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Abstract: In order to understand the composition, sources and contamination characteristics of PAHs in water from underground
river of Dashiwei Tiankeng group in typical karst area located in Leye County, Guangxi. The water samples were collected from
different sections to analyze 16 priority polycyclic aromatic hydrocarbons using GC-MS. The results showed that concentration of
Z PAHs (the total PAHs)in water ranges from 54.7 ng/L to 192.0 ng/L, with an average concentration of 102.3 ng/L. The
predominant PAHs in water are 2-3 ring PAHs, accounting for 65.1% of Z PAHs. The distribution of PAHs in water sampled

along the underground river indicates that the mean concentration of Z PAHs in upstream area is higher than that of downstream
because of wastewater discharge. Meanwhile, the underground river has some adsorption effect to 4- 6 ring PAHs. The
concentration of Z PAHs at Dashiwei Tiankeng section increases 93. 8% attribute to the release of PAHs coming from karst
environmental medium and/or atmospheric transmission in underground river system. However, the concentration of Z PAHs at
the confluence section of the tributary of Dashiwei Tiankeng is 47. 3% less than that of the first upstream section duo to dilution.
The concentration of Z PAHs at Bailang outlet section is 128.3% and 17.8% higher than that of flow-in section and Dashiwei

Tiankeng section respectively. The ratios of specific PAHs indicate that the PAH sources in Leye County and Dashiwei Tiankeng areas
mainly come from both petroleum and its combustion. However, the petroleum origin comes from anthropogenic inputs in town and the

natural inputs in Dashiwei Tiankeng. The PAH sources in rural areas are mainly originating from the combustion of grass, wood and
coal. Comparison to other areas in the world, the Z PAHs residual levels in underground river water in Dashiwei Tiankeng group is at

the low level. In six sections, concentrations of benzo[ a]pyrene(BaP) in surface water exceed the state quality standards.
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ff) PAHs BT 4 217" g 30 5 3t T Wl K o 22 37
J5 1 BB FE AR DL ARG . 5 F U H DO BE | W e R

oA ) A H R AR G 45 4 A ] 3R 5T, H PAHs
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IKRETAL AT #E 24 h, IR EEWW 1 L T
Ay WS, A 20 mL AU H ke & PAH (R $E
A (ZEJE-d,,, ZE-d,, 3E-d,,, JE-d, FldE-d,, ) , 7
PR AT A R E A 2 TC K B R 0 SR A
FGE AR 73 8 2P IR paf b A AR 3 IR B/ T
Gt I R T K B R N, Ik R R — I IR TR R
B . B R B MR AR B S e 4 229 2 mL, A 1
mL WIE S Refa , AR /AL Z N (1 em NFR)
HAL (BN TEERE B TEEHEA 6 em W
e 3 em WEALER) . WA AT 43 25 5, ] 25 mL
B A B/ IE © kb (2: 3 R BLIL ) TR A WOk vE AR
A, b S R PR AR SRR 4R 2 0.5 mL, ARG 6 RS
Z2 mL AR, AR E 0.2 mL, ITA 4 uL K
By (75 BBEOR ) lC A vk A8 T AR . SR B AU 0435 -
i B Y ( Agilent, 6890N GC/5975MSD ) & & 43
Hr. 16 F PAHs MR FE AR M. 2 ~3 AN ZE(Nap) |
JE M (Acy) JE (Ace) (% (Flu) FE(Phe) B (Ant) |
W (FIA)T F, 4 S REE (Pyr) ZEIF[a] B (BaA) |
Jiii (Chr) ZEIF[ b ]9 (BbF) FRIf [ k] %€ B ( BKF)
5%, 5 NI [a] B (BaP) (BiJF[1,2,3-cd] B
(InP) .= 2K Jf[a,h] & (DaA)3 Fl',6 3 K4 I
[ ghi]4E(BgP)1 F.

S 6 1o A ) 5 R s L/ T PR IE (QA/QC) HiE
Jiti 2 DL SCHR [ 21 ] B AN 43 B ok B2 4% 05 25 A
25 BRI AR R AT AR AT BT S R IR N BT 4
il , I FH 0 e S 48 7 P W DA 5 o) B R T R
AHEGE K HE R R W R R R 72 % ~
102% , FICRS- Y (E h 82% , ik ke R 0.1 ~
1.0 ng/L.

2 EHR5ITR

2.1 /K" PAHs 19 & B FI 20 Al
KA B R URE b ) 8 AN Wi i /K Hh PAHs [V
JERCH B R 1. K R BREIIF[1,2,3-cd] ©EH
62.5% &3 [a,h] EHAIF[a] BN 87.5% 4t
H4x 13 B PAHs K6 B2 4 100% , K h PAHSs £ HY
A RIS PAHs KE R KT @3, Kby
> PAHs WREJEFE N 54.7 ~ 192.0 ng/L,FHMER
102.3 ng/L, HH1 2 ~ 33 43 5 ~ 6 F1AY PAHs
343 51 66. 6 .26.9 F18.8 ng/L, PAHs L2 ~ 3 ¥
84> TR I K T PAHSs ¥ B fie i {8 SRl
H95KE BLH3 Wi, AR 4 %35 BLHS i 1 Wy
T BB B3 T PAHS YRE 119, 2 ng/L, T il
B85, 4 ng/L. NR 1A, BLH3 Wi 4 2Rl E 5

L3 Jiri 42 ] 5 B OR ik RIS T 4 Tk A T5 4L, BLH4 fUSR PAHS
F1 WTWEREKD PAHs IRERE" /ng- L™
Table 1  Concentrations of PAHs in surface water from the underground river /ng-1L ™'
PAHs BLH1 BLH2 BLH3 BLH4 BLH5 BLH6 BLH7 BLHS8
Nap 28.9 27.3 38.3 24.29 19.7 22.7 24.7 27.4
Acy 1.5 0.3 4.6 0.70 1.5 1.2 1.3 0.8
Ace 1.7 2.3 3.0 1. 86 3.5 3.4 2.5 2.7
Flu 0.9 0.6 9.4 0. 60 1.5 5.4 0.6 1.3
Phe 16.0 12.3 24.4 6. 66 7.4 18. 1 6.1 18.0
Ant 20.1 15.1 26.0 6.90 8.0 24.6 6.3 20.3
FIA 5.1 3.4 7.8 0.73 0.9 3.7 1.4 7.0
Pyr .8 2.2 10.5 1. 14 0.6 3.7 1.2 5.2
BaA .6 1.5 3.7 0. 86 0.8 1.6 0.9 5.8
Chr 7.4 8.3 14.6 3.72 2.6 6.8 2.8 15.4
BbF 13.5 9.2 18.1 5.65 4.3 5.3 2.5 9.8
BkF 8.6 5.7 10.3 3.38 2.8 4.1 1.9 3.4
BaP 15.6 4.5 16. 1 5.74 ND 4.3 2.7 6.3
InP ND 0.2 1.7 0. 65 ND 0.3 0.7 ND
DaA ND 0.8 2.2 0.56 0.3 0.5 0.2 0.8
BgP 1.62 0.6 1.3 0. 81 0.8 0.3 0.1 0.6
Z PAHs 126.3 94.3 192.0 64.3 54.7 106. 0 55.9 124.9
2~3 % 74.2 61.3 113.5 41.7 42.5 79.1 42.9 77.5
4 3 34.9 26.9 57.2 14.8 11.1 21.6 9.3 39.6
5~6 % 17.2 6.1 21.2 7.8 1.1 5.3 3.7 7.7

1)ND R KA H
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Fig.2 16 PAH components in surface water

from the underground river
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#H BLH4 ~ BLHS WrifIiT 2km %7 85 25 09 b T 5
HiFE T K > PAHs R EREAR 179% 02 ~ 3
R PAHs AL THE = 77. 7% , 15 W i 97 (1) 31 5%
K HA TR 4 ~ 6 i &7 PAHs 74
TR B, B OE SE BE - K 2B R (1gK oy 5. 18 ~
6.75) KB PAHs i [ F 1T B4 45 [ AH A 5 1) 0 B
YERL, TIE ¢ B - K 50 e &R 80 (1gK,y M 3.37 ~
4.57) /NBY PAHs, W £ Z A TRMHF. & h
BLHS #F 1 W7 11 2 KA [ KT BLH6 Wi il 8 km K
(ML N RS ,2 ~ 3 ¥ PAHs B @ 4> WL PRI &
74.6% ,JF HLKh Y PAHs WG T 93.8% , 47
B W7 T PR — T T, A T S T T PR A A BT
(BFERIREL A MUY h SRR L L
TR O TR s b T (R ) BRI B A
TE 24 M B Z2 4R 24 R 16, 6°C 77 JRLEE B 3T 1
HH, TG F T PAHs (945 & R i, 3 ffi 7k
PAHs ¥ B T+ 55— 5 1T, BLH6 W1 £ F K A [l K
BUREIWN, LU KA B PR A% 14 K
bt REUZH T W 5B A EH KT ™Y, 4K
TR RYUEIA “ RE ™ 5 1T ] AH 7% 8, 3% KA
() PAHs i At AT (R0 SR TmE [ & 1(e) ].
BEAE T R %" N AR B 1 A8 Ak, 7= AR TR A 2 R
) AR 7 s 37 AR A 2 2 R R A O
RILRFERS K AT, RYT N IRBE B FAR T
TR AR SRR A i R R B R BT
i) 4t VAT 1) iz Bl KGETEEIAE O ~ 5 m/s 2Z (0], I B
TR R 2R 55 . ph T MR T AT R A T R K A, 5 A
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Fig.4 Percentage of different rings PAH components in

water from the underground river
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S DiREREDK R R AT TR - KA A .
WA RITRIEE R, B K H PAHS W6 B 53X
— 3 FEAH Y T PAHs BB DA . Simeik ™) BF5T 48
L RRTCREAE AT T 5 B R 1y POPs BA 5 24E
FH 38— IR DU AE G KA R POPs Y MR B I
NS 25% ~ 5% .

BLH7 Wi 52 2] 22 ) & AH XK PAHs ¥ FE 1) 3¢
WAL A B ETISE K S PAHSs Wik B2 B B B AR T
47.3% . @ W1 0 BLH8 Wik 2 ~ 3 A fiksrF i
PAHs [ 45 LLFRARE 62.0% , JF HKth > PAHs #
FERE R 123. 6% , X W] AE 5 b A 52w P E RO Ui AT
JE 89 PAHSs 15 QL 0 A OC. 35 SCHR [ 24 ] #eil , #h3%
T PAHs 434 o4 5 3 Tl IX K ook B8 8 T,
W R AR Tk X, M i R U e Y R
IG5 K B HE A K PAHSs He B ] TF 55 Ah SOk
[25] il TR AK L HKH PAHs W B = T T iR A9
g5 5. ARWESE Ll BN ZS IS s A A S R e
HR 2 38 14 53 A R AR A — 250, AE2 T i S AT B ) 5
o DA e S S T NG A TR Rl R
KA S PAHs WITHi 8 & AH O PAHSs ¥ B () 32
WALAJG Tk S PAHSs W R B, 23 T 0
HB 1T U I T 0 R 5 B EL A X2 S5 R 2 R
WEHT R VT K i PAHSs 43R TR TTRE S 3
WA 2551,

2.3 JK PAHs R R

P Yunker 27 IR E, T H I [a] &
(BaA) /(K I [a] B + Ji)(BaA + Chr), ¢ &
(FIA) /(%3 + TE) (FIA + Pyr)2 1L (8 Fa & 1
I REHR A M AR A7 R R AR B, 38 H Ok IX 2 I i UE
PAHs (Y £ 3 98 F1 R B8 8. 7 3R B8 A B,
BaA/(BaA + Chr) < 0.20, F£AF LA N 3,
0.20 < BaA/(BaA + Chr) < 0.35, FAEA7 i A

PR B A V5 ; BaA/(BaA + Chr) > 0.35, WZFEAE
PIBREEIE J 3. FIA/(FIA + Pyr) < 0.40, F4ELLA
WY FE; 0.40 < FIA/(FIA + Pyr) < 0.50, &AL
MY R BEUE . FIA/(FIA + Pyr) > 0.50, %1F
PLFRD R JERABE I R 3.

% K £ W oK BB BaA/(BaA + Chr)
FIA/(FIA + Pyr) FO{H UL 2. N i AR P83z 1 X A
RE S 45 #2455 X 0 2 A0 BT 3 B2 5 5% 43 A & W Tl
PAHs BRUR. ME 2 A LIFEH, BaA/(BaA + Chr)
W {8 75 oM 0.15 ~ 0.27, BLH2 BLH3 BLH4.
BLH6 4 W7 I & 755 A i 2835, 4 97 T 34 R AE A 7
JE R B R B9 IR 4 U8, BLH2 BLH3 BLH4 Wi 5
VS SRl B s K HER 4 YIAEOG , BLH2 R
VS EE KHEA S WA A Ak s BLH3 ARl B
WG K KT IED, BLHA 75 7K 5 1 W 9 TR & Wi i, 4k
A Bk R s T L A B R 3 A il [ A
1(a) ] VI STM B9 e LA K 3 b b 58 A6 26 2o 2
7oA AR KRR & B BLH3 (BLH4 Wy T 8 7R
AR A 5 SCHR [27,28 ] 4k 38 19 A3 3 i
T 3R EE TS 7K HE i LA B Hb 1T o ) 2 K AR rp o 2ok
T5 0 25 SR A — B0y, (E 45 1 & A9 &, BLH6 W If 1Y
BaA/(BaA + Chr) AN 0. 19, Wos AR K
F. WA, KA B R YT 75 B 10 km 5 N RCA
RIFBE A4, HOBOE D EOR R T8 R i 8 il R K
AR R 23 B b AR 38 AR A T TR A AL
PR it KA [ R 5T BLH6 Wi Ti ) PAHs R DL 48 T
AT HE Ry U VAT R e IR R B A EC
JZ T PAHs (R Bk R £ 25 Hb 2 J2 Il =R e 1
TR B A ) b B 2% A, SRl B T A 3 Y A
2, 03 A Rl BB B A IR 1.3 A2 ¢, 3K 28 Xk
() PR B A DL R AL 27 35 S A S PAHSs (19 H 985k
P (A B 3 — 45 SR UE S T R A R Bt BHL6 W T B
7K i A PAHs ¥ B2 R T e i R A

®2 MWTAREKS PAHs ByELE

Table 2 Relative ratios of PAHs in surface water from the underground river

PAHs iy lLfH BLH1 BLH2 BLH3 BLH4 BLHS5 BLH6 BLH7 BLH8
BaA/(BaA + Chr) 0.26 0.15 0.20 0.19 0.23 0.19 0.23 0.27
Fla /(Fla + Pyr) 0. 66 0. 60 0. 40 0.42 0.61 0. 49 0.55 0. 84

KH FIA /(FIA + Pyr) HWIHTEF A 0.40 ~
0.84,BLH3 Wi AY FIA/(FIA + Pyr) {4 0.40,
A TAMIE S A 28 ) B R B IR Z ] ik SR .
FHLT R vt 3 HE S b % K L2 —F Y. BLH4
BLH6 W7 [ 37 2 75 1 A3 il 28 ¥ Jow i 98 58 HE il U5

BLH4 W 17 /9 40 72 25 5 5 SRl B3l R 90 9% 357 3k iff
M ACA M ASAE I E G i M4 -8, 0 5
S AR AT G VR | S AR 58 2 R e HE L
MRS, BLH6 Wrifi 9 FIA/(FIA + Pyr) HAE N
0.49, WoR T A MY B BRBEIR | th 35 KA FR
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S0 BT A B SR S B 40 A B R S R R IR R —
EYQUEE S T WA EY /B g b e o - R U
G A% i 1 Oy Sk A MR T Y. A I T 1
FIA/(FIA + Pyr) WEEFE A 0.53 ~ 0.60, EAE
PAHs IR IE LLFE R JERRBE I8 o 3, 15 X b Ak i
T L IX B B e AR 2 4 7 AAh A2 12 T Y
SIHUBAETES £ (B AR, Rl A H 4 R 28,
b B Kl FH A AR 95% DL b B AR R % X
FRBEUR 2544 5 1R LU A e 7 19 45 32 AH AT 9.

2.4 HUF K BRIS YA

PRAT I B bR 1fE GB 3838-2002 ¢ My ¢ 7K R85 R
AR UE) AL E AT [a] BRI AK T 2.8
ng/L. #i It , B BLHS BLH7 4} ,BLH1 .BLH2 BLH3
BLH4 BLH6 BLHS iX 6 A~ Wi 43 %I 4 15.6 4.5,
16.1.5.7 4.3 Fi1 6.3 ng/L 48 i3 M bR v, B AR 5L
SN 4.6.0.6.4.8.1.0.0.5 F11. 3 4% BHAK T 5
A H 2L A B RR UE 200 ng/L. R, KA R S0 RE
Mo R K AR T Z BRI [a] EERYTE Y.

5 A DU L, AT K ST PAHSs (975 3
KPS T (115 ng/L) A0 T2 [ % V6 04 L
W (5.6 ~ 68.9 ng/L, FXIE 40. 8 ng/L) ;{H L [
L EM (9900 ~ 474000 ng/L) . ER UL TTOM
B2 (987.1 ~ 2878.5 ng/L) JUEE™) (6960
~ 26900 ng/L) , KILal M B (321.8 ~ 6234.9
ng/L, V¥ {H2095.2 ng/L) | Kbl & 2 T
K (4 ~ 32449 ng/L, F-H{E22 810 ng/L) K [ 4k
b A BE (184 ~ 856 ng/L) fik. AT UL K A Fl Ko
L T RK R PAHSs 38 4b T 5K 19 15 G4 K F |, {H 2
N [) 2 R TR] 9 S i B M BR Ak 2 B AE K N 28T 3h 5
AR B R 220, JU I 2 W8 7 Ry b R 3T 5 g
R X AEAE 1 2 AN TR] Z Ab A 265 30 58 i g
55 W 30T A X B8 S 1 2 G 0 PR 05 R Ak 2R AR M
IR S IR TR P A = EPOE i e
I G, R R fE S HAK , PAHs BE S T U0 T %
A= SC R ff R 5 b T R B8 A B PAHs HLAT W B
PR ;X #6342 PAHSs 5% B3 U V] 94 ) 2 1R AR B
SCHR[29 ] 38 K X5 A= W5 HUR A 163 1Y PAHs
JE(LCy) K10 pg/L, BARARWFFE K PAHs 2L KT
AR R R R B A R VT R R R K {HOR AT Z 60
OS2 AR HERC Y PAHSs LLZK FILR SR 8K R 47 1T
FEUTRE WL BF 5% B3 T o T b K B AU
IR BB T R, AR S 5 KA [ R BT R
IRCICC ORI ER 73 #

3 &ig

(1) KA B R IU#EH T W 8 A W7 K
> PAHs WREEVEIFI Y 54.7 ~ 192.0 ng/L,FHI{HN
102.3 ng/L,PAHs B L2 ~ 3 3R 3. 5 HA
H X X LG, R K T PAHSs B & AL TR E TS
B oK.

(2) KA FEIRYUEEH T K h PAHs 1725 [8] 4
ZiEl o R =l s PR T N =" S W= el el
IV AT B T T A T TR K R TS T
KA [ R G0 B I B T80 S 1 T3 15 2 A2 B3I PAHs
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