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Pollution characteristics and source analysis of PAHs in the karst groundwater of Qingshui Spring
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Abstract: To determine the components, source, and pollution characteristics of Polycyclic Aromatic Hydrocarbons( PAHs) in
the karst groundwater of Qingshui Spring, five sampling points were set along the upstream, midstream, and dow nstream of the
river, and 16 priority PAHs were detected. T he results showed that( 1) the total PAHs concentration in the wet season is
163. 87~ 209 96 ng/ L with an average value of 183 10 ng/L, and 2~ 3 ring naphthalene, fluoranthene, phenanthrene account
for 52% of the total PAHs;(2) the downstream of Qingshui Spring has the highest PAH s concentration in the dry, normal, and
wet seasons, followed by the midstream, and the upstream has the lowest, which ,is caused by the continually increased pollr
tion source along the river; (3) the of 2~ 3 ring PAHs,4 ring PAHs,5~ 6 ring PAH s, and total PAH s concentrations are the
highest in the dry season and low est in the wet season, which is related to the physicochemical properties of PAH s; and( 4) the
PAHs source is petroleum in the downstream and fuel combustion in the upper and middle streams. Compared to other regions,
the PAHs pollution level of the karst groundwater in Qingshui Spring is low.
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FRREEIX, MR R G A e R KR R . R K
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Fig. 1 Hydrogeology in the underground
river system of QingShui Spring
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Fig. 2 Underground river system profile and location of sampling sites
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3.1 T KY PAHs 69IREA L0,

TR S T AN [ B 0 R7K R PAH s O3 B 4 A UL
F1. Hrr, KRR XPAHs KEETER Y 163 87~
209. 96 ng/ L, “FIJ{EH N 183. 10 ng/ L, LA 2 31 A1 3 3R 125 .3
R o 3, 41y 52 00% , Ky 26 SR AT R e of [ 1,2, 3 ed] B
bh, B2 IFREH 100% » — ST, W S R ok %
VSRl B S Y I, K T PAHs LA 2 BRI 3 3R PAHs h
Fo, AB U R YT Y R I LA 4.5.6 3R[ PAHs 1, AT
REZNGIEAYS . [, W 1 hn] DU, SF KW
KT K A T K PAH s 20 S AT AHL, HOR 7Rk
S PAHs H 4 LA T TG A A H], FEZ T 2 7R3
IR PAH s 1E 3 /K53 WE R/, T 4256 BRI 1E i
IK O3 E FR B K, A AR T B A S B AKITE RS o A=A 16
Bl PAHs B WP LUE H, B T EE( Pyr) (A 43 L LT
KA, FLAx 15 Bl PAH s (K105 3 I HH A e (1 — 350k

HEAMOFRAH L, AU R K PAHs 5 &
(231 95 ng/L) i Tk 501 % FE A0 DX H R KU (9. 73~
487. 38 ng/ L, “F¥{H 115 71 ng/ L) L K74 K47 B Kbt
R (547~ 192 0 ng/ L, P 34{E K 102 3 ng/ L), 5 4037
W R KU PAH s {HAHIT( 159, 1~ 483 7 ng/L, “FIJME A
234. 5 ng/ L), {H FAK T KW BT 28 2 # kM
(0 004~ 32 449 g/ L, H{HH 2 281 Mg/ L) » HH B HIX Hb
FARM, AWF 5T F PAHs B4 5 200 B AR T [ yT Qo
(9900~ 474 000 ng/L) JLIIA LM (6 960~ 26 900 ng/ L)
MIETE Y Gomti WK 1 (1 033~ 199 40 ng/ L) - 15t B BF5T
DX N 7K AR B T G g8, AH Y QR R A
3.2 WTFKY PAHs #95 H4k4E

M 3= 5 i AR BT CUE L, SRR SC A T
K PAH s I 20 ARRHAE B AT W R B4

(1) FKM. R X R K PAHSs #KEA1L
K, ZEEAL R 1 32 ng/ Ly ME T QS09 K& I, PAHs ¥k
BESEIRIE K, My 182 24 ng/ L. X BE BT W5 4Ll
2, SHH T K PAHs WS 76T Ukl X I JT 438 K, 2T
K R ET(QS16), WREHE 2 209 96 ng/ L.

(2) PR 5FAKMIAR AL, b B iEIX PAH s W EEAH
SRR, ZEAH A S 77 ng/ L, M4 R X H R 7K PA Hs #EE
TFARIG R, ZR 4 K H DAL, R BELL Bt X 36K 86 44
ng/L.
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1 PAHs
Tab.1 Concentration of PAHs in underground river of QingShuiSpring in different periods
ng/ L
PAHs F KL R K SRR K R 7K 1 R 7K
A Qs16 QS09 QS04  QS02 QSO QSI6  QS09 QS04  QS02  QSOI  QSI6  QS09 QS04 QS02 QSO0
Nap 22.94 12.66 46.37 31.14 36.17 36.82 15.46 44.68 35.28 37.52 47.87 20.10 58.09 45.87 48.7
Acy 2.89 1.85 2.89 5.86 2.86 3.76 2.41 5.76  6.72 3.72  4.88 3.13 7.48 8.73 483
Ace 3.91 4.34  3.58 3.42  3.84 5.08 5.64 5.65 5.45 4.99 6.61 7.33 7.35 7.08 6.49
Flu 3.30 16.24 - - - 4.29 21.11 - - - 5.58 27.45 - - -
Phe 26.02 35.12 17.43 18.24 22.65 27.83 41.66 24.66 20.71 29.45 36.17 48.15 32.06 26.93 38.28
Ant 2.19 2.86 3.00 2.77  2.85 2.26 3.27 4.10 3.10 3.71  4.94  4.25 3.93  3.03 392
FIA 32.29 17.89 19.03 28.06 21.22 41.98 21.26 19.44 24.48 30.59 51.57 20.63 35.27 35.82 39.76
Pyr 38.54 29.16 24.45 31.17 22.53 53.10 37.91 26.99 28.02 13.69 72.03 49.28 32.08 27.43 17.80
BaA 11.04 5.06 6.80 12.54 11.76 16.35 7.58 8.84 16.30 15.29 17.26 9.85 14.49 21.19 23.8
Chr 26.44 24.18 12.32  9.95 10.18 34.37 31.43 16.02 12.94 13.23 49.68 43.86 20.82 14.82 15.2
BbF 11.39 5.53 7.75 6.91 9.92 14.81 7.19 10.08 10.28 12.90 19.25 9.35 13.10 13.37 16.76
BkF 7.23  7.23 5.07 4.28 6.40 9.40 9.40 6.59 6.86 8.32 12,22 12.22 857 892 10.&
BaP 9.20 9.28 6.21 4.98 5.94 11.96 11.16 8.07 7.77 7.72  15.55 14.51 10.49 10.11 10.04
InP - - - - - - - - - - - - - - -
DaA 4.80 6.30 4.50 2.20  2.60 8.24 4.29 5.8 2.86 3.38° 10.71 5.58 7.61 3.72 439
BgP 7.78 4.54 554 3.67 4.95 10.11 7.90 7.20 7.37 6.44 13.15 10.27 9.36 9.58 837
2~ 3 93.54 90.96 92.30 89.49 89.59 122.02 110.80 104.29 95.74 109.97 157.62 131.04 144.18 127.46 142.06
N 94.64 71.16 56.39 64.85 60.79 128.03 93.51 68.51 74.41 63.43 170.44 124.56 89.06 85.73 84.46
5~ 6 21.78 20.12 16.25 10.85 13.49 30.31 23.36 21.13 18.01 17.54 39.41 30.36 27.46 23.41 2.8
XPAHs 209.96 182.24 164.94 165.19 163.87 280.36 227.66 193.92 188.15 190.93 367.47 285.96 260.70 236.59 249.31

Fig. 4 Distribution of groundwater PAHs in the normal period

Fig.3 Distribution of groundwater PAHs in the wet period
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Fig.5 Distribution of groundwater PAHs in the dry period
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(3) KiK. 5 =E7K 30 AT A [, kK SR By
HXHL N K PAH s WREE W i H BT S8 9b J5 35 K B 4.
UL IR R: S, b K SRR W R S, A R R
FH, 843 QS01 Z QS02 B PAH s ¥ JE/; 28 =, v5 YLl
TEAN, 145 QS02 22 QS04 Bk B3 hn, BEAR UL Hh F /K i =
2 TG R, A b T SRAE DR K, BRI B Vs e N
HRTREMFREEM.

3.3 WTF/KY PAHs 495 11 TALIFAE

M6 ] DUF HIH R K 2 BRF1 3 BRI PAH s 4 3
) PAHs.5 381 6 A1) PAH s PAHs &8 (25 K E 3R
A AR b 5 I A [R] TR A8 A R, BIARS ZH> 1 K> oK
B Hb R K 2 SR 3 R PAHs ¥ I K, 4 53.34
ng/L,4 SRR, N 41.28 ng/L, 5 3H0 6 LI &N, N
12 19 ng/L, X5 PAH s A3 E A G IRFR I IE ¢
- KA EC RN, KoK PEag, TR S iT8%, BRIk 2 2RI 3
R PAH s BE{H I K. WA FR K PAH s 38 505 4 LeAs
BT LG H (K 6), R K ) PAHs 34K 128 {6 AN B
3.4 WTKY PAHs FHR AR T AL AER T

SRR SRAT

IREE PAH s (R U5 B3 RARVE AN i, H BAN A
A, N IR B2 AR BRI AR 58 Ak R BLBh %
FEA HE A B A il T 4 38 R A il A I R (s S
e [R5y SR A LA VRN 2 I WA BE H PA Hs SRR T 227
iEZ —, W AT 3E/ B Phe/ Ant) FEIF[ a) B/ [ I a] B+
Jii] (BaA/( BaA+ Chr)) 98BV [ %¢ B+ 1] (FIA/(FIA+ Pyr))
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6 PAHs

Fig. 6 Seasonal variation of groundwater PAHs
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Ant.BaA/BaA+ Chr HI FIA/ FIA+ Pyr = /N5 0y 4R L (%)
PA Hs K JEEAT 24T

R 7K Phe/ Ant FG{E KT 10 I, 5 7% PAHs F 38k
WA /AN T 10 B, 22 BRI T RO =i A b .

R JKH BaA/(BaA+ Chr) /NT- 0 2 1, Ry A7 3
Y KT 0 35 I, ABREEUE 4 T 02~ 0351, $LH]
PA Hs 41 iR HE — 2 (R 50

K H FIA/(FIA+ Pyr) /N T 0 4 I, W] PAHs 3K
WA AT 0 4~ 0 51, S AR ORI, KT
0. 5 I, PAH s RN B R BB .

JNFE 2 PRI LUE Y, 2F KIS PR 3R A K3 K g
RAE R PAH s PL(E B AR, R DECRFE S TR
WERE M LA AR . L=EIK I 461, Phe/ Ant [ G Y 5. 81~
12 28, Hoh R HiX 1 QS16.QS09 * PAHs JRE T47 ih,
Fogx b L D IBURE A0 ISR B AR A RS . A bTIA
h, BARAEFI BN 23 7 1R 0 178 mol/ g, FF RIUEL ) IE -
KIS R E(LogKow) 2350 4 54 F1 4 57,40 24 K, H
2 EATTIR VS A8 RN ARLRN 28 ) 22 K, R 4r R 1 10
mg/ L f12 0x 102 Pa, #7354 0 045 mg/L Fl 1. 0 x 10°°
Pa, v WLAE (4 #0240 5 L BTG U, T 3 7E K AL i 2
RS RS RIS, QS04.0QS802 F1 QSO 7E A TR
i), BE B 23 29K 750 m2 400 m 1 4 300 m, 735 S5
Phe/ Ant LUHIZEHI K.

F/K I BaA/(BaA+ Chr) LL{EEMIR 0. 17~ 0 56, IR
QS09 H PAHs A i, QS16 Jy VA, H RUFE S
IR BER . o AT RN, QS09 AL T-BUMAT K % A, FAR L3
T BRI S8 YR LA R il R K T HE RO 3 AR
QS09 /A Mg Iy FZ R QS16 £ T+l 1 AL, B
THEZR B LUE QS09 K HE i T /KA, 1652 4y T i
HH 1 B0 SR A 3 3 AR 0B 96 S AR5 TR I 5 e, DRI R AE K
TR AR . RAE A A Be I8 14 BURE AU A7 T HU R )R R b
i, 5 R R AR RE I U5 2 DA 0%, 2 X e
S, Rl N B4R 28, RS BE A IR 809% LA L
SRR e, IX TP R YR 45 R b B B HEWT 1 45 R4
Z6 1O il B S L3 i s = W R 2 7 S R S W N A

SR PAH s IR

2 N PAHs
Tab.2 Ratio of groundwater PAHs in the dry,

normal,and wet periods

) Rk
PAHs tufH
QS16 QS09 QS04 (QS02 QS01
Phe/ Ant 11.88 12.28 5.81 6.58 7.95

FIKH  FIA/FIA+ Pyr  0.46 0.38 0.44 0.47 0.49
BaA/BaA+ Chr 0.29 0.17 0.36 0.56 0.54

Phe/ Ant 12.31 12.75 6.01 6.68 7.95

VKW FIA/FIA+ Pyr  0.44  0.36  0.42 0.47 0.69
BaA/BaA+ Chr  0.32 0.19 0.36 0.56 0.54

Phe/ Ant 7.33 11.34 8.16 8.88 9.77

KiZK3¥  FIA/FIA+ Pyr  0.42 0.30 0.52 0.57 0.69

BaA/BaA+ Chr 0.26 0.18 0.41 0.59 0.61

FIKI FIA/(FIA+ Pyr) [ HAE YGRS 0 38~ 0 49, &
78 QS09 ' PAH s AA MR, 57 30458 — 2. HR B R
FIA/ (F1A+ Pyr) B ECEIE B4 T 0 4~ 0 5 210, WoRh
2 T R R, 7 AR TR DR S A A YR 4
AN 5 A BABEHE AN 187 P92 ol AR IO K .

ZEA I, QS16 H PAH s iR SrAKe U8, QS09 kA ith
I, oAb LR T K PA Hs D BABR IR

SPAKIARIAG KA PAH s SRR LA 5 FE K 3 AR B,
AR ARAA X BN R E , AH S 3 IO U A BT PAH s
SR A PO AE 22 A8, XA U WA AN T 0TI PA HL s RS JEAS
Widsdk . M7 s LG H, QS04.QS02 F1 QSO1 ¥ FIA/
(FIA+ Pyr) FUMETEAN R 7K SCHA S 5200 20 0 8 X 4, B2
HRBE X ARHIF: QSO1 ) FIA/( FIA+ Pyr) Euftidc 2w
W, M JEFEE:; QS04 AT QS02 1) FIA/( FIA+ Pyr) LB sG 5
SEAA, B G SRR .

7 QS01.0QS02
FIA/ (FIA+ Pyr)

Fig.7 Variations of FIA/(FIA+ Pyr) ratios

of QS01, QS02, and QS04 in different periods

0S04

QS04.QS02 Fl QSO1 [f) FIA/ (FIA + Pyr) b {H & 3
I, A3 PAH s 1RHUE B A 7l 240 TR e i i A8 o0 B L R IR
IABEUR, IX 5 2 A R I YT BEVR S50 OC . i TR K 4k
TAZE AZI AT BRAT B AR s Rk DR AT TR | AU 55
(075 SRk IR, SER KN PA Hs RIG R 24 5K JEH
SRR T = K T PR 0T e TR BT e, B R A R
KD, I 52 20 B T A% M HE TR R A s, A
PAHs SRR 4T 54
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(1) KSR HE /K SPA Hs 3 P [ A8 = AN 1 43
A FEKHA 163,87~ 209.96 ng/ L, FHIE Hy 183. 10 ng/ L;
Sk 30 188. 15~ 280.36 ng/ L, “FIE Ky 216.20 ng/ L; ik
#1236.59~ 367.47 ng/ L, T-¥I{E 4 280.00 ng/ L ; =AM A
PAHs MJZLAEL 2 0 3 3R (28 FERIZE b . 5ILAb i
XA LE, KRR 7K PAHs 75§ P2 BE A4S

(2) F 7K B3P K 30 A 7K HA 10 35 7K SR 4 W b R K
PAHs W& AN AT N E3F PAHs AL TP ilf PAHSs
4, " PAHs (KT R 3 PAH s {8, {ERS A 3 X 1
A A 5 KRR AR IR], 3 5 R 7K o R AR
RPN RN KK RE K.

(3) W KR AW H R K 2 BRI 3 3F PAHs. 4 3
PAHs 53R M1 6 31 PAH s, PAH s ji 5 (1 25 ik ok 15 A8 fL 44K
R I AR IR AR Ak A, BITRS ZK B PAHLs i i 11 K B
PAHs {8, “F7K 3] PAH s ff = 137K 3] PAH s {8, Hoth 2~ 3 2§
PAHs {5 K, 1% SARER ¥ IE S RE- 7K 230 iE BN 6

(4) 7K SRR () R Hh X, bR K B PAHs SRR
A A2, FLAR AL B0 i i S8 i s DR S iR
KB B B G 1 T L9 X R K PA H s SR 3 2
L R R BRI 2 TR 24 H Rk N Iy 4k 2 8, AR
T AL T IR AR 809 LA_E 8 L AR RS o
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