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Source and Contamination of Polycyclic Aromatic Hydrocarbons in Surface Soil

in Karst Underground River Basin

LAN Jia-cheng'”, SUN Yu-chuan', SHI Yang', XU Xin', YUAN Dao-xian'”, HU Ning'

(1. Key Laboratory of Eco-Environments in Three Gorges Reservoir, Ministry of Education, School of Geographical Science, Southwest
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Land and Resources & Guangxi; Institute of Karst Geology, Chinese Academy of Geological Sciences, Guilin 541004, China)

Abstract ; Surface soil (0-20 ¢cm) from various agricultural sites in Laolongdong underground river basin was collected to determine the
concentrations,, compositional profiles, and sources of 16 priority polycyclic aromatic hydrocarbons (PAHs). PAHs were measured by
GC/MC. The total concentrations of PAHI6 ranged from 277-3 301 ng-g~
57% , 29% and 14% of soil samples were slightly, moderately and heavily polluted by PAHs, respectively. The PAH compositional
profiles were dominated by 2,3 ring compounds, which accounted for 28. 72% -72. 68% (a mean of 48.20% ) of the total PAHs, while
4 ring and 5,6 ring PAHs accounted for an average of 7. 77% and 34.03% , respectively. Soil organic matter(SOM) was found to be
significantly correlated with the 16 PAHs and total PAHs. However, pH value was slightly correlated with the 16 PAHs and total

", with a mean of 752.6 ng-g™' +635.5 ng-g~', and

PAHs. Isomer pair ratios and Principal component analysis (PCA) suggested vehicles, coal, petroleum and biomass combustion as the
main sources of PAHs, and another major source was petroleum.

Key words : polycyclic aromatic hydrocarbons( PAHs) ; soil; source; karst underground river
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Fig. 1 Location and hydrogeological map of study area
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2 H#RE5it
2.1 MRS R IR IO AU

ZI IR G E 1 PAH (L&Y & & A 5
FLGEih UL 1. S5 3 TN S [R) b o5 9 )22 - 4
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IKEN1 559 ng-g ™', 3 B AT 34.03% , K
Ja W, B 17.77% . MR PAH (L EYIKRE,
Nap S fic i, P& 5 48.9 ~449.7 ng-g ', i %
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PL Chry, BbF Fl BgP & &t fie i, 23 51 i 216 & 9
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il 72 1 3% PAHs 75 Ye A5 i (PAH & &/ T 200
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Table 1  Concentrations and contributions of individual PAHs in surface soil in Laolongdong basin
" Slt/ngog-! & > PAHs H4MH/%
Mean Min Max SD Mean Min Max
Nap 145. 8 48. 86 449.7 92.6 21.66 9.62 48.3
Acy 17.81 6.70 47.92 11.36 2.62 1.33 5.90
Ace 18. 60 8.06 45.06 9.07 2.90 1.37 4.94
Flu 66. 30 22.3 176. 4 37.27 10. 12 5.10 19.91
Phe 73.38 32.5 306.9 58.15 10.32 6.09 15.42
Ant 4.96 1.06 25.76 6. 69 0.57 0.20 .33
Fla 30. 32 1.85 153.8 30. 83 4.09 0.15 59
Pyr 23. 14 0.49 126. 1 25.70 3.00 0. 04 72
BaA * 16.52 4.26 86. 37 17.79 2.02 0.90 3.32
Chry* 69. 32 17.9 327.0 67.96 8. 66 3.90 13.16
BbF * 60. 32 0. 87 274.6 57.42 8.16 0.07 14.81
BkF * 54. 54 3.89 369. 4 79.83 5.86 1.40 14.20
BaP* 20. 10 3.24 113.8 24.20 2.29 0.74 4.31
InP* 40.79 3.83 128.7 34.65 5.50 0.81 11.27
DaA* 48. 41 1.31 500.9 117.2 3.67 0.28 21.55
BgP 62.27 5.40 171.9 43.25 8.54 1.14 13.54
2 +3 3 326.9 159. 6 1048 193.7 48.20 28.72 72.68
435 139. 3 47.18 693.3 137.8 17.77 11.02 25.76
5+6 3 286. 4 70. 64 1559 325.9 34.03 15.67 52.05
> PAHscare 309.9 72.08 1 800. 81 373.8 36. 17 18.82 54.55
> PAHs 752.6 277. 4 3301 635.5
1) = WBUEYE PAHs, > PAHscarc i 7 FhEU#ME PAHs 8%, > PAHs 4 16 fi PAHs B i
®2 KRELIEPAH LAY 511E SOM, pH KX R
Table 2 Correlation between PAH and SOM, pH values in surface soil
Nap Acy Ace Flu Phe Ant Fla Pyr BaA Chry BbF BkF BaP InP DaA BgP Z PAHs
SOM 0.42 0.49% 0.63**0.71**0.65**0.61**0.64" “0.64**0.72**0.72°*0.62*“0.67**0.72**0.80**0.64* *0.75** 0.72* *
pH 0.250.24 0.31 0.41 0.24 0.28 0.22 0.23 0.26 0.25 0.22 0.19 0.28 0.25 0.18 0.20 0.26
1) 2} P<0.05 REFMAN, * =y P<0.01 WIFHK
%3 FEMEKTIE 16 7 PAHs S 2LEE"
Table 3  Comparisons of PAHs in soils among different areas
s 16 PAHs/ng-g ™! .
kil LA R Rl THE ik
bt IR IX 467 5470 1637 [26]
el TalkIX 617 2269 1442 [27]
REE A Hl 29 4079 413 10]
I A 45.4 3703 312.5 [8]
Kt AR H 1083 6248 — [6]
[iFEpA=3 1B 82 2834 236 [24]
T S AR WEH WRE L ILYEAE 0.83 14. 41 3.98 [25]
ENEIEE e i A FH 439 3329 1271
KIush R+ 3% 75.2 373.8 120.7
I SRl EVE X fﬁﬁ%i% 19.9 330.8 131.9 6
RYUJRHB 45 127.5 661.6 395.2
17+ 4 1132 1750 1412
AT A< H 277 3301 752.6

1) =" F/R 30 A R KU
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Fig. 2 LMW/HMW ratios and isomeric ratios in soil of study area
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A B IE 0 R BeP a8 HEL A R AE
LTI, FER A AR SRR b R 52
HEBGE 25 S KRAEEAY Chry ™' 041, BaA SV Al
Le R be = LM E B A InP J& SRR E
BRE R, B4, Ant, Phe, Fla, Pyr, BbF.
BKF 7RSS 1 F s b B BE B 3o , v 2 iy
X AL A W R R A B R i Y R OR b &
OB R AR 1 T A A4 R A R 52 3 HE i
Sk A AEY B AR IR A IR, AR 2 E
B, LA Ace, Flu, Acy S8 K3 PAHs #H G
L, AR T IR AR A TR, X5 H A o AT
HR 3
F4 RL PAHs TR HETFREEHM
Table 4  Factor loadings for PAHs in surface soil in

principal component analysis with varimax rotation

E2T - ES%
YELAFR(HICHFR) 1 2
Nap(%%) 2 0.338 0. 849
Acy (JE#) 3 0.388 0.762
Ace(Ji) 3 0. 286 0. 900
Flu( %) 3 0. 365 0.825
Phe(3F) 3 0.753 0.585
Ant( ) 3 0. 696 0.403
Fla(%¢J8) 4 0. 766 0.528
Pyr( ) 4 0.790 0.503
BaA (#Jf[a] B) 4 0. 846 0.505
Chry () 4 0. 870 0.448
BbF(ZFF[ b9 #) 5 0. 835 0.393
BKF(ZEFF[ k] %) 5 0.755 0.556
BaP( %3t [alit) 5 0.877 0.457
InP(EiH[1,2,3-cd] i) 6 0. 900 0.203
DaA( Z2Jf[a,h] &) 5 0.724 0.515
BeP( %3 [ g, h,i1dk) 6 0. 876 0.206
PERE R T2/ % 77.56 7.82
Rt T2/ % 77.56 85.37

LEAWIRIX IR 5 A e iR
TR SR LA K 37 Ml b g R 4 el A 7 AR 1
A HE I 22 8 e 2 s . T e i S
DX, JKIET FIR AT G e (i 5S84 R L HE
T AP AR AR | BIIRBERE L O IR B T A
AORRBESRIE. 53 A, AN REHE R DR 0 B 8 A5 gl A
TR AU
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