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20.1 ~20.7 C 4F B FEW 1345 ~1 940 mm, iy 2
—MIE T 4 A TAL,LT 9 A LA, X K
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Fig.1 Geographic location of study area and sampling sites

(a) and profile of Jila underground river system (b)
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Tab.1 Sampling sites of Jila underground river in
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1.2.1 E=ZRXANEME

BRI 2 M 2o AR e 32 B AL L G
BLIRXF]  PAHs [H1ISCRAE 7R Y0 F1 N AR bR R,
B HLE R Oy & W BE (CHLCL) L IE & %
(CeH,,) A ( C,H,O0) , 4 fE ¥ Ry ok 4l ToAl
R K FK BRFR AN ( Na,SO,) (EhR (HCI) | H 4% R
1 (K,Cr,0,) R IR ( H,S0,) (KL (0. 154 mm
5% 0.098 mm) , 2l B 358 73 B 4l ; PAHs [n] 0%
8~ ¥ (2 E Supeco) A & JE ( Acenaph-
thene — d ) .7 fX. 2% ( Naphthalene — d, ) . i 1t 3F
( Phenanthrene - d,,) ,7RACIE ( Chrysene - d,, ) I
TTARIE (Perylene — d,, ) 5 PN br b o 38 551 R 75 H
R

T BN AR AT (B E A
"] Aglient GC 6890) |, it 35 % ( 3€ [ % $E 1 2 W
Aglient 5975 ) | JiE#% 75 % AX (2 [ Heidolph, RE -
52) ARG A% (L QGC - 12T)
1.2.2 H&HERFEL

FCT LKAET 20 S5, A 25 mL 54
H e & PAHs [MIIBCRFE /R Y, B AL 3 K, Kk
LR ARFETE G 28 AL L (36 C) ki 22y
5mL, A 1 mL 1E 8¢ RE B/ %8 A0 57 2 BT A
(1 em AR, ARBUEL 20 1) HEAT LT B (Z TR
TR HFEL2EA6 cm B A 3 em HAk
BB g ieg A B iE 25 mL B9 S e/ 1B C
B (ARG 2:3) TR A MR VEAEAA . R R Ik 42
Wl 78 R I AW 45 2 0.5 mL, RIGH % 2 mL 21
JOR A AE WA 28 R e aE R R R 4R &
0.2 mL, IN AN 4 pL (S PR iTER
30T .
1.2.3 ME>HEH

PAHs 43 A7 R A 3 - BTk e AL,
AR REFE R 30 m x 0. 25 mm x 0. 25 pm
AR DB — SMS % fil £1 95 B 4 A, @A THR
A 2680 C PR FF 2 min, SR )5 Lh 4 °C/min fY 3 &
TFE290 °C %45 25 min, R A 3h ok k5 2
HERE R 280°C , LA il AE 1 pL, #AH
EELE S, E N 1 mL/min, J 3 2% F R EL
B, SIM R B IR Y 230 °C L 42
R EE R 280 C, ML F & a7 IHAER N 70 eV, it
TEFHE 6 L R 50 ~ 550 u, F1 4 5 2k R
—K,

1.2.4 mEEHSRHZRIECQC/QA)

FE_EHL(GC = MS) 4MAT Z Hi, IAE & N bR itk
FTNBREES BT B N BRAE (AN R WS4 ) A R 1Y
RZEFEFRAR, M SRR T IRS R E AR
[, TR BRS04 A R AR 3R 25 A IIF O ik
FH 6 A BBk He B (0.2 ng/L.0. 5 ng/L.1 ng/L,
2 ng/L.5 ng/L.10 ng/L) () PAHs Fr#fERE 5 2l b
HEMZR & bn ik i 2 U AH DG R A 0.99, b
—HERE AR IR SR 3 a8 A TR R, B 6
AR SR — RIS 1 R A AR TS Yo L

JIT A i ) S B R A 2 0 s 1 T (el i
RREIE , % FE 5 AT AR B I A mTCRSS R,
BICRN 72% ~96% TR IAE IR, 4 X5 41t
U SR EATAE, HIRZE <2%

2 Z#R53®

2.1 IBWH T PAHs B3R BE 53 75 F0 28 B 434

F 1L 2 T, 5K B XS i b 0] SPAHs MR
47 158.06 ~412. 62 ng/L, F-HJe B Hy 267. 32 ng/L;
7K SPAHs ¥k 108. 00 ~854.47 ng/ L, 349k
J& 4 350. 59 ng/L, DI A R Jisk— R I T [
IR TEF K] SPAHSs W BE 42230 A e A, 1A 7K 30 00
T e ARAH; Hb R i Be (D2 ~ D5) Al K
SPAHs W42 0, OF H A fbfa#— %, D2 ~ D4 B
BB, B D5 ALBETE; MR A O Ak
(D6) FHAIAAS fb Fa $ A 2, F /K SPAHs ¥k &
AL T D6, Al KA & F D6,
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Fig.2 Comparison diagram of each component and

total PAHs concentration in wet and dry season of

Jila underground river
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DI i KRR T RN ARl 1 2 20
F5E AT 11, 0 JH T 32 M09 490 Ak 55 T Al R AR 1
S, KA 2 5] PAHs P H Y5 4, K K &
PAHSs 3 52 5 /K P st E A Hb R K, 38 D1 4b
SPAHs V& B HZ I S5 = (L, T A 7K A0 8 T il 20> b
bR K SR | R A T
fike, T LA B R or 75 de i, 3L DU AR A K
SPAHs ¥ FEAR, M T 7K 88 5 I B M 20 i,
PAHs 3 %230 3o KA DT R b 2 A2 i i A T IK
FIKIAR S DGR A R T PAHs JGfg MR,
Pt D2 &b SPAHSs ¥ B2 3 FEAIG, A A AR A
JEHE 55, 8tk A R K PAHs i A K T
i, R D2 4k SPAHs W EEREHS fin, D2 ~ D5 A
TR, 2 A T N BT DR R R X
hE, R XA TG KE AT KE M B4
A A HERE KA ARG TS AKIE A, 3 R K%
B R /K SPAHs ¥R S8 0% 14 i, 3 ¢ B 9Z Bt LA
EHERF, D5 ~D6 Bl E A R A E , K
T PAHs K D5 #E A ML , 284 2 km Hb R [
B R R, SO MO, SR T, RS
BEZK 7 R (D6 ), S K R O
SPAHs MR BEELIE , F A8 18 N 3222 & AE 1 % R A A
W BRHTTRR A R, At 7K T 8 A g 348 o ) = 2 % A
WO Rt #E . H AT AT, SPAHSs ¥R BETEHL R )
Ak, SRR R PAHs KA MR AR | i IR AR
W DGR Ak A BT RR B R TG
B AEAN ) b R R 55 TR 1Y, XM A K T
i, SPAHs v B s i, 52 22 Wi/

HRAE AT AFFE IR , 5 X 7K PAHSs -3
W BEAR FL T AR A X AT A 22 2 M > HLE
XA R K o PAHSs (ORIFSE 28 vh 7 74 R i
DX, WAL Hb VAT 55 VG R 5 X A T 7K A PAHS &
JEAR L, I T E PR TS TR SR (2 134.79 ng/L) AT
JR(1797.81 ng/L) ARV (1 608.2 ng/L) KR
(1575.66 ng/L) ™ il M R (1 439 ng/L) DA K
AR BETFIR(755.90 ng/L) " B FHE B A 3151
(138 ng/L) EF M T (134 ng/L)"" ) PG
BH R T (102. 30 ng/L) 20 L) Ko g 7 T I 7K SR
TN (226.40 ng/L) P K 4 SCmk S 3 AT
PAHs ¥ B /=5 T X 0l M 0] (4 b IX 22 0 Tolk &
KON AR b X v B i A1 Y b X 22 Oy S L
X, X W PAHs 76 Tl 3k i A i b Nk b B
VI S TR O AR i ) AR S R R N Ok A A R R

H P2 AT, A5 2K 3 XS W 3 T PAHSs 4
BCLL2 ~3 B0 4 BRI Al XS 0 3 e
HPAHs 2L 4 B EE L5 ~6 FRIRZ . e drik
hiX 5 PAHs £ 443 i BRAL M BT 2% VIAR OC , B &
PR HE N PAHs B9 2 B — 7K o0 i A B0 K,
PAHs 743 80K B8O 5 i T 0K, I HLHEE PR A0
BN PAHs (9 #E & M ok B 221 0 oK AR
PR PAHs FfRE R RV T K Bl e A U kA
Hb AT S ECE K 0 0 R T H PAHs 2H R DA
3R 5 MK, Bl i A YD, IR3R PAHS
PR, R ¥ PAHSs oy TR A i JUREBE il 2 7K
S EOR K A XS B 3R 7K T PAHs 2H R s 26
HE,

2.2 FBHM TR A PAHSs 28R KUK TN

AT NG — BRI L0 ~1 %) |
g)L(1~3 %) JLE(3 ~10 %) [ F P4 (10 ~20
%) FRA (20 ~74.8 %) 5 A~Bir B, Xt 45 B Belb A7
BB BT 2~ AR 5% E SR R 47 R (United
States Environmental Protection Agency, USEPA ) #2
PR A
LCR:TxDxCxFﬁxE ) (1)

B xA x10

A Loy A4 BUE KUK (lifetime carcinogenic
risk, LCR) , TGN ; T HIEF AR [a] EMTFHE
MR B, ng/Ly D A A By BB R ROK &
(0.511 L/d.0.332 L/d.0.447 L/d.0.718 L/d HI
1.227 1/d) ; € 2} BaP U £ R R # ( carcinoge-
nic slope factor, CSF) ,10 (kg « d)/mg; F K E4F
FBRRE, W 365 d; E N AN By B 5 78 4F 5K,
(la2a7a.l0a54.8a); BRHARN B,
(6.8 kg.12.6 kg.24.1 kg . 51.1 kg 63.1 kg); A
SR TR B B A B T A L (365 730 d,
2555 d.3 650 d.,20 002 d) ¥

b 7 ORI SCER DS B RS BIRLR T
[a]%%$ﬁ7ﬁ§%%,ﬁﬁ‘ﬁ§%%(toxic equiv-
alent factors, TEF){H & 1, % T XK 315 PAHs 1)
FI[a] EERFIE Y RIRE

T:i()ixTi o (2)

A € R i A PAHs IR ng/L, T, N
i I PAHs 2T 260 [ a ] BB BEME S IR, ng/ L,
IR E2,
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Tab.2 Lifetime carcinogenic risk index of PAHs in Jila underground river
. PAHs 28 A 30 AU 16 8%
2 2L L JLE DA A
D1 2.77 x107° 9.71 x10 77 6.84 x1077 5.18 x10 77 7.17 x1077 5.66 x10~°
D2 1.14 x10°° 3.99 x10 7 2.81 x1077 2.13x1077 2.95x1077 2.33x10°°
- D3 1.39x10°° 4.86 x10"7 3.42 %1077 2.59x1077 3.59 %1077 2.83x107°°
D4 1.27 x1073 4.45x107° 3.13x10°° 2.37 x10°¢ 3.28 x10°¢ 2.59 x10°°
D5 1.66 x10 ¢ 5.80 x10 "7 4.09 x1077 3.10 x10 77 4,28 x1077 3.38 x10°°
D6 3.63 x10°° 1.27x107° 8.96 x 1077 6.79 x1077 9.39x1077 7.42x107°
D1 2.86 1073 1.00 x10 73 7.05x107° 5.34 x10 ¢ 7.39 x10 ¢ 5.84 x10°
D2 5.26 x10° 1.84 %1073 1.30 x10 73 9.83 x10 ¢ 1.36 x10 73 1.07 x107*
D3 4.50 x10 73 1.58 x10 73 1.11x107° 8.41 x10°° 1.16 x10 73 9.19 x10 73
7K 3 D4 4.83 %1073 1.69 x10 % 1.19x10 73 9.04 x10° 1.25x10°° 9.88 x10°°
D5 2.23 x107* 7.83 x107° 5.52x107° 4.18 1073 5.78 x10~° 4.57x107*
D6 1.92x10°* 6.74 x107° 4.74 x10 73 3.59 x10°° 4,97 x1073 3.93 x10~*
D7 6.37 x10 73 2.23 x10 73 1.57 x10 73 1.19 x10 73 1.65x10 73 1.30 x 10 ~*

USEPA #7519 W] #2372 i 2 B WS 8 50h
107 ~ 10 ~*5%) [ Br 48 51 Bl 97 2% B2 2 (Interna-
tional Commission on Radiological Protection, ICRP)
HEFE I S K AT 32 UK KPR 5.0 x 107 ik 2
AT, XS R A% B R K 132 PAHs 15 42 &
B RS T B8 T AR 7K 30 2 WA A0 % Je: R 1 B
MR fa F R . M LT 3 E EPA HEFE I RUES: 45
B, BELBY B LS A 4 A B Bl K 0 ) XU+ %X
BfE ] 323G N, 53 b K D4 DL R4l LB B
D6 Ab i XU P A AR T HE A2 FEL N . A B TR PR
FR AN B 422 Do MR Y KU 5 85, AUk 2K 33 7 40 XL
FrE %R T 5.0 x 10 7, JLHOZ 4 LB BOB AR R 5
5o FHULT] UL RS R VAT PAHs X BB A f
FREAA —EWEE
2.3 XIXGHM A A PAHs B 4EIEER

Hi T PAHs fE % i & 2% Fh 36 55 A o gk A7 K
PEBS IR RS | X A A PR BE DL S N S i B 3 ™ T S
DA B b R T R PAHs #E4T T RSB
B WRSEEE R WoR AL K TS oK E T KN,
ARWEFET 2019 4F 12 7 K1 2023 4F 11 H %38 uil
MR WEAT R AR M, i TRES PAHs JCEUR
P, Ho RAE & O SR T, B g 3R
R R NN 155 =B 2 7 D N i = S P U B
i AR MU 7T RE 1 ELRSUE PR , PRt 2 YCRAE]
I a] B (BaA) Jii(Chr) FIF[b ]2 (BbF) K
Ik ]FE(BKF) HTf[a ]t (BaP) (B[ 1,2,3 - cd]
tE(Inp) . I [a,h | (DBA) 7 FhEUETE PAHSs,
A 3t T 0] 7 Ff SPAHs T YRR B VR BE 43 5 A
130.31 ~526.37 ng/L il 178.59 ~681. 34 ng/L, -3k

A3 334. 28 ng/L M1 265.99 ng/L, 5 2015 4F A
TR I R 22 KR K (85. 03 ~760. 03 ng/L, FH{H
296.14 ng/L) . WIRX4E R R WX W b ] PAHs
RV 3 T AT AL T AR HPIRAS  XHAE S IR BT AT
SRR 185 AL THARAKF-

3 it

(1) T IRT 75 1T 7K o SPAHSs ¥R e
E T AR A X USRI X, HAS K & T
FARW, FERE T KM KZ HES, 5
PAHs #FiRE Al K B [ 22 5 SE7K I PAHSs 415 DA
2 ~3 IO RIKIILL 4 08 3 X R R 2
Rof TR S 45 L0 A AR M T A S T

(2) T T A7 T Ko PAHS (945 &
ek fie LA B b, T 1 3 AT AR 0 e e B T
Z ML E Tl 50, PAHs 75 44 K SE P4 PAHs
it B XU PEA 45 SR /1%, PAHs X Ji R B A fi g L
B e E  (HR S H R A%, A K F
PR = T oK,

(3) 3B XS Tk IR T 7% R 7K PAHs (1)
JESEIB S, K IUE Tl IR T A b T 7K PAHS 1)
B T BB AE A T AR R A
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Pollution characteristic and health risk assessment of polycyclic aromatic
hydrocarbons in karst underground river of heavy industrial city

MIAO Ying'*
(1. Institute of Karst Geology, Chinese Academy of Geological Sciences/Key Laboratory of Karst Dynamics, Ministry of Natural
Resonrces & Guangxi/International Research Centre on Karst under the Auspices of UNESCO/ National Center for
International Research on Karst Dynamic System and Global Change, Guilin Guangxi 541004, China;

2. National Observation and Research Station of Karst Ecosystem in Pingguo of Guangxi, Pingguo
Guangxi 531406, China )

Abstract; The heavy industrial city is an important source of polycyclic aromatic hydrocarbons (PAHs) pollution.
PAHs can exist in karst environment for a long time due to its unique underground space structure, which harms
the karst ecosystem and human health. In order to reveal the characteristics of PAHs pollution in karst under-
ground river in heavy industrial city, the researchers in this paper collected 6 sampling sites in Jila underground
river pipeline strike in June (wet season) and December (dry season) in 2015, and added 1 sampling site in
Xiangshui River during dry season. The results are as follows. (1) The average concentrations of SPAHs in
groundwater in wet reason and dry season were 267. 32 ng/L and 350. 59 ng/L, respectively. The PAHs were
mainly composed of 2 ~3 rings in wet season and 4 rings in dry season, which were influenced by rainfall and
physicochemical properties of each component. @ Jila underground river was affected by Liubei heavy industry,
and its PAHs pollution level was medium. (3 The results of health risk assessment showed that only part of the
risk index in dry season was higher than 5.0 x 10 7, especially in the early childhood stage , indicating that PAHs
had certain harm to the residents’ health, but the harm was not great. 4 Through the follow — up tracking of
PAHs in Jila underground river, it was found that the PAHs concentration in Jila underground river was in a rela-
tively stable state in recent years. The environmental behavior research of PAHs in the multi — environmental
media of heavy industrial cities and prevention of PAHs pollution to karst environment is not only an important
content of environmental science research, but also provides scientific and technological support for industrial lay-
out and urban planning in karst areas.

Keywords: heavy industrial city; karst underground water; PAHs; pollution characteristic; health risk assess-

ment
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