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Abstract: The concentrations of 16 polycyclic aromatic hydrocarbons (PAHs) of 41 agriculture soil samples (0~20 cm) collected from a long-term zinc
smelting area in Guizhou were analyzed by high performance liquid chromatography (HPLC) combined with accelerated solvent extraction (ASE) and gel
permeation chromatography (GPC) purification. Characterization source apportionment and risk assessment of PAHs in soils were conducted. The total
concentrations of 16 PAHs ( ¥ PAHs) were 196 ~ 11592 pg*kg™" with mean and median concentrations of 1500 pg* kg™ and 780 pg kg™

respectively. The high concentration of Y PAHs in soils was closely associated with the zinc smelting activities. The dominant compounds were 2~3 ring

and 4 ring PAHs. 96.6% of the soils in the study area were contaminated with PAHs with 31.0% in the slight contamination category 24.1% in the
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moderate contamination category and 41.5% in the heavy contamination category. PAHs in soils from the study area mainly came from combustion of
biomass coal and oil. The Bap toxicity equivalent quantity for 10 PAHs (TEQy,, ;o) in soils collected from the village of Xinchang Hejiachong
Pinggiao Gonggiao and Dayi exceeded the Dutch soil intervention value of 33.0 pgekg™ suggesting that PAHs in the study area might pose potential
risks to ecological receptors.

Keywords: zinc smelting; agricultural soil; polycyclic aromatic hydrocarbons; pollution characteristics; source apportionment; risk assessment

) (PAHs)
1 (Introduction)
(Polycyclic Aromatic Hydrocarbons PAHs
PAHs) N
“ 7 . N . PAHs 9057 ng kg™ (
(EPA) 1976 16 2012) 6208 pgekg™'( 2012) 2 PAHs
PAHs 7
PAHs “ ” PAHs
PAHs
(Wild et al. 1995).
PAHs 90% PAHs N
PAHs (Wild et al. 1995).
PAHs
. PAHs
PAHs N PAHs
PAHs
’ 2 (Materials and methods)
12 « ) PAHs 2.1
( 2009)
(
» (HJ/T166—2004) 2014—2015
20 80 29
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(Feng et al. 2006). . 0~20 cm 5
(Bi et al. 2006; 2009; 1 kg
2011; 2004) ( .
2009). 100

PAHs . 1 pH 1.
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Fig.1 Sampling sites information
1 2.2
Table 1  Information of soil samples . 20 g
pH pH ASE350( DIONEX )
1 431% 680  456% || 22 5.08% 575 6.28% (1:1.V/v)
2 2.80%  7.98  4.92% 23 332% 726 5.21% 140 C 5 min 2
3 3.94% 743 6.65% || 24 691%  4.68 7.14% 20%
4 347% 570 6.98% || 25  7.96% 672 1.52%
5 351% 808  547% || 26  733% 696 1.28% 30 s 6 mL
6 551% 680 3.75% || 27 3.10%  7.24 3.38% - SPE (GPC) (
7 6.18% 460 325% || 28 11.57% 326 2.53% )
8 651% 480 521% || 29  5.46% 628 4.32% Prelinc J2) GPC 5 mL
9 524% 575 4.32% 30 3.15% 675 2.36% GPC
10 599% 455 632% | 31  2.63% 692 0.80% 2 ml- 1.5 mL
11 624% 58  7.65% || 32  327% 801 3.55% ’
12 373% 473 296% || 33  5.86%  6.16 2.62% 0.75 mL.GPC -
13 475% 673  632% || 34  564% 673 522% 5.0 mlL - (
14 3.00% 520 381% | 35  6.17% 418 5.99% . e .
15 577% 702 782% || 36 671% 681 6.63% 1:1) 5 mL°min 9~20 min
16 5.17% 616  2.05% || 37  480%  7.02 4.33% 2 mL.
17 423% 750 2.64% || 38  6.67% 467 6.62% 213
18 685% 611 1.78% | 39  517%  5.68 2.25% )
19 338%  8.05  3.82% 40 751% 739 5.18% - (Waters
20 434% 683 557% || 41 547% 742 3.90% 2695) Waters PAH CI18(5 pm
2 627% 712 488% 4.6 mmx250 mm) ; (A) (B)
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1 mLemin™’ 30 C. 2.5
50% A 5 min; . SPSS 20.
25 min 100% A 10 min;37 min SigmaPlot 10.0  ArcGIS 10.2
50% A 2 min. ] )
3 (Results and discussion)
254 nm. .
2.4 QA/QC 3.1
N N 16  PAHs
. . (X PAHs) 2 2 .
> PAHs 196 ~ 11592
; ngtkg 1500 pgekg
780 pgekg™'.US EPA 7
10%. PAHs ( Y, 7carPAHs) 27.4 ~ 2188
80.0% ~ pgke™ 280
110.0% 10.0% PAHs peeke™ 132 pgekg™. 29
> PAHs 11592 pg-kg™
29 > PAHs
(RSD) 1000 pgekg™ 11
2.0% ~7.6% 7.1% ~15.6%. . . N

100 pg-kg™!
® 500 ug-kg™!
. ® 1000 ug-kg™!
.\O . 5000 ug-kg !
h . 10000 pg-kg™!
L m »

2 PAHSs

Fig.2 Concentrations distribution of PAHs in the soils of the study area
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Table 2 Concentrations of PAHs in agricultural soils from zinc smelting area
( ) /(ngtke™) ( ) /(netke™)
(TEFs)
Nap 0.001 0.0 465.0 75.0 38.9 0.0 111.0 45.0 33.4
Any 0.001 0.0 3136.0 368.0 170.0 0.0 1737.0 198.0 31.2
Ane 0.001 0.0 512.0 127.0 102.0 0.0 256.0 60.0 27.2
Flu 0.001 0.7 163.0 19.8 10.4 0.0 34.9 8.8 7.1
Phe 0.001 20.5 746.0 121.0 67.4 9.8 411.0 65.5 34.9
Ant 0.01 3.9 111.0 18.4 10.6 0.0 49.8 8.5 5.0
Fla 0.001 0.0 294.0 54.0 31.3 0.0 172.0 31.8 20.8
Pyr 0.001 8.1 4427.0 432.0 156.0 0.0 1974.0 207.0 41.5
Chr 0.01 0.0 1431.0 176.0 79.3 0.0 649.0 96.8 36.5
BaA 0.1 0.0 122.0 15.6 7.2 0.0 59.2 12.1 6.1
BbF 0.1 0.0 237.0 37.2 27.3 1.2 116.0 24.3 15.8
BkF 0.1 0.8 71.5 10.8 6.9 1.1 34.6 8.1 5.0
Bap 1 0.1 153.0 16.4 5.3 0.0 57.9 10.4 4.6
DahA 1 0.3 69.3 6.5 2.7 0.4 18.0 2.9 1.5
Inp 0.1 0.8 143.0 17.4 9.1 1.7 56.9 14.7 9.8
BghiP 0.01 0.5 35.2 4.8 2.5 0.4 7.1 2.0 1.3
> PAHs 196.0 11592.0 1500.0 780.0 109.0 5721.0 796.0 351.0
>2~3 PAHs 73.0 4648.0 729.0 405.0 60.1 2577.0 385.0 202.0
Y4 PAHs 51.2 6274.0 678.0 281.0 14.6 2854.0 348.0 102.0
>5~6 PAHs 14.9 670.0 93.2 61.9 10.3 291.0 62.4 41.0
Y. 7carPAHs 27.4 2188.0 280.0 132.0 9.6 991.0 169.0 78.5
S PAHs 3 PAHs
Table 3 Concentrations of ¥, PAHs in soils from different regions
PAHs
/
PAHs (ngks™)
Y PAHs 10344 2011
S PAHs 109 ~ i ' 885 2013
5721 pg * kg™ 796 5443 2012
peeke™ 351 pgekg™'. Y 7carPAHs 9.6~991.0 9057 2012
ne e ke 169 2231 2009
B . 4498 2008
ngke 78.5 pgrke 6437 2014
> PAHs Y 7carPAHs 15347 2015
726 2010
PAHs 1490 2014
( 3 PAHs 1015 2012
( 2015) 4167 2011
3703 2010
5521 2009
PAHs ( 423 2009
2009) 12 > PAHs 42.4 ~
163 Mg‘kg_l PAHs 3.2

2) 3
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Any.Ane.Phe 4 Pyr  Chr
5 > PAHs 2~3 4  PAHs
368.127.121.432 176 pgekg'. 5
PAHs
198.60.0.65.5.207  96.8 « 3). 2 4
peokg ™. (2~3 4 .5~6 ) PAHs 2~
( 2) 23 .4 5-6 3 PAHs (33.4% ~ 84.4%) 4
PAHs > PAHs 48.6% 45.2% PAHs(11.4% ~78.9%) 5~6 PAHs
6.2% 48.4% - (1.4%~18.8%).
43.7%  7.9%.PAHs
b.
20% /@\ 80%
40% 60% \'%
80% W\N\ sovs  S0% \ 20%
20% 40% 60% 80% 20% 40% 60% 80%
2-3 3 2-3 3%
3 PAHs (a. b. )
Fig.3 Ternary diagram of PAHs in agricultural soils from zinc smelting area
3.3 75.0%
PAHs N
Maliszewska Kordybach (1996) 58.4%.8.3% 8.3%.
( 4 PAHs 10 PAHs Annokkée
200,600 1000 pg-kg™ (1990)
PAHs . 4. 5. 10 PAHs
96.6% Nap.Any.Fla  Chr 4  PAHs
N 69% .69% 100%  86.2%
31.0%-24.1% 41.5%. 30.14.19 71 ;
4  PAHs 66.7%25.0%
4 PAHs
Table 4 Pollution assessment of total 16 PAHs in soils from zinc 66.7%  58.3% 7-8\11
smelting area 32
) PAHs
(ngkg™
PAHs
<200 1 3.4% 3 25.0%
PAHs
200~ 600 9 31.0% 7 58.4%
600~ 1000 7 24.1% 1 8.3%
>1000 12 41.5% 1 8.3%
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5 10 PAHs 3.4
Table 5 Pollution assessment of 10 PAHs in soils from zinc smelting N
area PAHS
/ . Ant/(Ant+Phe) . Fla/(Fla+
(peke™) Pyr) «Inp/ (Inp+BghiP)
Nap 15 69.0% 30 66.7% 7 PAHs 0<Ant/(Ant+Phe) <0.1
Phe 50 69.0% 14 25.0% 8 ;Ant/(Ant+Phe) >0.1
Ant 50 6.9% 1 0 0 ;Fla/(Fla+Pyr) <0.4
Fla 15 100% 19 667% 1 :0.4<Fla/(Fla+Pyr) <0.5 0.2<Inp/(Inp+
h 20 6.2% 71 3% 2 .
Chr 5021 B3 BghiP) <0.5 :Fla/ (Fla+
BaA 20 13.8% 5 16.7% 2 .
Pyr)>0.5 InP/(InP+BghiP) >0.5
BkF 25 6.9% 2 8.3% 1
Bap 25 10.3% 5 16.7% 2 ( 2014) :
DahA 25 6.9% 2 0 0 4 PAHs
BghiP 20 6.9% 1 0 0
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Fig.4 Source identification with compositional analysis of PAHs in soils
3.5 (TEFs) 1.0 15 PAHs
PAHs 2. PAHs TEFs
Bap
( 2008) PAHs (TEQ,,) - 16 PAHs Bap
Bap TEQg, 16~ 10 PAHs
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TEQ;,.»  US EPA 7 . .
PAHs TEQy,7 5 PAHs  TEQy,.5

) PAHs TEQ .10 33.0 pgokg
TEQg.16 2.7~266.0 pg* kgil TEQ .10 (VROM 1994) N
1.0~220.0 pg-kg' TEQ,, 2.1~255.0 PAHs
petkg™; PAHs
TEQ .16 1.9~114.0 pgekg™ TEQy, 10 1.0~ PAHs
93.0 pgekg™ TEQy, 1.8~109.0 pgekg™.
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Fig.5 Concentrations of TEQp, 1 TEQp,, o and TEQy,; in soils

) > PAHs 48.6%45.2% 6.2%.
4 (Conclusions)
3)
1) Y PAHs 96.6%
> PAHs 196 ~ 11592 p,g'kgfl 31.0%.24.1% 41.5%. PAHs
1500 pgkg™" 780 Nap.Any.Fla  Chr.

peokg . 4) PAHs

2) 2-3 . PAHs

4  PAHs 2~3 4 5~6
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