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Fig 1

A sketch map showing the sampling sites
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O’\/ZO cm ’
100 , PAHs
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o
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7Y% ~112 4% . 95 6% ~109. 6%.
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0. 5 mL, \ 1 mL . PAHs AGILENT 6890
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Tah. 1  Heavy metal concentrations in the study area
[a] yb)
n=16 n=16 n=32 n==~6
As 21 1B (3. 03~28 1) 50.4B (1L 9~126. 7) 251. 4A (50. 6~880. 2) 14 3B (7. 1~25 9) 13 6 29
Cd n d n d 34.9 (L 8~249. 2) n d 0.079 0.8
Cr 79.0B (2 8~115. 2) 75 5B (25 1~137.5) 128 2A (33 3~172. 8) 61 0B (49. 0~92 4) 64. 9 100
Cu 33 6A (5 2~733) 33 8A (7.0~197.5) 851 4A (35 3~6367) 23 4A (10. 6~37. 1) 25 4 36
Pb 55 5B (5. 0~126. 1) 35 4B (5. 2~96. 8) 4609. 9A (126. 3~40600)37. 5A (13 2~57. 1) 27.3 85
111L 1B 2315, 2A
Zn 114 6B (3 9~229. 2) (24 5283 3) (164 4~10240) 61. 8B (33 9~113 4) 88 6 140
n ; , 3 Lal . 3 [b]

) [VROM, 2000];
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1 mg/kg) ., PAHs 34, 81 2%,
4~6 PAHs . 70. 1%,
PAHs 6.7 36 75%  40. 6%,
2~3 PAHs . 77.4% 6L 9%, 7
PAHs , PAHs 18 06
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PAHs 0. 3 mg/kg*"”,
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kg) o
2 PAHs (mg/kg)
Tah, 2 PAHs contents in soils of the industrial sites
n=16 n=16 n=232 n==6
Nap 0. 344 (0. 073~0. 955) 0. 627 (0. 108~1. 379) 0. 136 (0~0. 348) 0. 003 (0~0. 013)
Any 0. 063 (0~0. 139) 0. 059 (0. 002~0. 102) 0. 046 (0~0. 146) 0. 005 (0~0. 013)
Ane 0. 201 (0~0. 479) 0. 402 (0~1 066) 0. 204 (0~0. 698) 0. 012 (0~0. 036)
Fle 0. 150 (0~0. 437) 0. 330 (0~0. 801) 0. 120 (0~0. 328) 0. 011 (0~0. 047)
Phe 0. 524 (0. 029~3. 468) 0. 928 (0. 078~3. 869) 0. 304 (0~1 785) 0. 016 (0~0. 026)
Ant 0. 067 (0. 003~0. 238) 0. 178 (0~1 197) 0. 056 (0~0. 124) 0. 007 (0~0. 029)
Flu 0. 576 (0. 031~5. 439) 0. 086 (0. 022~0. 216) 0. 148 (0. 008~1 731) 0. 012 (0~0. 021)
Pyr 0. 435 (0. 034~3.976) 0. 141 (0. 021~0. 371) 0. 086 (0. 004~0. 372) 0. 003 (0~0. 07)
BaA 0. 249 (0. 03~1 994) 0. 054 (0. 01~0. 117) 0. 028 (0~0. 088) n d
Chr 0. 400 (0. 037~3. 137) 0. 152 (0. 03~0. 527) 0. 068 (0. 006~0. 509) n d
Bbf 0. 446 (0. 045~4. 206) 0. 090 (0. 036~0. 199) 0. 071 (0~1 067) n d
Bkf 0. 225 (0. 024~2. 342) 0. 059 (0. 005~0. 141) 0. 078 (0~0. 242) n d
BaP 0. 297 (0~3. 089) 0. 040 (0~0. 100) 0. 023 (0~0. 085) n d
InP 0. 226 (0~2 481) 0. 030 (0~0. 056) 0. 007 (0~0. 054) n d
DaA 0. 052 (0~0. 231) 0. 033 (0~0. 093) 0. 007 (0~0. 080) n d
BgP 0. 242 (0~2 575) 0. 055 (0~0. 093) 0. 016 (0~0. 078) n d
>2~3PAHs 1 3541 57 2.52+2 66 0. 87+0. 95 0. 01540. 86
> 4~6PAHs 3. 15+7 16 0. 747+0. 6 0.52+0. 95 0. 0034+0. 022
> 7PAHcars 2. 07 +4. 25 0. 39+0. 50 0. 36+0. 48 n d
> 16PAHs 4. 52+8 21 3. 26+3. 66 1. 3941 39 0. 05540. 068
:n s ; 2 16PAHSs US EPA 16 PAHs
; 2 2~3PAHs Nap, Ace, Acy. Fle, Phe, Ant Flu s 24~
6PAHs Pyr., BaA, Chr, Bbf, Bkf, BaP, Inp, DaA BgP )
7PAHcars US EPA 7 (Flu, BaA. Bbf, Bkf, BaP, Inp DaA) B
“«o PAHs . e ;
PAHs 17. 6 mg/kg., o
Ant/ (Ant+Phe) Flu/ (Pyr+Flu) PAHs ,
Yunker Ant/ (Ant-+ Phe) 01 , 01
; Flu/ (Pyr+Flw 0. 4 , 0.4~0.5 s
0.5 . . PAHs Ant/ (Ant-+ Phe) Flu/
(Flu+Pyr) 66 % )
PAHs . 67. 5%
P o
C 2,

3.3
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Pb PAHs
o , Pb  PAHs , Pb PAHs
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Tah 3 Correlation between soil heavy metals and PAHs in three types of industrial sites
As Cd Cu Pb Zn > PAHs
As 1 0. 321 0. 430 0. 492 0. 374 0. 310
Cr 1 0. 296 0. 389 0. 447 0. 031
Cu 1 0. 415 (™) 0. 336 (™) 0. 734 ()
Pb 1 0. 927 () 0. 718 (7))
Zn 1 0. 608 (*)
> PAHs 1
As 1 0. 260 —0. 061 —0. 115 0. 102 —0. 158
Cr 1 0. 403 0. 606 (*) 0. 801 (™) 0. 351
Cu 1 0. 472 0. 595 (*) 0. 230
Pb 1 0. 898 (™) 0. 617 (%)
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> PAHs 1
As 1 0. 130 —0. 157 0. 536 (*) 0. 629 (™) 1
Cr 1 0. 786 (™) 0. 281 0. 403 0. 130
Cu 1 0. 133 0. 268 —0. 157
Pb 1 0. 901 (™) 0. 536 (*)
Zn 1 0. 629 ()
> PAHs 1
* 0. 05 ok 0. 01
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Combined pollution of heavy metals and PAHs and
its risk assessment in industrial sites of Chenzhou city

ZHU Gang-hui"?, SUN Lu*, LIAO Xiao-yong’, YAN Xiulan*, ZHOU Li-xiang’
(1. College of Resources and Environmental Sciences, Nanjing Agricultural University,
Nanjing 210095, China;2. Institute of Geographic Sciences and Natural
Resources Research, CAS, Beijing 100101, China)

Abstract: This paper investigated the pollution of heavy metals and polycyclic aromatic hy-
drocarbons (PAHs) in three typical industrial contaminated sites such as coke power
plant, coal mining and smelting industry in Chenzhou city, southern China. The results
showed that the pollution of Pb, Zn, Cu, As and PAHs in the soil of smelting industrial
sites was serious, with more than 50% samples exceeding the limits and the highest con-
centration exceeding the standards by 100 times. In coal mining sites, it was shown that
87. 5% of the samples were above the arsenic limits and 75% of the samples were above
the PAHs limits. In coke power plants, 81 2% of the samples exceeded the limits and the
maximum content of PAHs exceeded the standards by 34 times. It was estimated that the
sources for PAHs were different in the three industrial sites. The PAHs of power plants
and coal mine sites mainly originated from coal combustion and petroleum, respectively,
while the PAHs of smelting plants were mainly from mixed source of coal combustion and
petroleum. It was suggested that arsenic and PAHs were widely observed in industrial
sites, and some heavy metals such as Pb were significantly correlated with PAHs. The
pollution risks of PAHs and heavy metals were estimated in the order of smelting industri-
al sites >coke power plants > coal mining sites. It was assessed that the pollution risk of
PAHs in power plants was the highest, and that the pollution risk of heavy metals in

smelting industrial sites was the highest.

Key words: heavy metals; polycyclic aromatic hydrocarbons (PAHs) ; industrial sites; co-

contamination; Chenzhou city



