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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 ¥ PAHs concentration was relatively high around the chemical
company and the thermal power plant. 4+ing PAHs were dominant in the depths of 0-3 m and
4-7 m while low—ing ( 2-ring and 3—ing) PAHs were dominant in the depths of 811 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 I 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.
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Fig.1 Soil sampling sites of the chemical plant
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16  PAHs( Y PAHs): ( Nap) . (Acy) . 66.5%+2.5% Ace-d, 75.5%+7.6% Chr—
(Ace) . (Flu) . (Phe) . (Ant). ( Fla) . d,, 80.8% +10.1% Phe-d,,
(Pyr) . a  (BaA) . (Chr) . b 82.2%+12.2% Pyr-d,, 73.2%+11.1% 16
( BbF) . k ( BKF) . a  (BaP) . PAHs 70.3% ~ 100.9%
123~cd (Ind). ah (DBA). 61.2% ~105.2%
g hi (BghiP) . 0.021~50 pg * kg™’
1.2 o
. 1.6
16 (2000 mg * L") Ac- SigmaPlot 12.5. ArcGIS 10.2 .
cuStandard s 5 o 8 PAHs
( Nap-d8) . -d10( Ace-d10) . -d10( Phe-d10) . -
d12( Chr-d12) -d12( Pyr-d12) Su- TEQy, = Y. C, x TEF, (1)
pelco CNW o . C, i PAHs (mg * kg') TEF,
10% 24 h i PAHs
~ ° S 1 o
450 °C 4 ho USEPA PAHs
1.3 ( Wang et al. 2011; Zhang et al. 2015)
16  PAHs .
\ 100 ( TLCRs) PAHs .
o . 3 .
50¢ 3.0 g ( Yin et al. 2008) .
Na,SO, 200 pL 13
( Nap~d8.Ace ~d10.Phe ~d10.Chr~d12  Pyr~ ILCRs - =Csx( DSCFX(m) XSAXFEXMx
d12) 25 mL o RAFXEFXED/BWxATx10°  (2)
( SB25~12DTDN) 3 3 13
CNW ILCRs =Csx( SCSFx(m) XIR X EF X
HC-C18(1 g+ 6 mL™") ED/BWXATx10° (3)
. 1 mL . 173
ILCRs =Cs x(ICSFx() ) XIR,, X EF X
1.4 70
PAHs - ( Agi- ED/BWXATXPEF (4)
lent GC QTOF) El 70 : DSCF: (mg * kg'
eV 230 C; : d™"); SCSF: (mg * kg™ -
(m/z) 35~500 d™') ; ICSF: (mg * kg™ -
( SIM) (HP~5MS 15 mx  d7); IR, (mg +d"'); BW:
250 pmx0.25 pm) . 1 (kg) ; SA: (em?®) ; FE:
mL * min~', 70 C 2 M - (mg * cm_z) :
min 18 °C * min™' 140 C RAF: . EF: (de+a™);ED:
12 °C * min™' 240 C 1 min (a) ;AT (d);IR,,: (m’ -
5 °C * min™' 280 °C 10 d™") ; PEF: (m’ = kg™) .
min o
1.5 2
10 2.1 PAHs
Nap-d, PAHs 1
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Table 1 PAHs content and pollution status in shallow soil of the site
| Il m
/ (%)
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 1.40 020~33.7 119 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 - - -
(0~3 m) PAHs ; 0~3m
0.13~553.50 mg * kg™’ 67.0 mg * kg ™', | 4~7m 11~16 m
Y PAHs 1.7~23.6 mg * kg”' 11 Y PAHs o 3.9.12 ;
0.13~50.3 mg kgfl I Y PAHs 1.9~553.5 ; 3.9.12 PAHs
mg * kg™ 3 Y PAHs 0~3m 4~7 8~11
S 1 Y | B PAHs m 8~11 12~16 m
111 14 II 10. ° 6.7.8.10.13.14.16.17.18 > PAHs
12 PAHs ; 14 o 4
PAHs 10 PAHs 4257 PAHs 0~
14 3.4~7.8~11m 8§~11 12~16
PAHs o I 9.10.11.12 m 0 4~7 8~11m
PAHs II PAHs o
o PAHs
PAHs / ( ( Richnow et al.
2009) . 1998) .
PAHs (2013)
PAHs  0.01~4100 mg * kg™ ( Cousins et al. 1999; Bu et al. 2009) . ININIII
2.7~3.4 PAHs
mg * kg™ PAHs 0.07~ ( 2018) o
6.0 mg * kg™ 2008; 2018) . / .
2.2 PAHs N
PAHs ° I.I1. 11T
0~3.4~7.8~11.12~16 m., II N
2 18 > PAHs
2 > PAHs . o 0~3.3~7.
1.2.5.11.15 > PAHs 8~11 m,
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Fig.2 Vertical distribution characteristics of total PAHs in soil
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Fig.3 Composition characteristics of PAHs in different layers of soil
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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 °
IR iy mg + d7") 100 50 o
BW (kg) 17 57 s
FE 0.61 0.61
M (mg* cm 2) 0.2 0.07 I N H A I[[ o IL-
RAF 22.4 224 CRs >ILCRs >ILCRs ( 3). 1
EF (d-a™) 350 350
ED ( a) 11 30 > N
IR (m® = d™") 10.9 17.5 PAHs I TEQ,,
PEF (m® « kg™!) 6.20x10° 6.20x10°
AT( d) 25550 25550 .1 o I 3
SA( em?) 0.71 1.69 .
DCSF(mg * kg™ = d™") 25 25 .
SCSF(mg kg™ + d7!) 7.30 7.30  ILCRs ~ILCRs
ICSF(mg » kg™ = d™") 3.85 3.85 R o I~ 1I.CRs N
( (2)(3)(4)) [.0.1II .
PAHs ILCRs 107
2. ILCRs 5.3x107°%~7.2x IL.CRs 10°°~107* (
10~ ILCRs 3.5x107~4.7x10™ ILCRs 2013; 2016) .
4.9x10" ~6.6x107", IL- 107¢ 107,
CRs 3.2x107°~4.4x10"° ILCRs 3.6% . PAHs
107 ~4.8x10™° ILCRs 9.6x107" ~1.3x107°. o
3
Table 3 Results of carcinogenic risk assessment
ILCRs ILCRs ILCRs
I 3.2x107°~5.3x107° 3.5%1077 ~3.6x1077 4.9x1071" ~9.6x107"
I 4.3%x107%~7.0x107° 4.6x1077 ~4.7x1077 6.0x10711 ~1.3x1071°
I 4.4x107°~7.2x107° 4.7%107°~4.8x107° 6.6x1071°~1.3x107°
9.3x1077 3.5x1077 2.6x107° 2017
1.1x107%~2.2x107° 2.6x107°~3.8x107° 4.4x1071" ~1.5x107° 2018
4.0x1078 3.4x1078 5.8x107 " 2017
1.1x1077 2.0x1077 8.6x10712 2017
4.8x1077 4.9x1077 2.4x10712 2011
3 ILCRs 9.6x107" ~
7.2x107° .
> PAHs 0.13~553.5
mg * kg™ 67.0 mg * kg™ PAHs
’ PAHs . 2017.
(8~11 m) PAHs 2~3 o PAHs
PAHs 44(5) : 112-120.
0~3 m 88.9% 4~T7m - 2009.
66.7% 8~12 m 38.9% ( PAHs)
4( 3) 1 399-407.
° ° . 2011.
{ 30(.10) ;1098 -
) BaP 60.6 2004.
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