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Pollution Characteristics and Health Risk Assessment of Polycyclic Aromatic
Hydrocarbons in the Surface Soils of a Large Steel enterprise in the North of

China
DONG Jie', HUANG Ying’", LI Yong-xia’, ZHANG Hou-yong' , GAO Fu-wei’

(1. Jnan Environmental Monitoring Center Station, Ji'nan 250014, China; 2. Ecology & Soil Remediation Institute, Shandong
Academy of Environmental Sciences, Ji’nan 250013, China)

Abstract: 16 priority control polycyclic aromatic hydrocarbons ( PAHs) were analyzed by GC-MS in 22 surface soil (0-20 c¢m)

samples collected from a large steel enterprise in the north of China. The concentrations of Z 16PAHs ranged from 22. 0 wg-kg ™' to

20062.0 wg+kg™'. 4 to 5 aromatic rings were the dominant, typically fluorene (Flu) and pyrene (Pyr). Compared with related
domestic research, PAH pollution in the steel enterprise reached medium level, with fifty percent of the soil points were at moderate
and severe pollution levels, mainly in the coking and pellet plant area. The concentrations of 10 PAHs in 20 soil samples exceeded the
Dutch target reference values. Compared with soil screening value of Beijing contaminated industrial sites, only part of the sample
points exceeded the standard, typically benzo[ a ] anthracene(BaA) and benzo[ a]pyrene(BaP). The source apportionment showed that
soil PAHs mainly originated from combustion products of coal and other fossil fuels with only a small portion contributed by oil
combustion and spill. The health risk assessment showed that the carcinogenic risks of benzo[ a | pyrene(BaP) , benzo[ a ] anthracene
(BaA), dibenz(a,h)anthracene( DBA) , benzo[ b]fluoranthene( BbF) , indeno[ 1,2,3-cd] pyrene(InP) exceeded the threshold of 1
%10 7% under residential land condition, the carcinogenic risks of benzo[ a ] pyrene(BaP) , benzo[ a]anthracene(BaA) , dibenz(a,h)
anthracene( DBA) also exceeded the threshold of 1 x 10 ™% under industrial land condition. The carcinogenic risk value of benzo[ a ]
pyrene( BaP) was the biggest among the 16 PAHs. The soil PAHs in the steel enterprise already caused harm to human health and the
soil restoration project must be carried out.

Key words:PAHs; a large steel enterprise; surface soils; pollution characteristic; source; health risk assessment
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2.1 b PAHs &8 54 RE
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1. 16 M2 IR IRTENER] U X R)Z +
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ErE AR SRR KT 110% |, 7w HH58 1 23 ] 43
A ZEFPE. A BRI T 0 8 T 7 A 2 30 1 g
B4, UL 4 B8 Flu Pyr B35 8 i dne s A R R AIK
Acy DBA HAT BRI, 16 Fh PAHs( > 16PAHs )
TR 22.0 ~20062. 0 wg-kg ™, YIME K2 564.7
pe-kg ™' 7 FEUETE PAHs (D 7CarPAHs ) & B
Bl N n d. ~ 7010.3 pg-kg™, ¥ 4  1051.8
pe-kg ™', > 16PAHs 9 41.0%.

M2 1 TJH 16 Fl PAHs S b B0 P i i 1
BaP W FEVE N n. d. ~1305pg-kg ™", BI{EH N 164
pe-kg ™. I 2 ATLUE ) 3R)Z B8 PAHs B

55 BaP HAAHMIA AR fL S (R =0.89,P <0.01).
PAHSs S DATERERT S20 H ok, BaP W LATEfE AL
I BRI B ST K, o AR S E AT
b)) BRI AR AR, nTRB SR L Rk
AR | R B BR R OC T RURH T bR
SESRFE S PAHs S M2 BaP &M AR, Ak
DUy 2B 50RE, H A2 6] N A A ARE B AN 58 2 A e
R | SRR P i B 0 T R A T BB T30 PAHs
W RAHERC S AR, AT R LR
S ) TS YR BT HECH S QL W) RE RS S 2 ~ 3
ke B 5 A BT 4 b X

ANFERAE S PAHs 4150 22 S WE 3 FiR, #k
[T )2 14 S2 . S4 PAHs 4H Y K 4 3R, S3 PAHSs
AU 2 S H1 3 31,85, S13, SIS MR (5 3, 6
W)W, 98 IX R )ZE T PAHs A4 34
Lh4 R4 F, 5 PAHs SR 31.9% ~100%.
TE PAHs SV 1Y R HERAE S 5 R Uk T
4 I(HRER) T 920 4 BR 3 R ESR LG |, o H TS R
H4.88% ~31.25%. HULAIAL WERT K2+
PAHs V53 FEIE TREERE T | mAd s, 508
ER /e S

F1 WMETRKELEH 16 7 PAHs 25/ pg-kg ™!

Table 1

Statistics of the contents of 16 PAHs in surface soils of the steel enterprise/ g kg ™!

PAHs JL P P BRABU% K 2/ % far 22 e HARMA ik
Nap n.d. ~217.0 33.9 51.3 110 90.9 15 400 000
Ace n.d. ~509.0 20.4 53.4 209 81.8

Acy n.d. ~51.4 n.d. 7.3 193 40.9

Fl n.d. ~261.0 14.5 31.5 196 59. 1 400 000
Phe n.d. ~2746.0 52.2 251.0 235 90.9 50 40 000
Ant n.d. ~642.0 22.1 84. 4 191 68.2 50 400 000
Flu n.d. ~4540.0 121.0 492.0 210 95.5 15 400 000
Pyr n.d. ~3786.0 92.0 401.0 214 95.5 400 000
BaA? n.d. ~3159.0 40.7 289.0 248 59.1 20 400
Chr® n.d. ~831.0 39.3 122.0 183 63.6 20 400 000
BbF? n.d. ~1621.0 56. 6 231.0 181 72.7 4000
BKF?) n.d. ~504.0 21.5 71.6 184 63.6 25 40 000
BaP? n.d. ~1305.0 32.4 164.0 198 63.6 25 400
InP? n.d. ~1156.0 12.0 150.0 199 50 25 4000
DBA? n.d. ~207.0 n.d. 27.3 215 22.7 400
BgP n.d. ~1049.0 33.0 142.0 189 63.6 20 40 000
> 16PAHs 22.0 ~20062. 0 2564.7

> 7CarPAHs 0~7010.3 1051.8

1) b - SR B8 XU P 05 356 (8 Tl ) (DB11/T 811-2011) ; 2) ELABUETER) PAHSs

2.2 T3 PAHs 590K 510

5 Y A A kAl ) X e SR o 3 PAHS
A (R 2) N K2 - PAHs F it
PNy R R A 1 R | T T - A 1) I s |

BRI R R e X R T Rk TR 2
Sk PAHSs S BT OB Ak | B
BRI R IR AN k) R s A )2 e
PAHs & &, 5 A 17 8 T o) X0 + HEPAHs & &
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Fig. 2 PAHs and BaP concentrations in the surface soil FE (<200 pg-kg ') AN 36. 4% , 1 o EE (600 ~
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WA 18.2% | 31.8% , EEAL T ML), BRiA
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T+ 14 Fi PAHs 0 355 B 34 = F AH
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Fig. 3 Proportion of PAHs components in the M5 BaA | BaP #iFr4b, Hi 4y PAHs BRI F i 1k
surface soil samples at different sampling points TE, BaA . BaP I«*ﬁ*fﬁ z ﬁ}’ %U ﬂil 18.2% . 13.6%.
®2 WEEFRRETES D PAHs SBAT
Table 2 Concentrations of » PAHs in soil of other researches
B b BESMSCH  PAHs BCH VR EEVE A g kg ™! PRI bk ! Sk
ARAFENER) 6 16 3390 ~ 15 400 32100 [17]
BN 20 15 27.22 ~702.75 207. 36 [14]
BUMI AR B 4 15 476.2 ~3251.9 1435.3 [18]
et i 7 16 672.8 ~144 814.3 32447.9 [13]
TS B S A k) ] i A HH 239 15 123.4 ~1626. 4 398.9 [12]
P F HiL X SR Ak 13 16 193 ~ 15 700 6130 [19]
AT LAY Tl X 10 16 98.4 ~12400.0 2700. 0 [20]
JEI7H R TR Al 22 16 20. 99 ~20 062. 02 2564.71 A5
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Y ST AR A, W PAHSs AR 206 S KU 8 R
JAUa) (BP AR AR AR B 5 1] ) o e AR A AT B S (
4). FJZHE PAHs &5 2% A 32 5 KU B2
Sy KA DR ] g & 2 U058 X PAHSs 15 44 (1)

HEIRARZ —. AFAE PAHs % hE I 25 4 ity
FBUH B AL (E 2R B AN ] AR PR 73
s (B8 S B2 BE /N T s MR A . LR AT REAE T 4%
PAH SR 55 K BRALPE BTAS [a] AR B0 D5 S 4
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