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B E UALEXRAAMIGHIARRER, XET 18 MFHEE,4NLE, £ 95 ML
S FE S GC/MS 43l T 16 #F PAHs, AHF% £ E 44 PAHs £ %7 # % 2 (0~3 m) +
B OATRAE R A LR T P WA AR, R R A A BUR R BEAT T AR,
SRLW . % EFIEYPAHs 5 E K 0.13~553.5 mg - kg™', 15 67.0 mg - kg™, fb3 & /A 7
Ao [ Bl R EAE S H PAHs 4 B A H ;0~3.4~7 m £33 E PAHs AR 4 31
F£,8~11m +3 Z PAHs IR 2~3 A h £, FP R ZF o0 0 £E A & PAHs IR E
FHEERER TR, Z R NELREREART 16 m 178 & &K EH PAHs, HRIE K E
(EEFTEMERZ R AN LIE T L ANE EITE) ,BaP 3% F M W — K 3 1% F 3 fF % 1E 60.6
5, BT R R, 34 ILCRs 1 4 9.6x107" ~7.2x107° | B A i 78 3o %,
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Pollution status and risk assessment of polycyclic aromatic hydrocarbons (PAHs) in soil of
a large chemical engineering site. ZHANG Yu', SONG Guang-wei*’, LIU Hai-hong*’"
TIAN Yao™®, WANG Jing”*, DAI Zi-jun® (' Beijing Construction Engineering Environmental
Engineering Consulting Co., Lid., Beijing 100085, China; ’Institute of Geochemistry, Chinese
Academy of Sciences, Guiyang 550081, China; *University of Chinese Academy of Sciences, Bei-
jing 100049, China; *College of Geography and Environmental Science, Tianjin Normal Universi-
ty, Tianjin 300387, China; ’ Tianjin Key Laboratory of Water Resources and Environment , Tianjin
300387, China; °College of Environmental & Resource Sciences, Shanxi University, Taiyuan
030006, China; 'College of Urban and Environmental Science, Northwest University, Xi’ an
710127, China; * Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences ,
Beijing 100085, China).

Abstract: A total of 95 soil samples from 18 profiles and five soil layers were collected from a
large chemical engineering site in northeast China, with 16 priority polycyclic aromatic hydrocar-
bons (PAHs) being detected by GC/MS. The concentration, spatial distribution of PAHs in sur-
face soils (0—3 m) and the vertical distribution across soil profile (0—16 m) were analyzed. The
potential risks were assessed by the model of incremental lifetime cancer risk (ILCR). The
results showed that Y, PAHs in the surface soils ranged from 0.13 to 553.5 mg + kg™', with an
average of 67.0 mg - kg™'. The X PAHs concentration was relatively high around the chemical
company and the thermal power plant. 4-ring PAHs were dominant in the depths of 0—=3 m and
4-7 m, while low-ring (2-ring and 3-ring) PAHs were dominant in the depths of 8—11 m. The

> PAHs concentrations decreased with increasing soil depth in the undisturbed soil profiles,
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while relatively high concentrations of PAHs were found at a depth of more than 16 m in the dis-

turbed soil profiles. According to the Soil Environmental Quality Risk Control Standard for Soil

Contamination of Development Land in China, the concentration of BaP exceeded the value of

soil environmental quality pollution risk control standards for class 1 construction land by 60.6
times. The results of health risk assessment showed that the ILCRs value was 9.6x10™"' =7.2x

107, being potential carcinogenic risk.

Key words: chemical field; polycyclic aromatic hydrocarbons ( PAHs) ; soil profile; health risk

assessment.
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Tkt + 3 b PAHSs (75 Y RRAF K fe R X
B 5k e B G, RS R WY, Mafk) R,
BT AT AR X IR A 1 4 PAHSs V5 YK R,
U4 (2009 ) X % s g k) 4] 1 PAHSs 75
POROHEATRIE S, K AR AL R A 428 19 PAHSs 4
A ELAT B A 25 001) , B TR ) W B i, PAHs
BERARAERZE T AR AR A R 2 AR )Z 1
Herh PAHs F 2 Yk B HE 5 YKOF SR HEESE (2018)
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A SRR K A R XU I 5, R BB AL T IX i, +-
Herh PAHs 7 ilRAI%, FLEEEESE(2018) X K v
+- 3 PAHs B4 A AF B KU VAR HE4T T ST,
SRR, e PAHSs 40T 5 V5 YLK KUK T
fHEE R BN, U B PAHs S5 Yy 3 T
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Fig.1 Soil sampling sites of the chemical plant
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519 16 F PAHs( X PAHs) : 2% (Nap) . J8 4 (Acy) .
J& (Ace) Zj (Flu) JE(Phe) (& (Ant) Z¢E (Fla) |
BB (Pyr) HIF[a] B (BaA) i (Chr) FEIF[b] 2K
(BbF) A [ k] 228 (BKF) HJf[a] £ (BaP) Ffi
FH[1,2,3~cd]E(Ind) , " [a,h ] BE (DBA) F
Jf[g,h,i]3E(BghiP) ,
1.2 ARSI

S E O ke, U B LR AR AR gL
Z I T71E 16 PR G PRI (2000 mg - L™') 4 Ac-
cuStandard 23 7] A= 77, 5 FP AR PN bR T U Z5-d8
(Nap-d8) .JE-d10( Ace-d10) 4E-d10( Phe-d10) -
d12( Chr-d12) FIEE-d12 ( Pyr-d12) , JTC/K R BR 4H Su-
pelco A FIAE | [BAHAE BUNME CNW A A7, %
SEG T A EB s A4 DL 109% (58 BR PR IR0 24 h
PLE, FHAKETE T TOKERRR N DI A A
i ARG S B 450 CHEhl 4 h,
1.3 HEAhRTAbEE

KAL) 1 ERE S AR VR TR T, B A
ik MR RS Z AT I i 100 B 0, AR TR
e

HERRFR R 5.0 g 2L 01 T4 5 1) T IEFE AL 3.0 ¢
Jo/K Na,SO, TES LA Ui 200 pL AR AR 7R
% (Nap~d8 Ace ~d10 Phe ~d10, Chr~d12 Fl Pyr~
d12) , B A 25 mL G H be, FH MR B TR
(SB25~12DTDN) #E47#E 75 A H, A5 3 Wk, & F 3
AR WO I e 4, B 0 5 390 Ol I © e, 3 CNW
HC-C18(1 g + 6 mL™") EAHAE BN L , — S e
Vel e i, Feia R M IE ke, A E 1 mL F#
1.4 FESITHT

HHERE S PAHs SR FH AR 0 3% - X (Agi-
lent GC QTOF) 72, & F WA EI UK, L F8EH1 70
eV, B TR N 230 C ; s s e A PR DU AT
LR (m/2) 35 ~ 500, 5E w40 #7555 1 4
(SIM) , 1538 L e, 8354 4 (HP ~ 5MS, 15 mX
250 pmx0.25 pm) . DA Ei S o 8UA, o 1
mL - min™', FHERFRT ARG 70 C, fREFE 2
min, SRJ5 LA 18 C « min™' L E LT+ E 140 °C,
PL12 °C - min WY ER T E 240 °C ,ﬁ:‘% 1 min,
LA S C - min™' By R L AE] 280 C PREF 10
min,ziﬁj\?lltbiﬁﬁéo
1.5 JliEfRuE 54l

S T FRORIE TS 1 T s ] B 10 ASRE N
AN E A AT, Feh Nap-dg B ISR Sy

66.5%+2.5% , Ace-d [ [FTICR R 75.5%+7.6% , Chr-
d,, BT R  80.8% +10.1% , Phe-d , B4 [81 i % fy
82.2%+12.2% , Pyr-d,, I I 73.2%+11.1%,16
Fl PAHs B 525 AR EHICR A 70.3% ~ 100.9%
FEFANFRECR A 61.2% ~ 105.2% , J5 WK 0 BR
0.021~50 pg - kg™, JrA 45 WA Zead 25 ([ ARl
RKIE

1.6 Zdiaaba

fdi ] SigmaPlot 12.5 . ArcGIS 10.2 #AFAER 4R
Pafir == PAHs 1 HER AL 2 19 45 20 53 55 1 >0 5 [
T PR R R R Y R A,

TEQ,,, = Y, C, x TEF, (1)
K. C IS i A PAHs 4143 i (mg - kg™') , TEF,
KER i A~ PAHs 2H 43X 7 ) 7 24 i R, dE Y
HHEFFE 1R,

4% USEPA 77 H0 PAHs 2% B 508 KU A
751 (Wang et al.,2011;Zhang et al.,2015) , %%
Hb -3 16 A PAHs AT e XURS PEAR 42 B0
KBS (ILCRs ) =2 PR, PAHS il i B 442 i | iz JTk 2
fi IR 2z e 3 A AR JLEE AR N TR B0 K
K (Yin et al.,2008) , AT .

ILCRs 350 = CsX ( DSCF X (70] " XSAXFEXM%
RAFXEFXED/BWxATx10°  (2)
ILCRS 14540 = Cs X ( SCSF X (70} - XIR X EF x
ED/BWxATX10° (3)
ILCRs gy gy = Cs X []CSFX [70) 1/3] xR, X EF x

ED/BWXATXPEF (4)
K. DSCF . 28 Je IR BUE APE A F (mg - kg™ -
d™") ; SCSF: B #: 8 i BUw BRI 7 (mg - kg™
d™") s ICSF : ZEWFWR 4% fi BURE AR K F (mg - kg™' -
A7) IR s R L LR (mg - d7') s BW: R T
(kg) sS4 KT (em®) ; FE - 285 T e B ik
TR by M - - R A & ) F (mg + em™) 5
RAF : JZJIRME T EF B EE WA (d - a™' ) ;ED 2
%@@Z(a) ;AT:ﬁﬁiﬁ(d) ;IRai,;ﬂ¥|]ﬁiE§‘3(m3 .
d7) ;s PEF . RIEAHF(m’ - kg™') .

2 #R5iT8

2.1 HE+HiP PAHs 43 FidR
B A5 50 T = AR o ARSI Y A PAHSs A 1Y
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F1 HitiRE 1T PAHs SERITEMRME (mg - kg™')
Table 1 PAHSs content and pollution status in shallow soil of the site
ity EZ843 X I X X HEHH YR B
hL A{H o h ol ArH BIE 2 TEF
Ace 3 ND~0.39 0.26 ND~0.54 0.20 ND~11.2 2.7 - 0.001
Flu 3 ND~0.23 0.22 ND~0.97 0.58 ND~18.2 5.2 - 0.001 -
Phe 3 ND~2.00 0.89 0.02~4.6 1.30 0.31~124.5 32.0 - 0.001 -
Ant 3 ND~0.53 0.30 ND~1.70 0.81 0.04~29.4 7.5 - 0.01 -
Fla 4 0.41~3.70 1.50 0.04~8.2 2.30 0.42~102.0 32.2 - 0.001 -
Pyr 4 0.26~4.20 1.50 0.03~7.1 2.00 0.32~86.9 27.8 - 0.001 -
BaA 4 0.13~2.50 0.90 ND~4.5 1.40 0.11~31.4 11.8 5.5 0.100 16.7
Chr 4 0.13~2.10 0.84 0.02~4.70 1.20 0.13~28.4 11.0 490 0.010 -
BbF 5 0.19~2.10 0.94 0.02~5.60 1.40 0.20~33.7 11.9 5.5 0.100 22.2
BkF 5 ND~0.72 0.42 ND~1.70 0.60 0.10~17.6 8.9 55 0.100 -
BaP 5 0.13~2.00 0.86 ND~5.20 1.60 0.13~33.3 12.2 0.55 1.000 44.4
Ind 6 0.11~1.30 0.64 ND~2.60 1.10 0.07~19.6 7.7 5.5 0.100 16.7
DBA 5 ND~0.37 0.22 ND~0.17 0.17 ND~2.9 2.3 0.55 1.000 16.7
BghiP 6 0.13~1.40 0.69 ND~2.80 1.20 ND~18.4 8.8 - 0.010 -
> PAHs 1.70~23.60 9.7 0.13~50.3 13.40 1.92~553.5 177.9 - - -

INVRE (0~3 m) 18R PAHs K HY ok B Y05 N
0.13~553.50 mg - kg™ ', ¥J{H 67.0 mg - kg™', HHA1
X Y PAHs %} 1.7~23.6 mg - kg™',II [X ¥ PAHs
4 0.13~50.3 mg - kg™' 11l [X. 3, PAHs & 1.9~553.5
mg - kg™, JIXPY 3 ANXIRERE - Y PAHs R
XIS X, 2 RS PAHs & i
AR S5 e s B BRAE TIT DX 14 5B A5, 17 1T X 10,
12 5 4% 5 PAHs & &2 M XM 14 SRR SR 2
PAHs &3t /& 10 S H mi7R )2 PAHs &t 4257 1%,
FER 14 A FIE T Fbai fhA A] 52 HSg izl 3
JZHHE PAHs S EAGE, I IXAEES 9,10, 11,12 ¥
JZTHE PAHs &A%, vl e T I X E2H
J SR I A ELTG Tl AR 7= 8, AN X2+
Herh PAHs 2R 54 A4 R TEA R (5
1555 ,2009) .

ZT 7 5 PAHs &2 KT X BeZE (2013)
W4 7 PAHS [ 0.01 ~4100 mg - kg™, &
THBW KL THEX - EEHRIFIE 2.7~3.4
mg - kg™, R T ORHHEN Tk X 4% PAHs (1 0.07 ~
6.0 mg + kg ' (ZEFHEE 2008 ; FRHEZE 2018) .

2.2 3 PAHs T ELIRE AR FHIE

KoM — IR 2 3 PAHSs /AR B0, B0
FEA S0 S 2 E N :0~3 4~7 8~11,12~16 m,
K2 iz Ab T X 18 A~ 481 h X PAHSs 1 F A8
IR, 1 2 AT %0, Y PAHs FE H M 22 50 8,
R 1.2.5.11,15 /) X PAHs 3 154315 52 304k B

R S 5 IRk T ] T XA RTE 0~3 m R
PR 4~7 m £ 11~16 m Z[Z#Hi#ET
%o FERU3.9 .12 T B4 A FEIE R IR - Jeimis 1 1
AR ) T IR AL 3.9.12 /Y PAHs
TETE0~3 m RICHB A FE4~7 58~11
m Z [ AE 8~ 11 5 12~ 16 m Z [A] 3 b N
F,MES 6.7.8.10,13.14.16,17 .18 1) Y PAHs
B ARER BB B> T, a4 2
IR A] T HARAE SRR % 8 PAHs & 7E 0~
3.4~7 8~11 m Z[AZ WL MAE8~11 5 12~16
m Z ARG, 7R RIEIREE N 4~T7 FI8~11 m Z
], 13 PAHs AR bR B

SR, PAHs 18 4 B /K A ALY Gy 3 2L 0k
W [+ 338 A 19 7 LR 52 B A A2 ( Richnow et al.
1998) , £ A ARG OL T % 2 1 398 o 0 IR A FL Bt
AN SRFI TG Qe S /L, 8 AR R IR
( Cousins et al.,1999;Bu et al.,2009) , T I 1L III [X
5 PAHs 3 43 A R IE 45 5, T e Hizfb T i)z
PRI OGRS AN AT A5, 2018 ) e 7 hb + 3B A7 ¢, b
TR S B G A T A AR T D - R B
TR 5 s in 5 O X A R kA R A
FIREIR . AR Z Tl ) XH g 10 T X 43588
AP s 10X 32 B A ST A T
X SRR R L) X5 BRI A 18 3 i v 6] 448
ok, +HZ 2T HIME0~3.3~7,
8~11 m 4% M B A e %) X - 7R IR
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Fig.2 Vertical distribution characteristics of total PAHs in soil

EREAEEZ AR
2.3 MR SARHE

Fi2 8 PAHs B BN R R 5 R AR (2~ 3
) R (4 ) EIR(5~6 FF) . Fl 12~16 m BdE
TETERR ZRAG B, A% 0~3 4~7 8~11 m =
2 RIEEAE AT 0T SR AN 3 R,

X BT A FE G BIR)Z (0~3 m) 14 2~3
A R 7.1% ~33.1% , BIMEH M 17.1% ;4 3T
o7 LR 37.6% ~69.2% , YN 51.1% ;5 ~ 6 ¥R JIT
Hi BN 15.4% ~44.3% ,F4{E N 31.8%, 4~7 m +
Herp 2 ~ 3 FRFT 5 EL IR 9.5% ~ 90.5% , I {H A
34.1% ;4 T & He R 9.5% ~ 59. 6%, ¥I{EH K
44.1% ;5 ~ 6 PR PT 5 LA ND ~ 46.8%, 4 {H J
21.8%, 8 ~ 11 m T3 2 ~ 3 3 FF & ]y
15.7% ~100% , 4{E N 45.1% ;4 B FT 5 L0 ND ~
64.8% ,FIMH N 42.8%;5 ~ 6 PR 5 il ND ~

40.1% ,YJ{H R 12.1%,

0~3.4~7 m JZ 14 PAHs H R LA K F 8~
11 m 215 PAHs N MEIR A £, BEE L ER
FERBE I AR PAHs 7% 57 o5 o BE s, & 56
PAHs & & 5 LB s /b, nl e i T IR E
) PAHs —# 53 4% & 3 25 S, — &893 bl 4 Hh 3R 42
AR 5% B TE - RV Z T AR IR PAHs AHXTE D,
P B sg ) e B 3h T8, I R R
PAHs $IKFF PAHs ¥ & ME55, P38 PAHs SR IE&E
ZRE AT SR e 4 m 7 A BRIt 13
HIZT IR PAHs 7 E2RSr, BB EIR)Z L
R PAHs 3570, #id4fE -4 PAHs 415, X PAHs
TR BE 530 e A DA RS R S B RS A R -
B PAHs 75 Y F 8K B )2 58 PAHs Y R iE
B N AL shid i 2 H T B R (BB,
2008) ,
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Fig.3 Composition characteristics of PAHs in different layers of soil

2.4 FHHEGYKES T

Maliszewska-Kordybach ( 1996 ) #3 #li PAHs % &
BN 4 DK T <0.2 mg - kg™ BE
V549 0.2~0.6 mg - kg™, FEEVGH 0.6~ 1.0 mg -
kg™ HETGY>1.0 mg - kg™, W 4, Z T X
RJZ e Y PAHs JEEITE 0.13~553.5 mg - kg™';
RJZ PR R 10 D iE T I AR A 12 TS
Yo HARE SR BRI YK, 7 4~7 m 4
> PAHs JELHETE ND~69.2 mg « kg™' , BE5 3.9.10 G
PAHs 58 FE AL 14 SIS L3, LR M SR 3 &
FEVG YK, {E8~11 m X PAHs W EFVEE A ND~
20.1 mg - kg ' FEA 1,15.16.18 JC PAHs 5% 83 Ff

T HEETG YK,

HR 45 3R AR S I E R g B LR R
2018 4F 6 H 22 H KA i { e 555 ot it 1 F i
45875 Y KU A b (301 T) (GB 36600—2018) )
Fiﬂ%ﬂ%#%’é@ﬁﬁﬁimﬁiﬂaﬂéﬂ%ﬁziﬂmVﬂiﬁ

TG RMAROK . B 1 R, 95 A T A R e
EP,BaP(zlxafF[aJFE)feﬁﬁimm_iu 44.4% RFE
M4 75 0~3 m J2HY BaP ¥R 2 33.3 mg - kg™, #
2 T b O 6 1 60.6 75, BbF ([ b]%¢
B BARRILE] 22.2% ; BaA ([ a] ) [ Ind (B
[1,2,3-cd ] #8) .DBA(ZAJf (a,h) B) #@HR N
16.7% . Z Tl IXFETER ™ H Y PAHs V544,

ST N T ARG A T ERES YK, 2.5 i IR XU AN
0~3 m T IEFE 5 H 88.9% 4b T H B 15 YLK K34~ 7 HRFEAF (1) THA AR LI T X TEQy,, 4
m FHERE T 66.7% ,8~12 m HHEREAT T 38.9% 4 BRMREEAYBIR1.3.1.7 17.7 mg - kg RAIL A
600 r
VZ40~3m 7
500 m4 Tm
EEEH 8~11m
400
~ 300 | - .
2 200 - H SR
g w00fp
o 40F
pa]
é’ 30
a 20 ¢ N
10 N
0 — A o P W 4 w7 e r—ﬁ— i= / mi! -g-EEﬁ N FREETG R
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Fig.4 PAHs pollution in different depths of soils
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Table 2 Model parameters of lifetime cancer risk assess-
ment

S8 JLE BUAEN
IR ;(mg - d™") 100 50
BW (kg) 17 57
FE 0.61 0.61
M (mg - em™2) 0.2 0.07
RAF 22.4 22.4
EF (d-a™l) 350 350
ED (a) 11 30
IR (m® - d7") 10.9 17.5
PEF (m® - kg™!) 6.20x10° 6.20x10°
AT(d) 25550 25550
SA(em?) 0.71 1.69
DCSF(mg - kg™' - d™) 25 25
SCSF(mg - kg™! - d7!) 7.30 7.30
ICSF(mg - kg™! - d™") 3.85 3.85

T PR (A3 (2) (3) (4)) 3 T I
IX PAHs RUBUE XK, 4 280 U R 7 BUE TR I
2, HREIRJLE ILCRs N 5.3x107° ~ 7.2
1075 . ILCRS&%%@#% 35X 1077 ~4.7X1076 ’ ILCRSHTU&&M
HUEK(E ] 4.9x107" ~6.6x107", 4E N IL-
CRS i N 3.2%107° ~4.4%107° ,TLCRs g M 3.6
107 ~4.8%x107° , TLCRs sy N 9.6x107" ~ 1.3x107°,,
3 BERRTFMIEER

Table 3 Results of carcinogenic risk assessment

JUEE B A2 ik s RS A 2 T I0AE N B kA2 i 5
I R 4 o 008 XU (BRI T AR N . L EERUAE N
RT3, R IEAT W SRR, i L2 B e fin
B MR . AR N A& T Ll
A5 BUAFE N IR 2 i 3509 XUy L e T L2

[0 I DX fil 39 KB {8 & B . IL-
CRS gz >ILCRS gy >ILCRS ey (3R 3) o WX
G A NN IE I =R N T I < WA Y BN
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