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Concentration, Sources and Ecological Risks of PAHs of Different Land Use

Types in Shenfu New City

WANG Jing'?, LIU Ming-li'*, ZHANG Shi-chao'*, LU Yin-tao'*, YAO Hong'*"

(1. School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China; 2. Beijing Key Laboratory of Aqueous Typical
Pollutants Control and Water Quality Safeguard, Beijing 100044, China)

Abstract: The concentration level of polycyclic aromatic hydrocarbon (PAHs) in topsoil from Shenfu New City in urbanization was
studied. 54 topsoil samples were collected from Shenfu New City and 4 different land uses (urban land, rural land, forest land,
cultivated land) were included. The concentration of PAHs in different land uses was analyzed, the sources of soil PAHs were analyzed
by using diagnostic ratios and principal component analysis, and the ecological risks were calculated using toxic equivalency
concentrations of BaP and the incremental lifetime cancer risk (ILCR ) model. Results indicated that the concentrations of Z PAHs in
urban land, cultivated land, rural land and forest land were in the range of 184-18 276, 230-14 102, 151-3 205, 303-2 980 wg-kg™"',
respectively. Four land uses had similar sources, the main sources were coal combustion and traffic emission. According to the
calculation of ecological risks, there were potential health risks for residents in Shenfu New City, especially urban land, meanwhile,
residents were easily exposed to soil PAHs through dermal contact.
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Table 1 ~ Concentrations of soil PAHs in different land uses in Shenfu New City/pg-kg ™!

PAHS R bﬁﬁﬁfﬁ‘ﬂﬂ(m) ‘ Z%Hfﬁ%ﬂ(z;)

M M bR GRS SFEME PR AeERZE AR
Naphthalene ( NaP) 2 222.95 101.17  240.94 ND ~647.26 338.35 51.89  435.51 7.57~1021.80
2-MethylNaphthalene ( MNaP2 ) 2 71.13 60. 86 60. 05 ND ~203. 81 80.71 50.32 76.17 ND ~188.26
1-MethylNaphthalene ( MNaP1 ) 2 59.29 44.61 59.25 ND ~222.37 61.51 41.40 56.81 0.05~136.51
Acenaphthylene ( Acy) 3 24.39 7.83 37.01 0.97 ~119.41 7.99 7.46 5.40 1.26 ~18.19
Acenaphthene( Ace) 3 10.95 5.29 16.00 0.27 ~56.11 5.50 4.24 4.73 0.61 ~13.83
Fluorene ( F1) 3 16.27 8.93 20.52 ND ~67.13 10.00 10.31 6.32 1.18 ~19.55
Dibenzothiopene ( Dibt) 3 11.29 3.92 14.82 0.84 ~45.64 6.76 5.93 5.25 0.76 ~18.06
Phenanthrene ( Phe) 3 197.31 77.70  267.32 13.97 ~870.83 116.13  124.71 47.67 25.95~176.67
Anthracene ( Ant) 3 42.94 11.18 68.30 1.83 ~224.22 16.73 17.57 8.79 1.81 ~28.90
Retene( Ret) 3 456.45 119.48 857.92 14.34~3016.10 408.77 377.27 341.79 6.80 ~1007.88
Fluoranthene (Fla) 4 305.19  137.41  359.13 22.58~1074.91 190.93 204.93 97.14 ND ~316.57
Pyrene ( Pyr) 4 349.18  114.91 541.46 19.17~1917.68 160.45 172.30 84.80 5.46~261.24
Benzo( a) anthracene ( BaA) 4 232.13 69.23  416.00 12.46 ~1500.57 80.72  94.94 44.85 9.71~128.92
Chrysene( Chry) 4 303.68 131.91 473.23  16.75~1698.90 147.80 146.59 61.39  68.08 ~255.47
Benzo( b) Fluoranthene ( BbF) 5 400.25 174.83  630.42 22.62~2288.59 184.58 203.23 108.04  9.38 ~322.25
Benzo( k) Fluoranthene ( BKF) 5 246.44 48.31  615.50 7.93 ~2272.80 50.10  55.82 26.68 9.40 ~85.79
Benzo(a) Pyrene( BaP) 5 260.42 83.54  465.40 11.84 ~1702.31 85.35 102.25 51.50  1.87 ~135.65
Perylene ( Pery) 5 65.05 19.52  114.19 3.51 ~422.10 20.36  24.33 11.69 0.39 ~31.99
Dibenzo( ah ) anthracene ( dBaAnt) 5 45.29 12.94 83.81 2.38 ~304.31 13.77 15.26 8.73 1.11 ~24.68
Indeno(1,2,3-c,d) Pyrene(InP) 6 250.00 80.51 447.45 11.14 ~1628.08 85.36 105.71 54.83  0.09 ~152.04
Benzo( ght) perylene ( BghiP) 6 256.51 68.86 482.21 12.11 ~1756.21 89.55 105.83 56.24 ND ~152.31
ZZIPAHS 3827.08 1818.14 5283.15 184 ~18276  2161.44 2556.88 1155.37 151 ~3 205
Z7PAH5 1738.19  608.96 3110.04 85 ~11395 647.69 741.29  349.68 100 ~1 085
PAHs EZ%1 - Mﬂﬂf{) - - ﬁlﬂz‘(‘zm -

FEME S PEME AR G SR PR peERZE AR
Naphthalene ( NaP) 2 155.16 20.25 282.32  1.98~578.17 326.95 407.17 245.26  3.92 ~666.27
2-MethylNaphthalene (MNaP2 ) 2 38.97 17.73 54.17 1.90 ~118.51 67.30 82.12 39.74  4.62~125.12
1-MethylNaphthalene ( MNaP1) 2 29.54 9.25 45.56 2.25~97.42 51.90 60.24 30.84  2.94~101.48
Acenaphthylene (Acy) 3 10.59 9.94 8.62 1.74 ~20.72 13.82 5.54 32.78 0.70 ~179.01
Acenaphthene (Ace) 3 3.80 2.06 3.81 1.58 ~9.50 5.70 4.44 6.01 0.78 ~31.63
Fluorene ( F1) 3 6.75 4.83 7.08 0.82~16.53 10.35 7.11 13.48 0.12~74.92
Dibenzothiopene ( Dibt ) 3 4.49 4.29 3.85 0.02~9.34 6.36 4.62 7.80 ND ~41.89
Phenanthrene ( Phe) 3 88.78 88.22 55.82 21.26~157.42 125.18 79.80 187.75 14.46 ~1023.27
Anthracene ( Ant) 3 12.37 11.36 10.01 1.30 ~25.47 18.53 8.96 29.39  1.26~157.28
Retene( Ret) 3 375.53 269.94 423.69  7.63 ~954.60 298.36 228.12 307.17 12.69 ~1166.44
Fluoranthene (Fla) 4 168. 82 158.29 96.03 70.77 ~287.93 189.47 138.12  186.53 13.98 ~767.84
Pyrene ( Pyr) 4 139.21 129.23 93.55 45.44 ~252.97 186.17 111.45 282.12 10.81 ~1497.69
Benzo( a) anthracene ( BaA) 4 68. 02 57.03 58.61 11.50 ~146.54  96.28 50.05 168.32  3.96 ~911.11
Chrysene( Chry) 4 114. 68 106. 60 102. 30 ND ~245.52  164.07 112.79  226.13  ND~1237.15
Benzo( b ) Fluoranthene ( BbF) 5 155.88 117.48 128.00 48.76 ~339.82 211.28 136.09 315.78 12.10 ~1734.63
Benzo( k) Fluoranthene ( BKF) 5 44.36 32.16 43.01  7.27 ~105.88 68.13 36.99 128.21  2.69 ~702.68
Benzo(a) Pyrene( BaP) 5 77.94 54.27 73.60 19.93 ~183.30 118.25 55.08 252.19 4.31~1378.93
Perylene ( Pery) 5 16.71 12.10 15.94 3.47 ~39.19 26.44 11.07 60.90  0.79 ~332.18
Dibenzo( ah) anthracene ( dBaAnt) 5 8.58 7.83 5.55 2.99 ~15.68 19.81 10.52 40.70  1.37 ~224.81
Indeno(1,2,3-c,d) Pyrene(InP) 6 52.16 51.50 29.47  19.27 ~86.34  119.67 62.43  239.27 5.04~1317.11
Benzo( ghi) perylene ( BghiP) 6 73.98 53.18 67.49 19.27 ~170.27 117.95 62.76  235.50 3.10~1297.25
ZZIPAHS 1646.33 1651.11 1264.27 303 ~2980 2241.97 1638.51 2525.37 230 ~14 102
Z7PAH5 521.63 426.85 436.06 110 ~1 123 797.48  460.85 1365.98 42 ~7506

1)ND JgRAil, D 21PAHs J 21 Fi PAHs 4t 2 #1, > TPAHs Jg 7 FEURIE PAHs Z Al
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Table 2 Concentrations of topsoil PAHs in different land uses from different districts

it/ %R PERRE SREEIRIE /em > PAHSs ¥kt bR S A g kg ! Wil /peke ! ik
IRGICH 55 0~10 22 i 3780 442 ~19700  [15]
Jest, hE 127 0~20 16 I 1082.6 8.5~13126.6 [5]
YLK, 30 0~20 16 AHY 107 24 ~238 [16]
=YWzl — 0~5 16 it 1910 830 ~3 880 [17]
KHEE, HE — — 16 L 1100 — [10]
XA, wiE 226 — 16 Wb 236 23.3~2834  [18]
PR 5| — — 16 piSii) 49 — [19]
J7IR, 39 0~15 16 LT 690 127 ~10600  [20]
Ll e 25 — 16 Wi/ ekt 150/64 — [11]
s, E 53 0~10 16 WL SN 55 7 ~410 [21]
M, P 139 0~5 16 WA/ R IX /LA 3 330/1 680/1 060 — [12]
AR, 1 54 0-20 21 A s B 52T 082 10147 — A

1 646.33/2 241.97

) T I AEEIRHY 2 A, 2 AR - AR v REAE
WAL R 2] T PAHs V5 3. 3G 4 PAHs 75
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Table 3 Matrix of principal component about ZZIPAHS

% 1 2 3

NaP -0.003 0. 830 0.541
MNaP2 0.243 0. 956 0. 142
MNaP1 0.319 0.941 -0.057
Acy 0. 940 -0.025 -0.017
Ace 0.964 0.122 0. 045
FI 0. 967 0. 147 -0.022
Dibt 0.954 0. 152 -0.157
Phe 0.974 0. 049 -0.046
Ant 0.988 0. 020 -0.093
Ret 0. 401 0. 460 -0.759
Fla 0. 876 0.099 -0.247
Pyr 0.990 -0.078 0.013
BaA 0.985 -0.117 0.053
Chry 0.992 ~0. 066 0. 030
BbF 0.991 -0.098 0.033
BkF 0. 882 -0.239 0.224
BaP 0. 982 ~0. 141 0. 101
Pery 0.977 -0.145 0. 108
dBaAnt 0. 984 -0.130 0. 088
InP 0.984 -0.132 0.083
BghiP 0. 982 -0.148 0. 089
R 278 1/ % 77. 081 14. 100 5.194

7E AR PAHs S48, 1 Ab %%, it 4y 2 AR
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26 AR A PAHs 1544 3 .

ILCRyg o =
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BW x AT (D
2% g R sk A\ PAHSs 15 4% 1338
ILCR jyppem =
Ciy X SA X AF x ABS x EF x ED x CF x CSF
BW x AT
(2)
20PN AR A PAHSs V5% 115
¢y X InhR x EF x ED x CSF
ILCR gy = (3)

PEF x BW x AT
K, ey F8 B BaP L5 &, IngR 48 IR IGH %
(A 100 mg-d ™", JLEE 200 mg-d ") ,EF 52T
ROMA 365 d-a', JLE 180 d-a~') ,ED 5 R ERAE
B (A 70 a, JLFE 6 a),CF FEFALN T (1 x 107
mg-kg ') ,BW $5 P ¥R HE (A 60 kg, JLH# 15
kg) , AT 5 N7 4 (25550 d) , SA 5 4% fik + 3 14
B2 BRTEFL (RS 700 em®, JL#E2 800 em®) , AF ., 4
TN E N F (B A 0.07 mgrem ™, JLEE 0.2
mg-em ), ABS 35 JZJR W 2 %0 (0. 13) , InhR $50F
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Horp BaP ZEREERAGTEAR

TEQ,, = > ¢ + TEF, (4)
K, e, ME i B PAHs &, pg kg ™' TEF, N
i 7 PAHs BYFEME i, 41> PAHs BLAREEME Y
BT IR 4, TEQ,, /& T BaP W H MY &
(pg-kg™ ). CSF 45 B B B, CSFypppn .
CSF oy~ CSFup 70514 7.3, 25, 3.9 (mg-kg ™" -
D I
AT W T M A T | bR DL S
Hir) BaP A5 5% & B E (FEH) 4300y 425. 74
pg-kg™ (20.00 ~ 2816.49 pg-kg™') . 142.57
pg kg ' (6.57 ~231.67 pg-kg™') . 121.15 pg-kg ™
(31.96 ~271.77 pg-kg™') . 191.46 ug-kg™' (9.06
~2101. 19 pg-kg™") A= 18 7 Ik BE FH b 09 AT A7 A
e KR R AU LR AR | b st S bkt 5
MR —EL BaP &8 &Y A(EH N 700
ng kg ' YRAE ML 15. 4% RORE S T2 4,
BN A 3. 4% AE s T4 (8, Ul BT &R 40 4
FHHE S B b 2 2252 81 T — 8 PAHs fYT5 4L
£4 PAHs BfkHHLNERTF
Table 4 Toxic equivalency factor( TEF) of PAHs

LN B H 7 (TEF)
NaP 0. 001
Acy 0. 001
Ace 0. 001
Fl 0. 001
Phe 0. 001
Ant 0.01
Fla 0. 001
Pyr 0.001
BaA 0.1
Chry 0.01
BbF 0.1
BkF 0.1
BaP 1
dBaAnt 1
InP 0.1
BghiP 0.01

5 M ILCR AL 5 H AN [A] 4= i A1 FH 28 B
ISPl 0l R NG B S /g el W DDA 50 S i
R R RIS, A5 LA 4 Fh L R H 2
TR DAY 9 JRUISE 7K S DA s EIEC AT 28 30 A S0 B FH el >
> AR ML > M. 595 E KU KA T 1070 ~
10 ~* Z [A] s 2 B A T 7 1) £t B JRURS: , 2249 i JALBR: 7K
SR T 10 7 i 3 B A A AR T A VS A G R DR
WACHTIRAN 4 F A R FH S 3 T8 2 s 802 )L
#, HAm R 5 2 T 5 PAHs TP KU B AIK T
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Table 5 Health risks with incremental lifetime cancer risk (ILCR)

e (10 0 KRS B AR TN S L3 i 3

+HER A J kA 52/3
eIl JL# x10-° WA x107° JL# x10°° A %1076 JL# x10°° A %106
¥l 0 ¥l 0 ¥l L ¥{E L ¥{E L ¥iE L
W 175 0.08~11.59 518  0.24~3423 218 0.10~14.45 9.2 0.43~60.87 17.2 0.81~113.80 0.41  0.02~2.69
KA 059 0.03~0.95 1.73  0.08~2.82 0.73  0.03~1.19 3.08 0.14~501 576 0.27~9.36 0.14 0.0063~0.22
i 0.5 0.13~1.12  1.47  0.39~3.31 0.62 0.16~1.39 262 0.69~587 490 1.29~10.98 0.12  0.031~0.26
B 079 0.037~8.64 233 0.11~25.56 0.98 0.046~10.78  4.14 0.20~45.41  7.74 0.37~84.90 0.18 0.0087 ~2.01
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