%FH11 62.21%; /K- Ebxt TPH (2 —E M8, &8
FI7K L P AT A AR, AT A S, S2 F S3 7E/K 1 EoA 7:1, 8:1, 10:1 B iAE 5 K TPH ZFREUR .

(3) S PIIFIEINE 3 Fhy5 e LB SRR, MWRBIIFAEFAT 1 h 2 TPH Puis LBRpr B, itk
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Ji TPH [ 2:br ez igt K, 2 oh it ANFREW], M 24h J5, Fenton M IEATER, TPH %55
A 49.22%, 55.31%7F1 61.98%.
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