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Abstract; The human health risks exposed to the PAHs in soils for children and adults were

assessed using the toxi¢” equivalent values of benzo [ a ] pyrene ( BaP_ ) and incremental lifetime

eq
cancer risks (ILCR) model in Laolongdong karst trough valley. The results showed that BaP
Y «PAHs was 87.5+156.6 ng-g™'. The seven carcinogenic PAHs contaminants BaP_, values
accounted for the vast majority of the total BaP_, with a mean value of 97.8%. The BaP_, of 10

PAHs in the Dutch soil standard was 32.9+37.4 ng-g™", 33.3% of soil samples in this study were
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higher than Dutch target value (33.0 ng-g '), indicating potential risk of PAHs in soils. Cancer
risks for children ranged from 1.17x107 to 7.11x107°, with a mean value 8.8x107", and for adults
ranged from 1.24x107 to 7.52x107°
acceptable, but some were potential risks. The cancer risks from DaA and BaP were the highest,

accounted for 35.2% and 30.4% of the total cancer risks. Thus, the cancer risks from DaA and BaP

, with a mean value of 9.3x107". Most of the cancer risks were

were the major components of the total cancer risks. The cancer risks of PAHs for the three exposure
pathways decreased as follows: dermal contacts > direct ingestion > inhalation. Cancer risks through
ingestion and dermal contacts were about 10” to 10° higher than that through inhalation. Therefore,
they were two most important exposure pathways and contributed almost 100% to the total cancer risk
for adults and children.

Keywords: karst trough valley, polycyclic aromatic hydrocarbons, health risk assessment, soils.

Z 35578 (polyeyclic Aromatic Hydrocarbons, PAHs) Z—JS A s A A MLE LD ) 2 046 T
WEAr b, BT PAHs AT BOUR | BOR | B0 8 VRO N AR, 26 5 2R B2 AR 47 )5 ( United States
Environmental Protection Agency, USEPA) ¥ 16 F PAHs %1 A 4J 5c 72 1l YLt g 7 B PAHS
(I [al B (BaA) I [a] B (BaP) il (Chry) (BiJf[1,2,3-cd ] (P ) GKIF[b] 2 (BbF) |
Ak ]PHE (BKF) 5 H[a,h] B (DaA)) AN ZEE PAHs JLHR BaP il DaA, — W AR
R i, LA SR B P S50 IR A G R g R B VSRR S 15 PAHs A7 5CT  PAHSs 1R B K |
MERFARE 25 5 W L SR W BT , il 45 1 3 AR PAHs FEELAE A7 O b 1) PAHs nl I B
I 52 0 A 8 Jok 2 f 6 4 o ) 42 90 Xk A B 7= A il 2 B oA T fife 9 v PAHs Xof A {5 1)
JEH , DAl 3% PAHSs 0YE08 RURS 7K P AR H

P A T A A T b PR K R, A E P AL 15 Y X A MR R XU ISR SR T Tz R
TR O R T A R T 5K LB R AETE Al AN A R A KR TS Y, R R L
F I 43 T 2 3 PAHs AR B AT5 9 IR R B0 R K PAHs A AN R BE AR X2
b A S R B RN A BRE T R 7 A N 2 A DA XU

A A T 3T AR R v ) i D BB S S A X —— 2 eI 1 TS T B R R X 4, R 2 A
JEEIE KBS 4 AR Y (Incremental lifetime cancer risks, ILCR) ¥4l 43 PAHs XF A faE XU | i 57 45
SRR Ny 37 BURF S Y P IR PR R (R i S i — 2 i S H i (E.

1 #ES 1 (Materials and methods)

L1 XM Rt FERAE

TR L2 T T 0] e A LR S A A X, 5 EE R T X AR e T P e X e DX L X
A A ARG R I 2 0 A A%, AR TP i 1100 mm, 4R HSRA 18.7 °C. X I AR M S5 2K RN TFRHIK L,
PR bR I, 7E I AR A B S B — Ll A TR OR — 1l e — A S A S
BRIHARZ K 12.6 km? , HoA IS AT B2 [ 58.5% , A L (5 22.1% , Akt 5 19.49% 0 J s A 1143
A , KL 60000 A, FEE43A0 T 1 e B bl 4, S ssh R oA & +E X EE RS e
2B A R R X AR N A T IR K E RM IR RE B AR L T ZMED FL el L AR
FEE TR AT AN 224 78 R A T RN S s 3 A e . 3 HE S e A i R
) o ) R AR5 LA B R AR e AL A T TR X3, PAHs B =R TR

- ERAE 5 TG T A R A T N (SR fr I | SRR (3 SRS LA SR SR S
FlE AR T RIR.2012 4F 12 7 Y H T il e 2 T IR 4E 0—20 em LAF  AHARAY 3—5 4>
SUIRA ISR AR RS CRIEL 1 kg £, BE 21 MFES CRAEMIFES KB AT BT RRE
Z , AT A i 0.25 mm FLARGE , 3T F-20 °C AYUKEE TP ORAF R DN AFF 5% X 4 SR AE s 20 A5 LI 1.
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1.2 FeanAbES PAHs 234

3t PAHs AYALFE 5 40 Hr i BE RIS R AT 1 PAHS B BURNSHL R ] USEPA3540 J7ik
HEAT  ERFRIL 10 ¢ HREFF A 10 g K5head i JC K B R 89 L 4f BRI 4 wL ¥R R 50 ng- pl™' A
5 Al AR SR R AR ES (Nap-D8) i ZEUE (AcesD10) SAREE (Phe-D10) S AU (Chr-D12) 51
ARIAE(Per-D12) Ji5 , 1 FH — 58 F b | 1E L e AR ARAD - MR A E A7 4R B fb IR I 2 vk 4 5 7% o AR &
0.2 mL,JIIA 4 L ¥JE 4 20 ng- wL™" 7S H LR 0.

el AR €0 3% -5 3% 3 1 AY ( GC-MS /“Agilent 7890A/5975C ) ¥l PAHs Jii 2 ¥k . (0 3% 4% Hy
HP-SMS%QHWHQO 0 mx0.32 mmx0.25 pm). AR 280 C, &AM S A A, WM Hh
I mLemin™" RS HERE, ARG 1 WL REFR P 8 WG TR B 50 C, PR 4%F 1 min, DA 20 Cemin™ FHE 2
200°C Fﬁu 10°C- min~' FHE 2 290°C 745 15 min.16 F PAHs i FH PUFRYE F1 22 558 0F it 4k % 2319542

AT BT B 10 SRR S 20 Rl AL B 28 R S AR & FRE S AT A TR S PR X s Y
ZHPINT 12% , 047 iR (IR 451 1% 7 7B Nap Eﬁslziﬁlﬁlllﬁ?jﬂ 62% , H & BN 7 W 1) TR S0 Ay

F 76%—115% Z i) ki th R ERYEFEY 0.5—3.1 ng-g ™"
1.3 PAHs [E0R XU A

USEPA HEFERY TLER BB CL )12 Wi T - 3EERBE v PAHs (9 4g HEKURPTAS 1 011 AR B 5 R
ILCR #ERIPPA R [RIAME (JLEE BN ) St 28 R A B JR 2 A R Il e A 56 3 Fh R BRI 12 B A PAHSs

L BRI LTS A R T o
CSX[CFSIngﬁnon ]»37‘5/] XIR@O!IXEFXED
ILCR 1
Ingestion — BWXATX 106 ( )
*[BW
CSX(CFSDW J; j XSAXAFXABSXEFXED
ILCR 2
Pt BWXATx10° (2)
3
CSX[CFSInhaldlmn ]i?)(/) XIRﬂil'XEFXED
ILCR = 3
Inhalation BWXATXPEF ( )
ILCR = 2 (ILC Rlngt‘stinn +ILCRInhalalinn +ILCRDcrmal ) ( 4)
CS = Y, (PAH, x TEF,) (5)
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2 ILCR,esion JLCR et JLCR o 739 AMRZE LR | B R fih RO 0 A 2% 5% T -3 PAHSs (19
BRI ; CS L 3Eh 4 PAHs #2450 BaP Rt SR E AT (mg-kg™') il A= (5) 115, TEF,
JEHT i Bl PAHs FLRATY T BaP BYBEE 2K CSFyeion ~ CSF ) ot~ CSF ataion 7P AR ZE LA B2 TR
FEAFNEIR A B RPR AT (mg-kg+d™) IR, M AR RO R (mg-d™') IR, AKIFEIE
HOR (m*d™)  EF MERBEIR (d-a™");ED MR (a) ;SA HERBBERER (em®) ; AF N KEE:
M ZREL (mg-em™) ;ABS R IR IR s BW S AP BIA R (kg) , AT SHBUR SN B0 E (d)
PEF MR HERC A F (m* kg™ ) ;ILCR J& 3 Fh ARG R 72 10 B0 KU . 3R A bl I 1) 22 65 S 550f
HESEWEUE £ 2 2% i A A\ RS E FE 55 DR 50 bn o (5 9 3 b XURS: P74 5 00 ) (HJ 25.3—
2014) FISCHk( WL 1).

R LAEZENEITN T 25

Table 1 Parameters used for the estimation of the incremental lifetime cancer risks (ILCRs)

24 iy JLE A At A IR
Parameters Unit Children Adults Data sources
THBGER (IR,;) mg-d™! 200 100 [18]
IR (IR, ) m*d™! 7.5 14.5 [18]
T (BW) kg 15.9 56.8 [18]
TR (EF) d-a' 350 350 [18]
REEHI(ED) a 6 24 [18]
By R0 Y] (AT) d 26280 26280 [18]

S IR AR R AR T (SA) em? 2800 5700 [6, 17]
FE IR BRI BB (AF) mg+cm > 0.2 0.07 [18]

J RIS H - (ABS) Jo 0.13 0.13 (6, 14, 17]
o P HERL R F (PEF) m> kg ™! 1.36x10° 1.36x10° [17]
LR ABUERR I T (CSFpyention ) 7.3 7.3 [14, 17]
BRI AR B R T (CSF ) (mg-kg™-d7H) ™! 25 25 [14, 17]
I W A S AR R T (CSF fatation ) 3.85 3.85 [14, 17]

2 R 5118 (Resultssand discussion)

2.1 PAHs AR BEAT

5 Y ZIR A FE D R skAS HT A BE AR , 2 RS e 00 B3 14 1T BE &1 T o016 F B R is e i 4
RIS B R % IR A Y AT PAHs B9 A4 25 KU PEA ). 24 117, 3% T BaP 19 55 1 24 12 vk )3
(BaP,) T8 Z FEIET PAHs ARSI PR 202 3 2 AT, +3Eh 3 PAHSFI S, PAHSs 1)
BaP B 24 IR B A S4(E 7051 87.5+156.6 ng- ' F1 86.4+156 ng-¢™'.7 FPEUEME PAHs iY BaP FEbE
MR 1,5 16 T PAHs B9 R 97.8% (& 2a) , 3% 5 H B HFIT 45 R —3 " 2 B = 3R PAHs Xt
SEEE Y VR 1 DU K FIRER PAHSs, /R H 58 A 3R IKER PAHs (IR B K F = 95 PAHs YU
J£.DaA BaP BbF  BkF X i 75 14 24 o v B or Bk B8R, 4351 o7 35.2% ,30.4% ,12.3% #1 8.2%.DaA \BaP |
BbF BRI T 328 B HER >, BaP \BbF H1 BKF BB HE (1 #75y5 e 4 2 ) BLF 1 BKF ik
FER H TGRS X ST AR T 45 AR, i I 5% 26 I 5 HE I 0 1L BRI
B oE X 4 PAHs (19 EZORIE M BaP, X PAHS V- HIME A 32.9+37.4 ng-g™', 33.3%M KA 5t
fir 22 TR BT AR HE 1Y 10 Ff PAHs B HARZ%{E (33.0 ng-g™') (& 2b) , Him K (2 55)
LRSS AN 6 1, WA SEIX -3 PAHs 77 fE—E F B 1 XU BaP X \(PAHs BaP, ¥, PAHs_, #l
BaP_ X \PAHsHY 73 A B4 5 B AR — 8, 1—4 5 20,9, 11 Al 14 5 G i 3 P 2 5k K, H. BaP,,
Y o PAHsHHE IS T far 2% +- 4 HbR S5 (. X E 2 A [RERAE s 858 2 AR 2 80 PAHSs ¥R
BAFAEZE R 1—4 451 .9 11 Fil 14 55 PAHs WREEFIK T 800 ng-g™" , HiARAF 25 PAHs ¥ B R 434k
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T 300—500 ng-g™ ', #/NTFFH4ME 752.6 ng-g™', 3 H. DaA . BaP BbF BkF [ B b H & SRR 5 AG vk
e TS XA RHERAE S RIEA VL S /A A G, R T 14 S AL & 2R T A R AL
EYME (45.33 g-kg ™) A, HARRESAVE S R KT 50 g-kg™, Hf 2 58 HHEAHPUR S ERm
(73.57 g-kg™") R IX L HEA LTRSS PAHs W B35 EHSC, UH S 53R PAHs MM G HER
TG HUTE R E PAHs V5 Y BB RN R T 5 — 15 75 Y TR HE RO A OE, 1—4 SRR R
[l 25 S o A B HUCHIE T RS AT S =250l i BB K e AR A8, el it ab 5 =
BT, ST s R, 9 RN 11 5 S R T = 4 % T BRHUT, 0 4 R B0 AV R i sy, ek
A RS R K 2R S TR B 38 rp 1T 14 5 5 mT BE -5 LA 91 B2 X ke 1 B 30 A2 B9 L 543
BRI K.

R2 BRI ETHEREA 11 PAHs SCIMe B K T3k Y 1y i

Table 2 Measured concentration and BaP  concentration of PAHs in soils in Laolongdong karst though valley

P 25 LB bap

PAHs Mean concentration/ TEFH'4] Dutch soil quality standards/ eli]
(ng-g™") (ng-g™") (ng-g™)
Nap 145.8+92.6 0.001 15 0.15+0.09
Acy 17.8+11.4 0.001 0.02+0.01
Ace 18.6+9.07 0.001 0.02+0.01
Flu 66.3+37.3 0.001 0.07+0.04
Phe 73.4£58.1 0.001 50 0.07+0.06
Ant 4.96+6.69 0.01 50 0.05+0.07
Fla 30.3+£30.8 0.001 15 0.03+0.03
Pyr 23.1+£25.7 0.001 0.02+0.03
BaA 16.5£17.8 0.1 20 1.65£1.78
Chry 69.3+68.0 0.01 20 0.69+0.68
BbF 60.3+57.4 0.1 6.03+5.74
BkF 54.5+£79.8 0:1 25 5.45+7.98
BaP 20.1+£24.2 1 25 20.1+£24.2
InP 40.8+31.6 0.1 25 4.08+3.17
DaA 48.4+£117.2 1 48.4+117.2
BgP 62.3+43.3 0.01 20 0.62+0.43
¥ ;PAHs 752.6£635:5 87.5£156.6
> ,PAHs_ .. 310+390.3 86.4£156
¥, PAHs 518+410 33 32.9£37.4

Y PAHsER 16 Fft PAHs, X PAHs ., F/R 7 FEUEYE PAHs, X |  PAHsF R 7 2% - 3 ARERY 10 A PAHS.

Note: 2. s PAHs represents sum of 16 PAHs, ¥ ,PAHs_, . represents sum of 7 carcinogenic PAHs, X, PAHs represents sum of 10 PAHs of

carc
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Fig.2 Toxic equivalent concentrations of BaP sampling sites of soils in Laolongdong karst though valley
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2.2 NIEL TR () fi R RS A

4 ILCR< 107 7R B UK 76 7] 252 (5 Bl Y, A T 107 —107° Z 8], 7R A7 76 18 76 08 KU
TLCR>10~* W358 B A 4 KRV > 170 AR 3 T, JLEE BB TLCR VB 4051 1.17x107—7.11 %
107°F1 1.24x1077—7.52x 107, SF-HI{H Ky 8.8x 1077 A1 9.3x 1077 E A |, +3E PAHs % A A Y 2 4= 0 X
B AL T 107K KT 1070, 78 AT 32 i KUY E BB B 1 50 2 SoREE S E M 10°°( I/ 3) A eI HE
SO AR, T2 R A & 2 AR 3w, JLEE 5 N ILCR A ) 23 A #a 34 5 3 2 i vk B 40 A X
A, RIALABUE KK S 118 PAHs MM Y B A ¢, XS IMESE" I IT 4 R —B0 sk
H T AR AR RESHN S, B0 XS AP BAAEZ S AR ILCR fH& TILE (K3) , FZ 2N
JICN I W 52 N R J 4 7 A ) S0 XUISSE 2658 8, 3K 57 ISQ N AT 55 s P I R k8 AR 1Y) 2 5 01 OG5 (B
2 AT A BUE K ILCR,,,..0,(3.92x1077) KT AR ILCR,,,.,,(3.35%107") , FEEH R L
BAH R AR (200 mg-d™") ETFRAMIEAR (100 mg-d™") , R LM R o AR ZE A
S R EE SO B 9 R BRSAE ARG TLCR {5 T L #E A AME | Yang %51 AORF 5% 45 S 20 s i i J2 1k
PN ZE A = A A B0 XS AR Y & T LEE. e, SR RN 5, AR R 88 T L5 PAHs BUE
A 5 H 2 5 S B DA OC.

R3 JLESMAZGE T LI PAHs B0 X

Table 3 Cancer risk for children and adults resulted from PAHs exposure in soil

BRI R JLE Child A Adult
Exposure pathway T Range YJ{H Mean values JLH Range & Mean values
Z A 5.2x1078—3.17x107° 3.92x1077 4.45%1078—2.71x107° 3.35x1077
IR fish 6.43x1078—3.95x107° 4.88x1077 7:91x108—4.81x107° 5.95x1077
LRV IN 7.56x107"*—4.6x107"! 5.69x107"2 5.95%10712—1.52x1071° 1.88x107!!
SR XU 1.17x1077—7.11x107° 8.8x1077 1.24x1077—7.52x107° 9.3x1077
8.0X1076

JL# Children
B2 i A\ Adults

1234567 89101112131415161718192021
Sampling sites

B3 2l A A AT 1 PAHs B2 A B KUK
Fig.3 Incremental lifetime cancer risk (ILCR) exposed to the PAHs in soils Laolongdong karst though valley

2.3 HufR PAHs U X B RURS: A9 BTk

WA 4a 7R ANIRIEAR PAHs X LZE RSN ™ Az i fa B RS A7 76 25 5, I DaA il BaP XJ JL 2 Al
N T HE R 3500 IXUSS: o e, e e B 43 1)°A 5.04%107° 1.14x107°F1 5.33x107° | 1.21x 10, ¥t 1 Al 532
B RS, I ELBRN T ) LB 1% fedt o XU 2 1 . A 9 30 W1 Je ) 75 9t 1= 498 PAHs v BaP HA 51 & (9 B0 A
B2k EEUREN DaA Ml BaP BATEE EEME R B (TEF) , EATFE MM Y e i P 5 A 3 i L
&5 HIN 35.2% 30.4% ) , P I JE: A 3508 XURS: Y 6 ZE 5Tk IE B 4. DaA BRI R BT RETE K, A F
FEINA DaA BTEPERECH 5720 ARBFS I TEF (B4 1,78 AT BEAR A 1 H= A (0 XU B 9 X 7 FhEk
Jitk PAHs ¥ BaP, 5 & BaP, 9 LUK 3] 97.8% , IR EATTAT PAHs Y ILCR 19 STRRE K (5] 4a) X 4
LY N 4—6 3 PAHs, HUR i H 2—3 38 PAHSs fif, 12,5 5] X (PAHs 1 36.7% (&l 4b) , H:rp DaA F0l
BaP A3 B2 A HE B (E i T B A A B m ARk 2R 50, 7 A Al JXURG: B R A 4510 o) A A ) T
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EHE Yang S5 X N Vb L4 Hu S50 X = PR DI 7 L4 rh PAHS (g FE KU Bt 15 31
HLEIESE. W] PAHSs AL-G W RYFEIEROR , HE™ A A B0 XS 516 5 T RERILBOR. R I 75 2442 i A1F 5 IX
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2.4 NI R AR B RIS BT Rk

M3 3 n L BFFEIX 3D PAHS il i 28 48 A | B2 RF2 A | P IR N 3t o) L 0 0N 1) 300 XL
B JE L R 5.2x 1078 —3.17x107° 6.43x108—3.95x10° | 7.56x 10" *—4.6x 10" Fl 4.45x10*—2.71x
107° . 7.91x1075—4.81x107° 5.95x 10> —1.52x 10™"°. 28 [T 45 A 1 Hz Jk F22 ik ) 8098 XU 76 A S SR 5 B
R o R85 I 2 A2 3 ] A () 2 R A ot LB R N ) B0 RIS 7K P20 3R Ay « B ke > 28 11 8 A S I
WA 2 IR AN 28 A G4 1 JRUIS: 7K ST LGP I 1 A KT 5t 10°—10° 4% , DRIt WP 0 R A7 A ) 30
I DRV T DL 2208 R 4 AL BRSO IX 1= 43 PAHSs A9 35088 XU 1Y) 32 SR R IR AR 28 EL B AR R kA2 ik, &
AR R EOE AU B DTRRIL-T- 353 100% A XS A 1hd, JLFEAM I s/, #2 fioh = HERE AR T B, T DA
T 3o 7 R At O AIES T AR E G 8 11 B A 38 8 T I, DRI 28 11 8 A B LU A AR 0T 3 T N 7
HERE, JLEAHEPT T — K T A, BRI L T e LA B v 4 08 7 200 XU

R4 AFIREEENT BB R 1 TTER

Table 4 Contribution for different exposure pathways to the total cancer risk

FE P 18545 Exposure pathway JLE Child/% WA Adult/ %
ZOHA 44.512 36.018
J R fih 55.4874 63.98
)TN 0.0006 0.002

3 %58 (Conclusion)

(1) +3Eh Y PAHsH) BaP B4Rk 5l 87.5£156.6 ng-g™', 7 FhEUEYE PAHs 5 97.8% , Horh
DaA | BaP | BbF | BKF X B9 FEME 241 9 B2 5Tkl 35.2% 30.4% 12.3% 1 8.2% M58 XA 33.3% 1Y RAFE
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pS

38 &

SRR T 2 IR R R HAR S (33.0 ng-g ') , R 13 PAHs 7A7E—E T2 I KU BaP
> (PAHs BaPeqLPAHSW\BaPeqszAHsE’J/\%ﬁff_%ﬁEﬂi —HOR W Y 1R 0 70 A 52 PAHs YK
JEFNALREE I, X 5 A MU & 5 PAHs 15 YL U5 HERT R /0 A 2 U0 .

(2) LM AR ILCR BTS2 918 1.17x107—7.11x107°,1.24x107"—7.52x 10 SE-X{H 488
107F19.3x 1077, B AY KU 7K - 1 F L3, AR 3 7 T 3232 i KU SE BBl L, (A 2 /l\ﬁié#,maifeth
107 A7 AETEAE B0 KUK TLCR AR 43 A e 34 55 T 24 B 32 43 A 4 34— B0, 3R W) PAHs SRV 4 ik ik
JEE R R M 22 A B0 KU AT 1Y) R R R

(3)7 Fh# PAHs X PAHs (19 ILCR 5Tk K, Hort DaA I BaP 72k By BUR XS iR, AT BE S B
A= B B PR 2 f RO O, BRI M VR B R 1) P AHs X0 A 3500 XU 32 1

(4) AN[F] 2 BRI AR N A B0 KU 7K ST A7« R R4 ik > 28 188 A S WA 288 148 AR Bz JER A2 f
X 0 RV 1) BT Rk LTk 100% , LRI IR it 10°—10° 4% , &+ 3% PAHs 808 KR 19 32 222 77

AL
B A SCTERAE S0 A7 3 A v 75 30 P R A2l B~ B 5 S e P BA SR A0 Y I, PRI SR 7 s 1
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