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1.1 #REXEUR

TGN TS MR TR, HuZ AP LU, K3rh 4 12 ATHLZE . B2 oY
A2, AR P XM R KK AR R A 30 m 24 . KIS /KZ 2RISR, AR B0
T, BiMEE 30m A4, BB R 200~350 m-d ', WFFEIX S HLE ALY 3x10° m?, FE N LA
b, GRS LT BRYT L AR SO R R 1 ARSI, 2009 AR S EANLE S
7=, BRI SRR C R . BFSE IX PE M ARIE R T4 PRI 1 S BRI A, dnd
T 20 tHAD 40 4E4%, DIAEFNERN T, AEMIE 1 540x10% t FET R EB0RK Tl Ak IR K St s RAR-
TREETTETEE, 2005 AN ST
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FRPEIFFEIX S Tolb Al ) XV A7 P R RSB SR 00, SR FHFIWA s+ A i i, A7+
S SRR . AN 244 A, SREEHHERES, 488 N, CRFEIRE N 0~2 m, A LAETR
£22, B 12 0~1m. 522 1~2 m. REESREPFRFHRERGE O RGOS RS PR . SRS
FBAEAE 250 mL FREEITESHA, HUEALE 4 °C 50 BB RURAERFINCY . ABFGE 0 T 7 Fh PAHs, U4
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Fig. 1 Schematic diagram of soil sampling points in the research area

1.3 #NEE
AWFFTIME H 3 7 Fh PAHs Bk, RA (EIEMPUREIE K& A L B 2 SR - i
%) (HI834—2017) .
1.4 TEFNTEE
WD LR BB e — R S B BRI N — R B A R . SR A5 YR B T A T
YRR AR E, PTRAZ TSI IR PAHs AOTERNY, TR AR WA (1),
2 4p?

P — lave imax 1
s M

K. P A3 PAHs 15 2R G485, mekg's P WA REFSEEEBIE, mgkg's P AT
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H R FI5 YR R E, mgkg '

HR 4 N A 2 2555 G e BOTAN 45 Ff IR B O 0 A Jois gy (P<0.7, 590 1) | Biis g
(0.7<P<1.0, %40 ), BBE5Y (1.0<P<2.0, %490 1) . RS (2.0<P<3.0, %49 IV) ARG
Yo (P>3.0, S5 V) 5 AR,

AWFFERHATT (a) R YR58 PAHs AR SRS EERE . 20 TRE ] WAEFE i
FORAEERES T PAHs IUE0EE 1, iHEAKIE (2),

TEC=C,xTEF;, (2)
A P: TEC, iy PAHs Bk i (959 (a) BEZFBOKEE, mgkg's C, 4 PAHs B i BYEREEA 5 AP i o vk
B, mg-kg™'; TEF, 5y PAHs Mk i (OREH2S &7, Joad.
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P, BRI R AN X A I5 Yl K e B, BTSN ES% HI25.3—2019 SN S
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1.5 BUESh

K H Excel2017 BRI TA B S0, SR SPSS19.0 X} PAHs it kA TiliiAEgc T, *H
Person S TR, RTNHER 2 GH8 50 . M2 w1 PAHSs SR T, R
FH Arc GIS10.0 849 Arc Map ¥ & #4745 0] 52 5 28 vk BE A {22 119, SR A PMIF K145 0 1 47 + 1
PAHSs G M TTHRR T, R ATE 4 XU DA B 2 A T AR XU P 155

2 HRSE

2.1 PAHs REXRERAMST

SHFFEIX. 488 At HERE AT A ESE T M (36 1), 7 Fh PAHs BRI o 7 BOS MR T 19108,
PREE . WERERIRT 0, ARG, 7 FF PAHs B EEIER/NT (A i s I 39805 e XU
BEbaE (GR17) ) (GB36600—2018 ) H— IR, ViR LIS YA . Bk Bkf, Chr b, 4
S AEAE bR, 5 PP PAHS B R T i vk BE S L R 27.80~63.30 mg-kg ', BRI 4 IH 3.48%
4.51% . 2541%. 1.43%. 6.97%, FIHEAREEGHIR 7.96. 9.89, 83.18., 10.51, 49.55. 7 Fl PAHs Hif&
D=7 1 2 NI NG ) e [2] E W= R Yk o (| O S 1 e At - Gy e = B e
s, R85 (CV<030) . FELF (030<CV<0.50) . HmAER (0.50<CV<1.00) . iR
(CV>1.00) . 7 PAHs 285 255 . Daa>Inp>Chr>Baa>Bap>Bbf>Bkf, ¥IAT 1, HEsate, it
150 S o] 1 =134 0 N €22 { D N 7

1 IR PAHs RERERAR SR 2

Table 1 Descriptive statistical analysis of soil PAHs content

B /(mg-kg ™)

PAHs  HEAHUA PfEAmeKe ) RIE  WE BRRN ME(mgke )
BUME MOk M b

Baa 488 ND 49.30 0.88 0.20 3.18 9.90 127.22 3.62 5.5

Bbf 488 ND 59.90 1.31 0.30 4.27 8.53 94.26 3.26 5.5

Bkf 488 ND 14.90 0.52 0.14 1.48 6.68 52.20 2.87 55

Bap 488 ND 46.30 0.84 0.20 2.99 10.00 128.88 3.54 0.55

Inp 488 ND 63.30 0.72 0.10 3.36 14.78 258.33 4.66 5.5

Daa 488 ND 27.80 0.25 0.03 1.45 15.47 276.62 5.81 0.55

Chr 488 ND 54.80 1.00 0.20 3.70 10.16 126.32 3.69 490

22 HEXMSH

AR AT AT ST S S A AR AR, YT PAHSs RN HAT —E e S B X, TR
KRB, MRPICR ARSI, XHRFSEIX. 7 Ff PAHS Bt BEHETT Perason MM (WA 2)
gELZEIH, Baas Bbf, Bkf., Bap. Inp, Daa, Chr i [BIfFAE R IEAIE (P<0.01) , BiHI4T5YL2 1A
HAEBRNEAE SRR, Hd, Bkf5 Inp, Daa MHCREANEAL, 4354 0.724, 0.712. 7 Fl PAHs J&
4~6 I, F5r TR PAHs TS SREAR, MoK AL 2250 Kow FHXTHe 2R RN, B8 50 TR e £ 35
UL/ R
2.3 PAHs TFNFRKITETE D

XTHFSEIX 7 Fl PAHs 488 > HIRE S TS SR A TS Y850 155, ARIEAS s A R TR XN
MER i TG e de s M A 2] (1B 3) W, sem b, RIZHHE 0~1 m PIMED 25475 Y38 SO R
0.014~61.855, Horpr, B2fisye sk b By 7.38% . BREETS YL ARG BN 9.84% . R EEIS YL AR
d BB 3.69% . T TS YL S A BOE BB 6.56%, N2 3 1~2 m N HE R LA 5 Y8 BOU L A
0.014~19.063, Hrhr, BRfisye S h B 6.56% . RIS YL S AE S BN 8.20% . R EEIS YL AR
HEEY 3.28% . FEREETS YA BAU 6.56% . MR LORE, RZTESREE ST M2, FER
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Fig. 2 Perason correlation analysis of 7 types of PAHs in the soil of the study area
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Fig. 3 Spatial distribution map of soil PAHs Nemero index pollution index at different depths in the study area

X AN Tl AL AR 7 Reas i R L A i B B R T S IR i PAHs 1524, TR, AREkA
VIS LB HEON B MR R R ICAH S HE ™ E A PAHS DI 2 T-R2 13, m ks S i TBmE T
J=LEE, RECRNFEIXENAIFEEE R PAHs 1554 AKF L, 15 JLRBCEE XS 2 M 7eiiid ) | Rk iES
KIE I 0~1 m NIBB AT YEEETEE 308 0.066~61.855 & 0.066~20.240., HAt XA 1A [RIFLEE Y
TG, AR A YL

M7 B PAHs B RS IX ARSI, SRAIRIT () BEREESFRCY S 1% (TEF) 1153118
H PAHSs B4 5 (TEQ 4, ) P21, TR PAHs FRARLEYIRREEA A, Xt +3Erh PAHs py#EHEE
18—, WHFEIX 7 Ff PAHs S TSRS E5 R R 2 K& 4 PR, 7 2N TolkAnkig QTE {65
Wk 0.917, 4414, 1.147, 5.629. 1.327. 1.830, 0.545 mg-kg ', BRI SHBORIME>H g8 > ML >%k
I >N RS R S WS LR AT AR RS A (8] 3) AFREEESRARML, B Bk
IS R, FE S EUEMERIRAY Bap B Y MR RGO, Hrf: BT RZ 11 0~
1 m, FJ2+HE 1~2 m By QTE,, fH43 14 2.379. 0.738 mg-kg ', Bap #2455 43l 54.65% .
57.84%, HEMESFRZHIE 0~1 m. T2+ 1~2 m (1) QTE,,, (HAY 3 1.445, 1.344 mg'kg ', Bap #ilk
MR 60.61% ., 66.21%.
2.4 BINFRFKIRIH

L PMFS.0 B9 X 3 i i AT PAHS SRS, 1531 7 # PAHs B9S2 RIE A+ (F1.
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2 7H PAHs SMHLERE
Table 2 Toxic Equivalent Concentrations of 7 PAHs mg-kg '

FUNT A A
PAHs N
AN RORESE  YBRDT O BORT WmHLUT BT o
0~1 m 0.033 0.149 0.046 0.270 0.032 0.072 0.023
Baa 1~2m 0.018 0.116 0.044 0.087 0.051 0.044 0.015
0~1'm 0.042 0.253 0.056 0.338 0.042 0.125 0.052
Ber 1~2m 0.024 0.192 0.057 0.116 0.086 0.083 0.020
0~1m 0.003 0.011 0.002 0.010 0.004 0.003 0.003
BKt 1~2m 0.002 0.008 0.002 0.004 0.004 0.003 0.001
0~1m 0.350 1.445 0.337 2.379 0.305 0.625 0.239
Bap 1~2m 0.186 1.344 0.353 0.738 0.561 0.556 0.102
0~1'm 0.032 0.112 0.029 0.258 0.031 0.047 0.027
top 1~2m 0.017 0.087 0.032 0.065 0.038 0.044 0.017
0~1'm 0.130 0.397 0.094 1.067 0.071 0.110 0.021
baa 1~2m 0.074 0.270 0.086 0.254 0.093 0.107 0.021
0~1m 0.004 0.017 0.005 0.031 0.003 0.006 0.003
Chr 1~2m 0.002 0.013 0.004 0.012 0.006 0.005 0.001
&it 0~2m 0.917 4414 1.147 5.629 1.327 1.83 0.545
F2. F3) , 15 3 FokIEK 7o oamk b6, 25 S5t 0o m
RAE 5. FLEBCRIER) 48%, X Bbf, Z21~2m

Baa. Chr, Bap FUTTERZESIN 67.95% . 157.32%
55.21%. 51.59%. FH, Bbf, Baa, Bap 554¢iH
IR P, Bap RIS /R SR, Baa
Chr 2B, I, FIAERA R
BREEVR . F2 5 EORTRY 42%, X Inp. Daa 51
kAR5 90.69% . 85.40%. WFFEHEH . Inp. ‘
Daa & FIHER AT R, B, F2 &S 7 ]

TEC/(mg-kg™)

BHFHCOR . F3 o ERTERY 10%, X Bkf. Baa K R

TR BN 52.85% . 10.65%, HEWTATRE ST . i Sl
TR R B ot
TR S TR KR ST R, ' S PAHS in the study area
WX =3 PAHSs A3k 27907, R JFAREZ 5t
InERE AL R BRI 5, AEAERT TS AR PR PAHS V55 T AR B, F3 ARZEHISEX A /NI
A FHERER, AW Bk s B Tl shberb 38 PAHs EESRIETALABVEASER . &2
SHEHOR A SR, A =i v, OGRS Eehilibeid Firh PAHS (R,
Wk DL - SRS A TS Y
2.5 AAMERXUE Y

KHH 7 Fl PAHSs 15 R)2 B KA H R B E AT X 1R ek B, # IR — R b AR 1
B ORARILE ) BT, SRR F B A DAY I K B 2 s e+ . A
TIHER) 3 FhiRARR0 ) £544144, Baa. Bbf, Bap. Inp. Daa 5 #l PAHs {5t AR A e XU
i XS HIE 1.0x107°, Bap X AMAREIfEHEE S0 XS AR rT 12 KA 1, FEXHX 5 RS Yyt &
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Fig. 5 Contribution rate of various factors to soil PAHs mass concentration-based on PMF

2. Hr, Bap BUEKE A, Bap ZMHRATGY I8 Rk B2 15 YL 1A B0 R KSR K
SEHIME, 430k 5.92x107°, 2.46x107°, TTHERFESTHIH 69.88% ., 29.05% o HIK Daa 8 A5 Y+ 458
B IR B A e )25 U A B0 A XURS R I KSR HIE, 400l 3.55% 107, 1.48x107°, BIRkZH4H0
69.93%. 29.07%. EiANKTFE, Bap>Daa>Inp>Bbf >Baa, UL, ZEEIFEA R RBEAEAMIZT X 5, PAHs Xf
NN ) F R TR AE, WA IR ] Z08 AT Bap X ARIMEFEESIEN: 9.86, A +1%
ORI A RO AR N 5.63, TTHRRA 48.52%, AT A fEE R0 XU i Hes2 XUHE 1. X R0
HiHR PN S AR A B, I iR fe S W e XUS A0, SR HI25.3—2019 € s FH b 439875 L AU 1T
AR N ) TSR, 2HHARE /N T RZE 0~1 m +3Erh 7 Ff PAHs AARERERS:, UK 6.
7 FAF T AME B AR R RR BE S0 U . BORES o R e XU S A EB0m XU o ™, ek
R SR LI27

N N
j (map i) j g
WA E CIE ) WA . AR
=T i) =T
2 K SRR T2
=l =
bl bl

Hom MR B[ ey ovd
o AR o AR
° 0.000 001 ~0.000 01 °1.0~3.0
© 0.000 01 ~0.000 1 0 80160 ©30~7.0

©0.000 1 ~0.001 m ©70~100
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6 WMREAFERTI I FETIED PAHs A MRS ITG

Fig. 6 Human health risk assessment of PAHs in surface soil of different industrial enterprises in the study area
3 g

1) WI5EIX 7 Ff PAHs B R BERIER N T — 2RI (E, BATS R AR, 7l PAHs 2785
P, sgesTa] RO, AT 7 M PAHSs PP Z 775 B 5 TEADG

2) MR SRR TG QAR Bk . T S R EAT R PAHS WA, ) b, RIZLIE (0~1m)
PAHs 15 RRER T MELHE (1~2m) o KF L, AR AT RR R . B >HORHE >
) B TSER > ASS )
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3) SRH] PMF BRPEXFIETEIX A3 PAHs ZEATFEOT, DFEa s t3Erh PAHs F2ORIE T AR

PRBETR . ASEHBBOR KA B B, TTERR N 48% . 42% . 10%.

4 ) Wi AARAEFER P15, Baa, Bbf, Bap. Inp. Daa 5 Fl PAHs 5%t AR B SR XU

AR RS HIE 1.0x107°, FREXNX 5 FG Y risa . Ry . B B30 XU R AR R0 XS ek
FERE, BRI SN LI27,
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Distribution, sources, and risk assessment of PAHs in the soil of a remaining
site around a steel enterprise
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Abstract  This article took the legacy plot around steel enterprises as the research object, collected and
determined 488 soil samples, analyzed the spatial distribution characteristics of 7 types of soil PAHs, quantified
the pollution level of soil PAHs, used PMF to trace the source of soil PAHs, and conducted human health risk
assessment calculations on 7 types of soil PAHs. The results showed that the average mass concentration of 7
types of PAHs in the study area was lower than the screening value of Class I land of GB36600—2018 Soil
Environmental Quality Risk Control Standard For Soil Contamination Of Development Land, and the overall
pollution level was not high. 7 types of PAHs exhibited high variability and were subject to human interference.
There was a significant positive correlation between the 7 types of PAHs pairwise. Soil PAHs pollution was
evaluated using the Nemero comprehensive pollution index method and toxicity equivalent method. Vertically,
the degree of PAH pollution in the surface soil (0~1 m) was higher than that in the lower soil (1~2 m).
Horizontally, the pollution level of different industrial enterprises showed: model plants>coal storage
yards>electrical plants>motor plants>plastic plants>bus stops>thermal plants. The PMF results showed that
PAHs in soil mainly came from fossil fuel combustion sources, transportation emissions sources, and corporate
emissions sources. According to human health risk assessment calculations, the carcinogenic health risk of five
PAHs pollutants, Baa, Bbf, Bap, Inp, and Daa, to the human body exceeded the risk control value of 1.0x107°.
Therefore, it was necessary to remediate these five pollutants. The carcinogenic risk and hazard quotient of coal
storage yards and model plants were the most severe, with the maximum mass concentration point at LJ27. This
research achievement provided technical support for the remediation and treatment of PAHs contaminated sites.
Keywords steel enterprises; main road line; PAHS; source; risk
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