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Abstract

This study addresses polycyclic aromatic hydrocarbon (PAHs) contamination in a typical industrial
site. Based on preliminary soil contamination investigation and risk assessment, the remediation
scope, volume, and target values were delineated. Ex-situ chemical oxidation was selected as the
remedial technology through comparative technical evaluation. According to the spatial distribu-
tion characteristics of contaminants, bench-scale experiments were conducted using low- and high-
concentration PAH-contaminated soils, respectively. The removal efficiency of PAHs by sodium per-
sulfate (NazS20s) oxidant and calcium oxide (Ca0) activator was systematically investigated under
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varying concentration gradients to optimize reagent dosage ratios and application parameters for
achieving remediation targets. A systematic and cost-effective site remediation scheme was devel-
oped based on the bench-scale results, providing technical support and engineering reference for
the remediation of analogous industrial contaminated sites.
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LA B, FEPTHRE SR, 2307 (PAHS) 5 4L L JRINT . PAHS 14 B A4 AP HLS 4
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EREIE N R[1]. ESORREES L AR RERS T, TR, @ShiE R PAHS 155
I, SCHlG RSRS8O B 2]

AT FUE R FE T TAVIB B PAHS {5 HLRHE, RGTMIE 7 NG QR A XS Pl 2 747
WEEEAE R TR BT e BRI 2R, DAIDNIRISR PAHS {54 Tk (B R G BR AR 2005 5 1
Z%.

2. HIREKFR

KRS A T BT, (HHBEARZ) 90,054.1 m2, #uEepsh bR EAE AR KEMTILA
b Hl, HER Py 7 s Al R R LR B R A ) (T ARG . C2927, J& T 15 K Tk dk) . #MEEH
(UTMARAS: C5920). E4i) (ATARES: C1721). ARy HFT(17 AR5 C5951), KKK N—HKT
v AT, T (R EER A T b g G XU AR v (A T) ) (GB36600-2018) [3]9 K1l 43 1 28
TR

2o ) 4 o tR e R R KRG VT A, AR 1 FH e 4 e UG PP 4 R 5 00 ) (HJ 25.3-2019)
PAHBESE TG PRIt [a] il oK F[ah] B 6 FhHIRREIRR(E RN L. . Tt
BRI RN E A SR AR E LEORESTT R WMNESESHkE TR L ERESE .
WANENZSHRE N2 LHASSE D) T, 3T [E A 2K I [a, h BB R T B2 K7, Kk
[a] EEAN 2 I [a, ] UL TR R o S RS A 388 1.5 mg/kg. 5 (R IEFASE T i 15 F 1 395 e X
BB Fa bR e (IR AT) ) (GB36600-2018) M5 [ 5 — 2 FH i i b (L AN 25 — KM (B Lh A, Hah & H bRy e
VIR SRR AR, #E A rp 2R [a]eE . — 20 [a h B RS THE B2 5 H A A L3
2 HMES N 1.5 mglkg, PERLE 1.

o AT A X I - S PR AL M R A0 2% 2 B, 8 surfer B0PF SR Kriging Hfi VL2 6115 et & B 2%
BE&EE, BRHESLHEEEURE, S50 0, MERHEEEUREESIE, RERT 1.5m
DX SR SO A e, O 7 R AR B S T 0.1 A A, DRk, sEPR 3B U5 N 1918.44
m3.
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Table 1. Risk control values of soil priority pollutants (mg/kg)
= 1. HIETISEIM R IEHIE(mo/kg)

N AN RN N A B oo,
I e L L e L |
ﬁ:}fF[a]JtrE 151 1.26 15 15 15 15 15

TR FF[a,h] B 1.51 15 15 1.5 1.5 1.5

Ve G EAVEHE SR (IR R BT 39875 e KU E b v (X1T) ) (GB36600-2018)H 2 — 3 ] b i ik
AN HIME -

Table 2. Soil physicochemical property table
= 2. HIEBUMRR

PRI SKE W FREpo THEEpa E WAE LR LBE BERH BERH  AHR
1% dso (%) (g/cm®)  (g/lcm?) G Sr(%) €0 er (%) Kv(cm/s) Kn(cm/s) TOC (g/kg)
0.0345 26.3 1.94 1.54 2.71 93.3 0.764 43.3 4.60E-05 7.85E—-05 6.74

3. EERARELE

I TG ReR - BFRdE - 2T AR, RS R S BRI RS JR AT AR B EOR . X}
T TR ARARHEAT FELII IR 7 12 LA K% B AU B2 AR LR B ) EE R 8 i o 0 SRR RTT R AR N — SR T A A, 3
1o TR B S e i AR BELIT (75 e 3 KU T 8RB Ay S 52 A RS 2 o PR ol P s i 1 M, 359
He R M RIT A A 7 A — 5 AR o PRI bEae 5 GeilREAT A B A BOR AT A R B K

AR RS YLRFAE ST 5 e AT DL, MR T IEORTE VS e o 0 [a] e — 28 F[ah] &, L35 44R
JEAEHS 3.0m LA Sy s, Kfigs s, MSABONTIE, DA B4, BRI A U H s
Bb, HEBSHRREKR, TRERAK, ZEBEHIIAKIT AR, Ry aiE.

ALG G B EBORE B . L8 fesaetb . EYESEEOR4], BARILE 3 .
R BRI LR T LGB BORE AP MBS QERHIE . Tl TR HUBRIT A it LU A SRR 2K,
FEMGRIEENE RIEAR IS ZERTIR T, ARWETENEIR . G5F . BRI 4 = AN TJ5 s BL B R HoR AT
bk

LRERTEE RO R AksE . AEHE R R A A A USSR HE B AR B R A R A, BB
HFAWHCIEFFE L L AL AT ALk e A B SCRAEE , (HRERE. 2477 B IR PR AL B A
s A TREBNR R, 1077 A A S AR DRAIE P iR E PAHS PRI 25 BRBCR AT T, 257080 mT %
T TR, RIS RS B, AL FE L, T 2 BCA LS Rt s AR A B R
oK, R PAHS {5 Qe R R I S AL 2 A BOR

Table 3. Screening of remediation technologies for PAHs-contaminated soil
% 3. PAHs i5 R TIRRE SRR THIE

BRAEEL A SO [5] SRR e S A
& FHPE[6] EH TR, B BEL, TERT GHTER-E, WAMAMEZ. BTEX
REANERTE R RENERY, WAEAWESES G BE. 2k, —HF
BT EHTZEB RN EAVREBRENY 2K). B2S. MTBE (3
S e BUT REE) . S EAYIE
Hl. ZHFGRE KRG
KB
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sy SPRGHEE LA AL AN E AT Ak R s R KA RS TE
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HARBAE K G =i =

#RfEE t b3 H 5

Hhratt i i i

BRI F(E3~4 H) H1(3~8 /&) K[8] CHELLE)  HHEA)

BEME BERA[7T]  F(600~2000 7t/m3)  #(800~1800 yi/m3) 1ik(600~1200 yi/m3) H1(500~1500 st/md)
(ERIES GE G il =

4. MRS

IR 2 Hh B35 e W FE B AR T BB FE R A, /IR B SR Rk BE R B ok BE A SR T /N R IA S . 1K
T FEE R AE VI AE B R VI 2 45 SR P S e R [l IR B AR A UM T 5, BRI RIS e (a) OV
BRGSO T 5. SRARMTS e HERE 5 oh EARIS M 70 B B o 45 SR 4 PR

Table 4. Determination results of initial concentrations of target pollutants
F 4. BRRSERIVIERENELSER

WK P=tivi KRR PE H Y W (mg/kg) pH
HI[a]tk 7.8 10
TR XC1 15m »
TR IF[a,h] B 2.2 10
R XC2 1.8m K I [a]tE 16.6 8.69

Fi KA EARER B () H 3R B (XCL I XC2) A RNT IR, N TaHA)E, BiUmsE. i 5 BiF,
WEUFFRAE, FE BT T KR RAE . AN S5 SIFREL 7 43 50 g M B0y5 G TR B TREGI A, SR
%47 7 AT AN SE G - S BRI L3I 257, Se s CaO J A6, BEHEY 505 SR J5 U N NazS20s
Ak, BEPES), EHlIES KRR 5% A4, BB IER, (IR IR e B ARTS S
Ir[altl. Z2RIF[a,h] . pH ME, =ik BE L eRE G E R I [a]tE pH fE . X T IRy IR, )t R[9]E R,
RBEES 3 R IEMREIR R R, 7 RS IRBRIAEAHFEE 4, 3 RABAETY M, A A KOS A i
RINE R Z 305 R S E R R, 2~3 RO F B BL[10] [11], ZEAF A GBI RACR . 476 SCBRIK
i, WEFRY 3 Ko EFPUGHITIRAIRI - BK - WR4F - 150 - @B J5, RASAE G - Bkt
MR, IR T7E W 5, Kgh B ILE 6 iR,

LREE IS AR S AR IE R, KRR, SRR 2.5%. iEAL AR 2.5% 1% 5L
T, S BRI [ A R [a h IR FE BRI R E BAME DL T s ik B AR & 5%, &
BN E R 5%IEOL T, ARG R I [a] BBk FE PR BB 2 HARME LT
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Table 5. List of sample testing methods
< 5. MmN E—RR

for 5t H VAR IWARES BE-EAS WM osllIES K HH R A7
HJ 962-2018 -3 pH {& .
pH . pH it PHS-3E pH / /
ot HJ 834-2017 L3RI o T I [a]k 0.1 ma/kg
PRI i SRS goonser7e
U - (GC/MS) SHIFRE 01 malkg

Table 6. Formulation ratios of reagents and test results of the lab-scale experiment on contaminated soil
F 6. FERIIF/NMAIREHFIEC L LK ER

AL EIEMS  CaO WRINELE]  NazxS20s 70kl pH I [a] 2 Hf[a,h] B

1-1 0 0 10 7.8 2.2
1-2 0.50% 1% 8.36 6.5 1.8
1-3 1% 1% 9.44 5.2 1.6

RIRE(XCL) 1-4 1% 1.50% 8.86 4.4 1.3
1-5 1.50% 1.50% 8.71 2.7 0.6
1-6 2.50% 2.50% 8.68 0.1 ND
1-7 3% 3% 8.82 ND ND
2-1 0 0 8.69 16.6
2-2 2% 2% 8.72 10.5
2-3 3% 3% 8.75 6.1

R EE(XC2) 2-4 3% 4% 8.72 3.9
2-5 4.50% 4.50% 8.69 2.8
2-7 5% 5% 8.8 0.2
2-6 5.50% 5.50% 8.74 ND

B BARF AT S PAHS [ B FL A3 i /N DI B A [12], 3k 3122 By G i) B 1,
S EAE SRR S A R R 28, FEAS SRR S D B = R . R, N AR e DA
HEPRIE IR B A P M L3S e KU B AR E (R T) ) (GB36600-2018) -5 R M A WL 4= 248 h5 . #5045
Fo, NSRS, CPIERMEENE TR RS nr A AR T B 22 5, BEEBRERSS
R IRTG G SERMEE P RNOINGRE S A RS I I, Ak AR R 5 253 7 AU R IR
15 5B .

5. g ARt

A BRALL R A S AL 22 A A LTS e H AT B R, R Ak e LRI E RS, AR
MBS HOR BRI 1 FTR .

51 BRIMEE, KB5S

KABHUMEZIAL) L, N TSR AT 542 . ARIE A 2 ) 34, A 248 HLox £ ek
ATYEI 2 X AT A, THA2 0075 Qe H R R YRV S B R tE(IRIR R IR I Y THE R, 15 3T
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Figure 1. Remediation technology roadmap
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FIf[alel. — A IF[ah] AT RPEEE . RANIS ) 72 thizik BB R X, JFor XHER 2 CLge i 6 12
EWT X, FFB sl AT HRE RS IE G TR RN E T, 54
PRI S A% Ja HEAT [

5.2. HIREFSEGEHK

AR FT AT A B M S a5 5L, HhB Py e R KHEVR Ny 0.826~1.678 m,  7E - HF 421 F2 v T e id 2 b
UK, [EIE I AT R IEAL TR SR, Dk, TR EERE K K, AU A LA B TEACIR
Ao RAUEHKERRIETTN UK, EETU RN EIE . 8K, EKHF, BARBEREL N
(4R 7K 3 AT AE AN K BT 5T o BESTFEHEK USSR Ja AT A I, ARSI 5 n SRR I (V5 7K 8 G HE R 1 )
(DB31/199-2018) = ZihrifE, Zi#EE. VU ENEHR. AR, FEIUREKE TR — R U N
BEATALEE, AbEREAR G 9V HE

5.3. ARG

2GR 0~3.0m JEH N, LR ZNZIHEARE L, BExF 1.5 m DU XSSCR RO T2 .
B e AR AR AR MK IR, AEHBUAR B K IR AR B BN (K220 20 m, VRTE 6.0m, BEIXIHIREZ N 3.0
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6. &

ASCERS S PAHS {55 HIREITHE L, IEBUR L2 A BRI N EEAR, BXIAE PAHS i35
QBRI RALZGFIRCLL, R E BB EBORILS], Jhtbdis g BB R 07 RITHE AR MR A
BR$E T BTAT R/ NURE CRARN ., e, HBEER. SHKE TR, EXRER
R FEATRAE AR R EIT R, il N B AR R th ARG R AFTGRIREE, R
VIR B PAT, AR kel RAHRLE B G RIREE, #E—PI T S48, T B BRI AR
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