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Distribution and Sources of Polycyclic Aromatic Hydrocarbons-.in a Karst
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Abstract: To, findertand the spatiotemporal chatmn eharacteristics and sotlrges -of p(;lycycho aromatic hydrogdrbons in kdrst

!

.‘groundwater in a Btrongly industrial city, \the augbfirs _eb]lected 23 groundwater samples in the water and dry perlod in Lluzhou usmg
¢omponent spéctra of 16 types of poly(‘ychc aromatig’ hydm(arbom in combigatign with thg physical and chemical properties and
analyzed the spdtlotempordl variation (,hdI‘aLteI'lStlbb andsources of the polycyélic i;omatlc hydfocdrbons (PAHs) in karst groundwater

il heavy influstrial (nty The results show that the a’éerage concentration of z PAH i in the groundwater in the wet period has an order

of Llubel Dlstrlct’> Lludong District > L1ux1 Distfict > Jila Underground River and the concentratlon proportion of PAHs decreases with

the increase 6f the molecular weight, while the order The .dry period is Jila Underground River > Liubei District > Liuxi District >

Fiudong District, /The PAHs in the groundwater duﬁng"'ﬂ-le dry season have a high pollution level, while a low pollution level is

obsefved in the wet season. The main sources of PAHs are organic matter burns at high temperature such as fossil fuel, which are

produced by human activities such as industrial processes, transportation, heating, and cooking.

Key words: strongly industrial city; karst; groundwater system; polycyclic aromatic hydrocarbons ( PAHs) ; temporal and spatial

variation; source
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Fig. 1 Schematic diagram of the study area and sampling sites
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Table 1 Test results for PAHs in groundwater samples in the study area
FIKI/ ng MK /ng- 1L~
PAHs kX X BRI B ANT [EI4ES X BIZRIX TR T
(n=7) (n=5) (n=5) (n=6) (n=7) (n=5) (n=5) (n=6)
Nap 0.64~209.11  ND~50.30  4.20~74.63  0.35~30.16  18.25~105.35 4.34~50.71  4.56~23.86  9.60~42.15
Acy ND ~0.20 ND ND ND ~0.20 ND ~4.20 ND ~2.93 ND ~3.65 ND ~2.54
Ace ND ~0.78 ND ND ND ~0. 10 ND ND ~4.08 ND ~3.75 ND
Flu ND ~2.66 ND ~4.59 ND ~1.27 0.13~1.51 ND ~3. 64 ND ND ~2.23 ND ~6. 55
Phe 21.24~431.69  67.35~249.12 25.53~247.91 11.43~241.60 ND~166.70  ND~10.95 ND ~53.34 ND ~3.98
Ant ND~266.05  0.17~43.68  0.81~48.66  0.20~5.13 ND ~45.45 ND ND ~5.48 ND ~2.31
Fla 2.82~107.03  42.67~73.09  26.19~73.09  40.67~71.26  ND~31.13 2.18 ~4.65 L72~7.54  1.47~13.31
Pyr 113~65.87  21.65~41.9  9.84~41.99  18.61~52.41  ND~25.99 ND ~2.07 ND ~3.43 ND ~25.18
BaA 1L02~12.20  1.88~12.76  2.21~10.65  4.40 ~14.25 ND ND ND ND ~8.32
Chr 7.66~49.36  8.63~31.78  9.70~38.93  15.41~37.01  ND~1.94 ND ND ND ~4.75
BbF 1.14~10.01  1.51~9.09 1.42 ~9.09 1.57~9.72  29.49~155.65  41.62~84.66  26.93~79.11  20.90 ~284.19
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HRAEZERI AT AL, A S T /Ko PAHs B98F98 AR
Z(WF2), ERXH T KT PAHs FHF5E 2 4 H
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SR ARSI 22 AETEIR | K B SR B e R bR e
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UL KAR LG, ARBFSEHL T K R PAHs ¥ S5
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| s B, 5k WA BEOR B (G1/
7T 206-2005) HEAE (1.8 PAHs 552,000 ngsL~") /il
BaP YR, ARG 0 T K RE i h PAHY 2L
AR, k) BaP (L D4 AMHELR, WK HEHTA. 16
ngoL ", Ak ) BaP HAR 100% , fit i e i 5 5
271.88 ng-L~", #BHARUE 27 £52; BIRZMET 7
il PAHs W5 R SRV B2, 55 Z A FE IR XASUA 7K
) A2 F1 D6 4b BKF 8 bR, ¥ B4 150. 48
ng-L™'f1260.38 ng-L~', A2 A4 A6, D5 Fl D6 4k
BaP # A5, e 454 157.46, 118.81, 130. 83,

244 7N 5 B 2 40 &
%2 ERN#TKP PAHs RELLK"
Table 2 Comparison of the PAHs concentration in groundwater in China

WX Ho T kA > PAHs #eJE /ng- L~ S /ng 1! ik
TETE T pht B FLERK ND ~334.3 58 (9]
DY LA a FLERK 62.74 ~224.63 129. 8 [17]
DY IR L7 ¢ FLBRAK 55.86 ~115.15 82.9 [17]
A IR RB X FLEIK 4 ~32449 4420 [18]
VU2 AR FLERK 247.05 ~1867. 18 415.79 [10]
g1 REIRTR FLERK 151.9 ~483.7 234.5 [19]

3T AR R a FK 163. 87 ~209. 96 183.1 [20]
BT T KSR R b FHK 188. 15 ~280. 36 216.2 [20]
BT T K SR R ¢ FTK 236.59 ~367. 47 280 [20]
HRTHEER K 497.79 ~4968. 09 2134.79 [21]
PR AR T S K 627. 4 ~3503. 66 1797.81 [21]
G NV AE N FHWIK 341.01 ~3192.58 1608. 2 [21]
BRI R FHIK 842.3 ~4151. 81 1575. 66 [21]
GINIRERIE AR 76.2 ~212 138 [229
EUSIE = S AL K 73.9 ~339 134 422
ESUEZS AL LN Hok 81.5 ~8019 1439 = 14
R B BT Bk T 288.7 ~2252 755.9 : [23]
LI PG 2 SR ok 2137 ~9 037 | 5020 . .}5*241'
)P R - CEWK 54.7 ~192 102,3 " 6/ ¢
MM AT T K a ﬁ—?ﬁyj& q . 61.19 ~899.39 [ 315.7 - ZIS‘HF%*#
BT K o Bk ) 105,87 ~854.47 4 ol AWtgy

A0 B EAR I ORI ¢ SR DS /BN L S’

271. 88 %94. 03 ng-L1'; 53 FE IR E( @%Tﬁﬁ
(P 6 A BEVG YL ) K bR (2009 ) ) A L, BaA Al
Chr 75 F /K W HAR AR S, 48514 60. 9% 1 100%
MK IASEAR AR A, BbF, BKF Fl BaP 764 7K 1 48
PRRARE, ¥ 100% , EEBARR AR &, FEKIHE
AR 39. 1% | 26.1% . 8.7% , InP Hil DaA F
RK LA KA ;B KA 275 YL i R K o
PAHs N 0 ~5 ng-L™", 2@ {5 iy Kk rh
PAHs #¢J¥ K TF10000 ng-L~- "% 52 HLHFFEIX
Wb F/KZ H) PAHs 154, (HARZH ™ i5 4.

*3 BEMALEE PAHs FEREIRME/ng-L!

Table 3 Environmental quality standards for PAHs in countries and organizations/ng+L ™!

PAHs WHO Tk F 7K b r T R KK AR B IR R R SRR BE USEPA Frife
Acy 1200 000
Flu 1300 000
Phe 2000
Ant 9 600 000
Fla 500 300 000
Pyr 960 000
BaA 200 4.4
Chr 4.4
BbF 4.4
BkF 100 4.4
BaP 700 10 100 4.4
DaA 4.4
InP 4.4
BgP 100
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T3 KB AEACTE R 5 F A K B4 B 4 4> 0
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.“Ace Ef’aﬂ“ﬁ}):'ﬂé/ [26, 32] , BaP, D@A %%ﬂf:ﬁc
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LR 4 | Pl Phe 45 7 5 e )|
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BRBEE R E YT, RS = R T AT
I R0 i R e S N 2R E Bl B U E IR A
>0. 500 0f)) PAHs.

MK 9 BT 25 TTmk AN 82.493% , F ML TT
kR 2 9N 42.762% . 20.548% . 11.738% I
7.446% . HF—EMRAE Fla Fl 4 ~ 6 FRAY P 3R
44y, Hoh Fla, Pyr 5 7% B % BR B U5 2,
BbF . BKF, BaP #5783 U HER >, B —
BT RA RS A IR 55 — F iR
fIE Phe, Ant, Fla, Pyr, FEFE/RBEBREARAE ]
PRI SR — 3 A AR R IR BRI 5 56 = e RAE
Flu, BaP, H.r BaP % (100% ) i i F Flu
(13%) , BONNEE =TI F Bk T 52075 YL

T340, 45 00 S R4y R AE Acy, HeoR 9 56 0 e
PECT R A U MR R A jf”k%?a/)?

22 2 UK [l Ak A @$$é}7k%ﬁﬁ/@1t@ﬂ
. ' - 4
> 16PAHS$7J}@; 5 0 83PC1 +0.39PC2) 4~
J 0. 38PC3 £0.21PC4 )
Z PAHSHM = 6 89PCI +0.30PC2 ¢
g 0/33PC3 + 0.23PC4
MR 2SR 43 5 S BT 5T X R Ak B R ko
PAHs BTHRAS, 1538 KA £ ORMIR B X 1 T 7k
Hil PAHs 1) SR 8l 85% , 1 W UK 5T MR %N
15% 5 7K AT RRRHERGE 1 ST A< 100%

F4 WREHTKAR PAHs IEH DT

Table 4  Principal component analysis of PAHs in groundwater in the study area

PAHS FK Mk
PCl1 PC2 PC3 PCl1 PC2 PC3 PC4

Nap 0.484 -0.088 0.624 0.299 0.157 -0.172 -0.393 -0.611
Acy -0.156 0.617 0.516 0.303 -0.097 -0.232 0.235 0.771
Ace -0. 106 0.742 0.552 0. 241 -0.168 -0.076 -0.250 0. 039
Flu 0.478 0.295 0.528 -0.147 0.011 -0.025 0. 885 -0.042
Phe 0.596 -0.554 0.521 0. 050 0. 166 0.958 -0.010 0.043
Ant -0.246 -0.109 -0.025 0.028 0.198 0. 964 -0.051 0. 064
Fla 0.823 -0.458 0. 059 0.017 0. 507 0. 832 -0.067 0.072
Pyr 0.897 -0.214 0. 093 0.243 0. 806 0. 544 -0.147 0.052
BaA 0.878 0.225 -0.168 -0.248 0.931 -0.240 -0.102 0.083
Chr 0.924 -0.097 -0.021 0. 005 0. 901 -0.261 -0.204 0.158
BbF 0. 890 0. 164 -0.171 -0.142 0. 809 -0.228 0.381 -0.242
BkF 0.797 0. 056 -0.262 -0.080 0.878 -0.011 0.193 -0.173
BaP 0. 042 0.570 0. 064 -0.518 0.572 0.118 0. 686 -0.179
DaA 0. 341 0. 695 0.110 -0.369 0.767 -0.256 -0.264 0.201
InP 0.367 0.358 -0.672 0.495 0.945 -0.231 -0. 101 0.082
BgP 0. 340 0.758 -0.382 0.334 0. 945 -0.231 -0.101 0.082
FEIEH 5.818 3.201 2.263 1.172 6.842 3.288 1. 878 1.191
F /% 36.362 20. 005 14. 145 7.322 42.762 20. 548 11.738 7. 446
B/ % 36. 362 56. 367 70. 512 77. 835 42.762 63.310 75. 048 82.493
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