25 2 Vol. 25,No. 2
2005 2 ACTA ECOLOGICA SINICA Feb. ,2005

PAHs

b M
( . 310028)
PAHs . 17
PAHSs (SPAHSs) 4170 ng/m*, SPAHs 6 SPAHs
8.17 pg/L, SPAHs (2.17 pg/L); SPAHs 152 mg/kg,
3 . . SPAHs 529 p1g/kg 539 pg/kg 105 pg/kg., )
PAHs . 8 PAHs
, 530 ng/d 1138 ng/d, 3a )
32.2%  25.6%, (23.3% 16.0%).,

:PAHs; 3

Assessment on the contamination and risk of PAHs in a metal smelting area
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Abstract : It is well known that small-scale metal smelting industry leads to heavy PAHs pollution. However, little information
is available on PAHs concentrations and distribution in various environmental elements around the smelting industry and its
risk to local people.

A field study was performed to determine the PAHs concentrations in different environmental elements, such as air (n=
6), surface water (n=25), paddy soil (n=9), and rice (n=25) in 5 villages, located in a town of the eastern China, where still
existed 5 smelters aggregated zones, respectively. Sampling was carried out on November 18th 2002, when rice was ripe for
harvest. 17 PAHs in each sample were simultaneously measured by HPLC.

It was observed that average total 17 PAHs concentrations (SPAHs) in air of the studied area ranged from 550 ng/m’ to
4170 ng/m?, with the highest concentration of 4170 ng/m”® detected in one of the smelters aggregated zones, which was about 6
times of the mean SPAHs in air out of the zones. The average SPAHs in surface water of the downriver (running through the
west boundary of the metal smelting area) and the branch river (located in the metal smelting area), being 8170 ng/L, was
about 3. 8 times higher than that of the upriver. ZPAHs in surface paddy soil ranged from 108 mg/kg to 183 mg/kg, with a
mean of 152 mg/kg. In addition, although SPAHs in soil decreased with the increase of the soil depth, it still was 92. 4 mg/kg
in the depth of 70 ~100 cm. implying that the paddy soil in the studied area had been contaminated by PAHs for a long time.
The average EPAHs in rice root, rice shoot, and rice seed reached 529 ng/g, 539 ng/g, 105 ng/g, respectively. It was evident

that ZPAHs in all environmental elements were higher than recorded data, implying that the environment in this study was
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heavily polluted by PAHs originated from the metal smelting industry.

Local residents and workers’ daily exposures to 8 carcinogenic PAHs by breath were estimated to 530 ng/d and 1138 ng/d,

respectively. The rates of the death because of diseases and

cancers in the five villages reached 32.2% and 25.6%.

respectively, being higher than those in 25 villages around (23.3% and 16.0%). It was certain that the metal smelting activity

had already imposed threat on the health of the local people.
Key words : PAHs; environmental risk; metal smelting industry
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1 PAHs
Table 1 Concentrations of PAHs in various environmental elements of the metal smelting area
. Sampling NA  ACE ACY FLU PHEN AN FL  PY BaA CH  BeP BbF DBKF  BaP  dBAn BPe  In SPAHs %
Elements ) PAHs
site
1 342 23.7 7.09 27.0 161 12. 8 65.9 74.2 17. 4 16.2 27.5 ND 36.7 45.5 ND 5.71 3.58 866 125
Air 2 351 29. 4 4.22 24.1 100 7.45 27.6 31.1 3.78 3.47 ND ND 8. 21 7.02 ND ND ND 598 22.5
(ng/m?®) 3 263 19.7 6.61 37.7 295 26.5 97.6 87.7 5.14 6.53 17.1 ND 8. 16 10. 9 ND 2.57 1.61 886 34.9
4 391 17.0 6. 14 24.3 85.7 6.12 17.9 21.3 1.93 1. 60 9.51 ND 6.28 4.19 ND ND ND 593 14.0
5 346 17.9 2. 85 20. 8 99. 3 9.49 24.5 16.7 4.11 2.15 ND ND 4.29 5.41 ND ND ND 553 16.0
6 1850 124 20.5 176 954 57.3 321 460 29.6 25.8 31.7 12.1 18.5 58.7 1. 66 13.7 10.7 4170 171
1 308 6.55 2. 45 553 1740 15.1 34.8 89.9 3. 88 5.32 19.0 ND 13.2 43.6 ND 10. 3 6. 44 2850 82.7
Surface water 2 440 4.42 2.45 638 179 14.5 32.6 65. 6 3.88 5.32 19.0 ND 13.2 43.6 ND 10. 3 6. 44 1480 82.7
(ng/1) 3 396 103 235 2230 3230 541 562 1270 310 122 144 16.9 37.0 302 2.98 349 52.8 9900 1190
4 274 86. 8 186 255 2030 256 303 705 202 63.8 171 ND 23.8 36.9 ND 41.1 15.5 4650 383
5 548 103 215 2420 3420 436 494 1210 248 117 335 ND 48.9 109 ND 226 43. 8 9970 793
1 0.819 2.73 0.769 21.0 37.6 7.92 15.2 26.7 6.47 10. 6 4. 37 7.84 2.35 3. 85 0.873 4.30 4.71 158 41.0
Soil 2 7.12 3.78 0.893 39.6 25.9 3.76 14.0 21.5 3. 62 3.55 2. 14 2.77 1. 38 1.40 0.310 1.28 0.937 134 15.2
(mg/kg) 3 0.406 3.10 0.291 30.1 21.4 2.42 13.3 23.1 2.57 2. 85 2. 30 1.44 0.942 1.59 ND 1.22 0.919 108 11.5
4 28.3 3. 10 1.52 34.9 30. 1 3. 85 16.2 36.3 3. 67 4.73 ND 4. 24 1.50 2.08 0.369 2.12 1.99 175 20.7
0~10cm 47.7 4.21 2.78 31.1 36.9 5.08 12. 6 27.5 2.19 2.54 2. 37 1.92 1.50 1.90 0.413 1.37 1.17 183 13.0
10~20cm 12.3 3.46 1. 28 24.3 42.0 3. 46 17.5 26.6 7.99 4.95 2.10 1.77 1. 66 1.92 0.435 0.193 1.99 154 20.9
20~40cm 25.4 3. 26 1.25 40. 3 24.5 4. 44 9.01 18.0 1.15 1.47 2.01 1. 33 0.741 0.905 ND ND ND 134 5.59
40~70cm 3.63 2. 89 0.717 41.9 21.5 2.56 9. 00 17. 8 1. 86 1.73 1.95 1.29 0.704 1.40 ND ND ND 109 6. 97
70~100cm 0.511 2.73 0.256 28.7 18. 8 3. 05 9.83 20. 3 1.72 1.78 1.91 1.21 0.663 0.859 ND ND ND 92.4 6.24
1 23.3 14.7 3.12 341 76.1 8. 94 28.0 37.3 3. 06 4.73 ND ND ND ND ND ND ND 541 7.79
Rice root 2 1.82 11.1 4.72 188 61.7 5.62 23.3 24.3 2. 87 2.77 ND ND ND ND ND ND ND 326 5. 64
(ng/g) 3 138 10. 1 5.01 141 215 38.8 29.8 187 19. 4 8. 46 25.3 ND ND 4. 20 ND 7.89 3. 96 834 43.9
4 10. 2 11.5 24.2 206 77.5 7.70 30. 4 41. 4 2. 69 4.45 ND ND ND ND ND ND ND 416 7.14
1 90. 8 11.0 6. 25 233 288 43.9 71.4 134 38. 1 11.1 11.9 7.16 4. 60 5. 06 ND 11.9 4.56 973 82.6
Rice shoot 2 ND 6.75 12.5 86.0 77.5 3.22 21.9 27.5 2.41 4.02 ND ND ND ND ND ND ND 242 6.43
(ng/g) 3 154 12. 2 3. 15 272 210 41.2 20. 2 86. 0 20.9 10. 3 12. 2 ND ND ND ND 10.7 7.04 860 48.9
4 20.5 6.63 18.7 177 36.0 3. 56 14. 1 19.0 1.77 2. 64 ND 4. 62 ND ND ND ND ND 305 9.03
5 ND 5. 30 4. 30 164 48.7 5.42 37.6 36. 4 4. 40 7.99 ND ND ND ND ND ND ND 314 12. 4
1 8. 82 1.74 0.539 29.6 10. 3 1.11 3.59 5.72 0.63 1. 01 ND ND ND ND ND ND ND 63.1 1. 64
Rice seed 2 17.2 2.30 0.711 30.7 22.8 3.18 7.05 10. 6 1.50 1. 68 ND ND ND ND ND ND ND 97.7 3.18
(ng/g) 3 1. 04 2. 14 0.461 16.9 11.1 2.26 4. 35 5.43 0.473 1.19 ND ND ND ND ND ND ND 45.4 1.67
4 15.9 14.2 9.41 33.0 37.1 14.7 20. 2 23.4 7.81 8.97 3. 66 ND 11.6 11.1 ND ND ND 211 39.5
5 28.2 2.42 0.900 22.8 23.1 10. 5 7.83 10.1 1.14 2.22 ND ND ND ND ND ND ND 109 3. 36
ND not detected ; (0~10 cm, 10~20 cm, 20~40 cm, 40~70 cm,70~100 cm) 5 Soil profile(0~10 cm, 10~20 cm, 20~40 cm, 40~70 cm, 70~100 cm)

located at the site A5
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Table 2 Total concentrations of PAHs in various environmental elements recorded in references
PAHs
Elements Location Number of - Number of Range Mean References
samples PAHs
Air s Smelting area, China 6 17 550~4170 1280 this study
(ng/m?®) s Urban, China 9 37 134.4~298.5 234.8 [11]
s Industrial area, China 12 10 73.9~250.1 168. 8 [12]
s Urban, USA 16 97.5~128 113 [13]
s Urban, UK 10 51~151 83 [14]
s Rural and urban,
Virginia 37 14 1.23~180 [15]
s Rural, Canada 10 0.5~22.84 9.16 [16]
s Rural, USA 16 2.78~3.36 3.07 [13]
s Downriver, China 3 17 4650~9970 8170 this study
Surface water s Upriver, China 2 17 1480~2850 2170 this study
(ng/L) s Estuary and sea, China 18 16 6960~26900 17000 [17]
R Rivers, Europe 5~16 23.0~2590 [18]
s Freshwater, UK 10 1.80~93. 1 [19]
s River and estuary, France 6 11 4.00~36.0 20.0 [20]
s Smelting area, China 5 17 108~183 152 this study
Soil (mg/kg) s Urban, UK 10 10 4.24 [19]
s Rural and urban,
Estonia 140 11 0.011~153 4. 14 [21]
s Urban, USA 27 16 0.647~40.7 3.73 [22]
s Irrigated area, China 35 14 0.239~5.00 1.56 [23]
s Industrial area, Greece 12 16 0.038~2.24 0.707 [2]
s Agricultural soil, Poland 39 13 0.028~2.45 0. 264 [10]
R Near a power plant, Greece 14 16 0. 050~0. 500 0.163 [4]
s Rice root, China 4 17 326~834 529 this study
Vegetation . Rice shoot, China 5 17 242~973 539 this study
(ng/g) s Rice seed, China 5 17 45.4~211 105 this study
, Grass shoot, UK 9 16 153~2365 [24]
s Vegetations leaf, USA 66 17 24.8~1810 545 [25]
s Vegetables edible
parts, Greece 30 16 11.2~294 103 [26]
, Tree leaf, UK 18 23 26~81 47 [27]
. Vegetables edible . .
parts. Brazil 10 4.38~17.93 8.98 [28]
8h ScarcPAHs 171 ng/m*, PAHs 1138 ng/d.,
o s (5 ) 25 (
) ) 3a s 3.
s s ° 3 s 3a
32.2%  25.6%. (23.3% 16.0%)., .
4
s PAHs s o SPAHs 4170
ng/m?, SPAHs 6 SPAHs 8.17 pg/L,
SPAHs 3.8 SPAHs 152 mg/kg, SPAHs ,
; . . SPAHs 529 ng/g.539 ng/g.105 ng/g. PAHs
. ScarcPAHs 530 ng/d, 1138 ng/d,
B 3a 32.2% 25.6%, 25 (23.3% 16.0%),
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Table 3 Comparison of the death reason between the metal smelting area and its around area

Die of the following cancers( %)

i Death rate  Die of diseases Die of cancers
Area Year Population

%) %) %) )
Lung cancer Liver cancer Tummy cancer

1999 7099 4.8 29.4 20. 6 0 8.8 8.8
(5 ) 2000 7300 4.8 37.1 34.3 2.9 11.4 20
Metal smelting area 2001 7313 5.3 30. 1 21.9 3.6 6.1 6.1
(5 Villages) Mean 7237 5.0 32.2 25.6 2.2 8.8 11. 6

1999 34505 3.9 16.2 12.5 2.9 5.9 0.7
(25 ) 2000 35008 5.2 23.6 15.4 2.7 4.4 4.4
Around area 2001 37101 4.1 30.0 20.0 0 6.7 0
(25 Villages) Mean 35538 4.4 23.3 16.0 1.9 5.7 1.7
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