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ZeBT 5% 4 2R DL ARGE A BF 7L LA 7 i X E 7T 8 Dol X
A G BTN HIEE KBRS IR %
FRAEFAE S MU, LU O 4 1 R K TS e A E A 4R
BRI, SR 8 e X T LR L ol A5 R L T K
PRar A 4R (R 2 4K .

1 MHEF=E

1.1 WHREHER

XA FREGEERBXEHETIX, 55
MAMNK (=& 100075 t/a) LT (GZ& 55 7
t/)ME BT (REE 20 12 (kw » h)/a) % KA £
b, & 1 RS, TAE X M Ab JRT il A B, O PR
BHOP R ERE A ZFREEREREE. KN
HMERAEE TR R (R 555
(LD ZICH A MERBR T AEBE, B2
AW FEENRERMFZEWQ™) B 25. 86 m;iF
AWR(QNHE B 2~15 m; FREERARET
GRWHC.HMBE EEREZHRAZE. REFIK
FAm & BE 197 m, RREHE AR ZKL H
ZK2 HH# 65 m . IB/R T HE A SKIZLEH BN
1. T3 R AL . BFSE K H T K R 4 R 5 T R FLER
KFIBRAET A w5 KA H = 5 b ey R B R ok
FRER, OFENAEILEK . BERERIH LEFH S
KA AR 5 AT e AL AR A R+ A BR A ROREE
ERPEZFERBKEN. ORBABEWAK. THEXNTF
REENBEE KRATE S AER, MBEBILEL
B ANTHEBEEABEMHTKESE.
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i LAWE-& B2 Al B R LU G o HEt s A,
— 1 FRERARARXE, @A 15 km?, R
DCHL T KK 2 HELRE N . TR NEOWHAERA
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T K EBEXRBANERER ERRNERFIE. KA
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& o B R A R B AR AR ME DD2008 — 01 He F K 15
P2 PEAM MDD BRI AT . SREERT ST 3
FK R G BT KEER R 1 L BALE It A5
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Fx1 MAREBRKEMTEF PAHs WRERE

Table 1 Concentrations of PAHs in karst groundwater and soils in the study area

PAHS ZK1 H K ZK2 #jk JO 3k USEPA bttt R + 3%
€Y AES) CHE X CHE XD TR(0~20 ¢cm) TR(50~60 cm)
ng/L ng/g

Nap 178.95 167. 03 102. 36 / 182.0 116.0
Acy ND ND 0.30 / 10.1 ND
Ace 0.14 20. 16 0.12 670< 103 ND ND

Flu 0.73 10. 61 ND 1100X103 25.3 11. 4
Phe 415.8 434,51 560. 21 / 190. 0 38.5
Ant 250.76 246. 62 296.01 8 300 X103 23.3 ND
FIA 42.54 24.2 55.94 130x10° 304 40.3
Pyr 145. 63 61.56 73.02 830103 228 41.2
BaA 12.79 14. 26 20. 88 3.8 90.5 15.8
Chr 52.48 92. 24 166.57 3.8 156. 0 26. 9
BbF 28.86 43.58 48.83 3.8 147.0 23.6
BkF 31.67 15,59 34. 60 3.8 50. 3 9.1
BaP 0. 99 3.07 1.09 3.8 68. 1 11.5
InP 0.82 1.49 0.73 / 48,7 13.1
DaA 0.09 ND ND 3.8 ND ND
BgP 1.43 0.88 0.61 / 56,5 11.1
YPAHs 1163. 68 1135.8 1361, 27 / 1 580. 6 358. 2
2—3 ¥ S PAHs 888.92 903. 13 1014, 94 / 735.0 205. 9
4 R 2 PAHs 271.43 227.23 343.9 / 672.3 116. 6
5—6 ¥ 2 PAHs 3.33 5.44 2.43 / 173.3 35.70

HNDRRERS,

2 TEME# TR PAHs 9K E

Table 2 Concentrations of PAHs in groundwater from different areas

X PAHs & W E /ng/1. P91 /ng/L IR FRAE SCik
AR K CRENID 16 1135.79~1 361. 26 1211.25 WL UTEE R E T

TR E B R 16 54.7~192.0 102. 3 W, DA TS R R [13]
ERERINEE R 16 288.7~15 200 1 696 WKL LA T8N E [16]

PR E R R 16 81.5~8 019 1438 Al _E [16]

1L AR B A SR 14 1.2~317 17.9 WXL T BN E [17]

B BA T K D sl CEE R 16 667.5 B X A0 9tk 3k [24]

L7 2 b X CE L) 16 2 137~9 037 5020 X, By R [1sl

AT 30 PH i 403 (LA 16 51~389 133 R, 388 7 5 K (8]

A b I P 8 9 R (LD 16 55.86~224. 63 106. 31 Rk bl | v B IF R [10]

KM T ok (WL 16 4~32 449 4 420 WK, U Tl 58k % [7]
Groundwater in Rawalpindi, Pakistan 16 201~1 634 763 HAE Tk X [4]
Groundwater of a semi-arid region in India 12 13.2~64. 3 31,86 AT K (5]
Groundwater of Gorakhpur,in India 16 10.24~43. 85 20, 95 PEIX T 95 K (6]

A coal tar sites in Neckar valley in Germany 7 162 700~ 208 900 186 300 P [25]
Groundwater of metropolitan city,in India 16 127 600~532 900 300 460 T X [26]

Groundwater of Rio de janeiro ,in Brazil 16 50~124 790 PRk [27]
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AEAHRES O M E R X e T X S
T AT IT R X R AL AR Tl X, W T AR N
DX 32 £y X 3B K T Bt X U0 45 e A B AR B S
R, AUIRKG T KA THERLREE. 5825
G A 2R 3T T B i SR A DX O 95 2 6 3t R KR
] A BT 22 IX 4 T 7K 3% WL 7K SV TR RS B TR R L AR
B B — R B Bl

3 SaH5itie

3.1 ZBE/KEH PAHs HIRER

KT PAHs MR BRMTIH R E/ET KBS,
Baumard 2 F| 2 4 T8 PAHs(XZ LMW, 2~3
MERHESFE PAHsS(ZHMW,4~6 M)

M BRK /S ERBEMBRBER. M2 LMW/2
HMW e E>1 <1 650 30 87 R B 28I AR 5
IR ; Budzinski 2 %) B [t {5 Ant/Ant+ Phe>0. 1
<0, 1 B4 S H E H K IR AT E R E . Yunker
R FIA/(FIA+Pyr) <<0. 40, R AE LLA THIE K
F;0. 40<<FIA/(FIA + Pyr)<{0.50, B AMEY
AR IR s FIA/(FIA+Pyr) >0. 50, B 1F LI B K 4
BREEIR K 3 BaA/ (BaA+Chr) <<0. 2 F1>>0. 35 4 B
FIE AR M KB, 0. 2<<BaA/(BaA + Chr) <<
0. 35 AW E BB AR ; % E A HRCY #iGE Pyr/
Bap HAHTE 1~6 Z A1 F /R AC@i5 R, £<<1 B £
IR A 1595 G2 ¥R Bap/Bgp FL{ETE 0. 30~0. 44 22
B RSB IG YR L FE 0. 9~6. 6 Z (B F MRS 4
B, HAEXAENFEF PAHs A EHES] T % 3,

®3I WAREXHREATES PAHs P4FELL{E

Table 3 Characteristic ratios of PAHs in environmental media of the study area

SLMW/ Ant/ FIA/ BaA/
78 F15 4 Rt a RRE Pyr/BaP BaP/BgP
SIHMW (Phe+ Ant) (FIA+Pyr) (BaA+ Chr)
+ 5 TR(0~20 cm) 0.87 0.11 0.57 0.37 3.34 1.21
TR(50~60 cm) 1.35 0.00 0.49 0.37 3.58 1. 04
T 7K JO—25m 2.74 0,35 0. 40 0.12 0.35 0.94
ZK1—25m 2.70 0.38 0.23 0.21 0.93 1.48
ZK2—25m 3.40 0. 36 0.28 0.13 0.53 2.79

MAXEKZLBERELIZEO~20 cm)FH 2
LMW/2ZHMW <1, B/RHE s PAHs RIET
PRBEIR , MIRJZ 1 (50~60 em) 2 LMW/ X HMW [t
H>1, 4 FKH 2 LMW/ HMW HEH>1, % &R
HRRTBUEREMES .S PAHs TERK T
THERZE,MERF PAHs A5 7 FEB1 (& 2); 5
b 4l HE R R K B 3 PAHSs 7 A B H#UF K ET
EHEBHNRMEZFEYHES, Wik X LMW/ 2
HMW LLEB R ARE T RKEL M FAFASHH
%, AR5 FE LB Ant/(Ant+Phe) L >0. 1,1
BRFEH PAHs FERFE TRER. KEZE L H
Ant/(Ant+Phe) L{E<0. 1, JEF £t F+ IR K4
AL, Ant B ER BRI T R at, £ % +
Phe R & T Andt™ % SR, v F +HEEE %
BEESH)Z T T KFE Ant/(Ant+ Phe) H{H
H0.35~0.38, @ TEL, BARABEE, XML
R R A S /KBETR Ant . Phe WISt R T E R
B RREMMTEMMERIEN R, LEESZ

(RLEMERE L)W FIA/(FIA + Pyr) HAE K 4 5
0.57#1 0. 49,BaA/(BaA+Chr) L {E¥ X 0. 37, i &
P A R BB BE VR, i b F K F FIA/(FIA+
Pyr) LB 4 0. 23~0. 40, BaA/(BaA+ Chr) H{E H
0.12~0. 21, HEMHLEB TG MR, X5 EHF
B FEIER PAHs 15 IR AR — 30, R AT B6 5 PAHs
TESKBRERNEYRERAE LS, LERPHK
Pyr/Bap.Bap/Bgp B4+ I 7E 3. 34 #1 3. 58.1. 04
ML 21, Al B RS E G RE REERR, LER
A EERZ R TIBUFAEMN PAHs, SRS T
302858 B S HE O gk T R B R K SRR 7%
# N K H By Pyr/Bap.Bap/Bgp B 5 B4 0. 35~
0.93 M 0.94~2. 79, I E W FE QRIS L, X
5 bW IR KRR T ARAE T KB R
— B, 45 STk (36 19 38 A9 BA BE A 1k RO R AIF L (AR
. H, 5B EKEFH PAHs EERE T HIE
BRI TR B HE AR
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Ant.FIA.BaA,BkF,BaP, InP.BgP10 ## {k PAH
EWRESRRE, Cao FZHI G4 T Acy. Ace,
Flu.Pyr.BbF.DaA 6 f &k PAH 4 & XK IF4r.
X 16 f PAH AN &AM ERAEELE 4. &
AT LURR R BT A BT 2 RQNCs<<1. 0 E iR Ab
FAEAB, 2 RQ( MPCs) >1. 0, BB FeHE S
e, B 7 BP R B2 E R, ¥ RQNCs>1. 0 H

RQMPCs<C1. 0, Bt B &b T v S XU Ky » 75 % J8 R 4%
HAMEE . hE 4 /.3 MREEASF, Acy.
Ace.DaA 3 A PAH 4b FAKREK: ; Nap . Flu FIA [ Pyr
({¢ ZK2 3+) .Chr,BkF .BaP.InP.BgP 8 fist T i &
X s Phe,Ant,Pyr(ZK1 1 JO }#).BaA.BbF 5 ff
PAHAATEIFLENG., YHMEFNZ EEM,H
SR EUHE HE LA BRI 2616 & 4 B 15 e LR

x4 HREH#TkSH PAHs B9 RQ(NCs) #1 RQ(MPCs) &
Table 4 Values of RQ{NCs) and RQ({MPCs) of PAHs in groundwater in the study area

RS ZK1 ZK2 JO 3t
PAHS NCs MPCs R RQ RQ wE RQ RQ wE RQ RQ
ng/L (NCs) (MPCs> ng/L (NCs) (MPCs) ng/L (NCs) (MPCs)

Nap 12 1200 178. 95 14.91 0.15 167.03 13.92 0.14 102. 36 8.53 0.09
Acy 0.7 70 ND 0. 00 0.00 ND 0. 00 0. 00 0. 30 0.43 0.00
Ace 0.7 70 0. 14 0.20 0. 00 20. 16 28. 80 0.29 0.12 0.17 0. 00
Flu 0.7 70 0.73 1.04 0.01 10. 61 15,16 0.15 ND 0. 00 0.00
Phe 3 300 415.8 138. 60 1. 39 434.51 144. 84 1. 45 560, 21 186. 74 1. 87
Ant 0.7 70 250.76 358.23 3.58 246.62 352,31 3.52 296. 01 422.87 4.23
FIA 3 300 42.54 14.18 0.14 24.2 8. 07 0.08 55.94 18. 65 0.19
Pyr 0.7 70 145. 63 208. 04 2.08 61.56 87.94 0. 88 73.02 104. 31 1. 04
BaA 0.1 0 12.79 127.90 1.28 14,26 142. 60 1.43 20. 88 208. 80 2.09
Chr 3.4 340 52.48 15. 44 0.15 92.24 27.13 0.27 166. 57 48. 99 0.49
BbF 0.1 10 28. 86 288. 60 2. 89 43.58 435. 80 4. 36 48. 83 488. 30 4.88
BkF 0.4 40 31.67 79.18 0.79 15,59 38.98 0.39 34.6 86. 50 0. 87
BaP 0.5 50 0.99 1.98 0.02 3.07 6. 14 0. 06 1.09 2.18 0.02
InP 0.4 40 0. 82 2.05 0.02 1. 49 3.73 0.04 0.73 1. 83 0.02
DaA 0.5 50 0.09 0.18 0.00 ND 0.00 0. 00 ND 0.00 0. 00
BgP 0.3 30 1.43 4.77 0.05 0. 88 2.93 0.03 0. 61 2.03 0.02

2 PAHs 27.2 2720 1183.6 1255.3 12.6 1135.8 1308.3 13.1 1361.3 1 580.3 15.8

H:RQ AR, cPAHs HA e Ef PAHs AR IE, cQV A XM PAHs B7 5T A9 KBS FR 18 , RQNCs by 5 I IR 7k B KU 77 {8
RQMPCs 2 £ 5 XS 46 FE KU R 1, cQV (NCs) N KRS BR v . cQV(MPCs) & i KU r £ .

4 & &

(LA RXEBIKZHNZPAHs KE R
1 135.79~1 361. 26 ng/L, EWMEE AIET HEH
T X H# T KA PAHs IGE B 25 B . B0 £, K
B PAHs & TH .53 PAHs, SHAG#H XML, &
ST X T kAL Frp &5 i5 e A2 B PAHs R IE L EH B
AR RR PR TR AN AR TR, 5 ol X T BR AN AT
8, 3 PAHSKE R 1 580. 6 ng/g, Lk 4~
6 ¥ PAHs & %, B F E 5 % /K F (Maliszewska-
Kordybach E 7 BIAR#E) . BFFR XA # T K& KE
) PAHs 5 Y FRIE S5 ek AL ie g9k L2
FHE R A IE R LIS 3o — 3.

() BFFE X b R 7K Z 88 5 B IR T U R T AR X 5k
T /KE £ %% PAHs {54, H H S HEM X PAHSs

WESTERXAMR, RVTEEEKZHEHEER
BRENEFE. W5 X oA i 5 U i L 2B B =
W Bz A L A PAHs & K212 #% 41
T B R RA FN, 75 5PN R BB T K,
T PAHs A B H R T K B ol B UE K &
L T 7K K (7 46 % 7T RE & K JZ  PAHs B AETS
SEER

O TR Tk E . HEIF k] EFH[a]
BELEHIE[1.2,3-cdJBE I [ ghiJdb 4t T v 4 4 75K
W, 3E VBLBE VR L JEL b R BA TEIT R E

(4) e Hy FR A E E K o v 51 A b e T s R K AR
B TE LR 3R B 5 I X A W, K AL6 T 3T H R K
AULERYERBENERAMEE? EFEH—2
B 5T B Bl (AR
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Preliminary study on contaminant of polycyclic aromatic hydrocarbons
in valnerable karst aquifer in a heavy industry district

KONG Xiang sheng' s MIAO Ying', LUAN Ri-jian’, YANG Qi-yong', QIN Su-ni'
(1. Institute of Karst Geology, CAGS / Key Laboratory of Karst Ecosystem and Rocky
Desertification Rehabilitation , MLR, Guilin, Guangxi 541004, Chinas
2. Shandong Testing Center of China Metallurgical Geology Bureau, Jinan, Shandong 250014, China)

Abstract One heavy industry district (steel and fertilizer plants) in the karst area of southwestern China was
selected as the study area. The groundwater and soil samples in the hydrogeological units were collected,
from which 16 polycyclic aromatic hydrocarbons (PAHs) prioritised by USEPA were analysed using GC/MS
method. The results show that total concentration of the PAHs in groundwater ranges from 1135. 79 to
1361. 26 ng/L, with dominant species as phenanthrene, anthracene, naphthalene, chrysene and pyrene.
Compared with other regions, groundwater pollution due to the PAHs in the study area is of a middle level.
According to National Recommended Water Quality Standards of priority toxic pollutants (2009 USEPA) ,it
is found that benzo[a]anthracene, chrysene, benzo[b]fluoranthene, and benzo[ k Jfluoranthene exceed the
standard. The figures of PAHs characteristic ratio suggest that the PAHs sources in the karst aquifer were
derived from incompletely burning and coking of coal, which are similar to contaminant sources discharged
by steel and fertilizer plants. The karstic groundwater in the downstream areas have been highly polluted;
and it appears that the PAHs concentration in the discharge area is a higher than that of runoff area. Impact
of the PHAs on the karst aquifers is sever, which can be attributed to the following two aspects. On the one
hand, common presence of karstic depressions, dense [issures developed in the karst, weathered dolomite
and fault fracture zones provides a favorable condition for PAHs migration in the karst aquifers which are
high vulnerable to the contaminant. Meanwhile, large quantity of groundwater in source areas has been ex-
tracted for industrial use, which speeds up the infiltration of pollutants into the karst aquifers. On the other
hand, the surface water level in the study area has been raised owing to the construction of the Honghua hy-
dropower station dam which stores huge amount of water in the reservoir; this in turn elevates the groundw-
ater level and slows down its discharge to the stream system. As a result, the self-purification ability of
PAHs in the karst aquifer decreases. The location of pollution sources in the groundwater system is also one
of the factors that impact of the PAHs migration in karst aquifer. Risk assessment of groundwater suggests
that the content of phenanthrene, anthracene, pyrene, benzo[ a]anthracene and benzo[ b ]fluoranthene in the
karst groundwater is at a very high risk grade. Thus. it is suggested that local government should take im-
mediate intervention to reduce this pollution risk.

Key words polycyclic aromatic hydrocarbon, steel and fertilizer plants,karst aquifer, vulnerability, risk as-

sessment
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