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Fig. 1 Hydrogeological map of the Qingshuiquan underground river
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2018 4 2 H, 7E 1 7K S5 H T JAT PR AE b R K A
FZTURYIRE R (S01~S15) ., X BB R AL 5 F AT ik
RIS A b, LR I BT T A A T K
Pl B N2 3 S P N R | W B L & |
FZVTFY PAHs 1975 YetE it . Ho K A 2 DT
PR i o3 SR AR G B BB R R e RAE A8 EA TR AR,
FE b R AE S5 37 R 3% 22 S0 3 R i R AR o S S b 3L
Horpr, XFF UL RE S AT VR T4 L a0 (100 H )
SETAL P
22 MHmath

it o BT 9T 5 R 3 B HPLC 2 — & e
EC K%, N, 16 F PAHs IRFR . FIBCRIE RSP FIN
PR A, kiR 3 E 0 & [ 3¢ Fisher Scientific,
Sigma-Aldrich fl Supelco %/ H] o Hb R /K AE i A 56
JEUCEIEE 43 51K FH EPA 525.2 J5 il EPA 3545
J7EBE TR AL B, Ho, MR KRR S A% 32 i AL B
AR R K RE T 8 R R A AU e A AR I =k, AR
IS PR I v 48 K, A INAR ) E 25 2 0.2 mL fF
W FZ2DORPIREN B E TR BEAE RN 5 g FE A

55 ¢ TOKBRRERIR A A ASE ZEHUHL, %2 HUH]
AR TN, AR A ORI 48 AR, A R
YIFE R ZE 0.2 mL 50,

K £ E Agilent AR €8 35 BT g A 53 16 Fp
PAHs i, 16 1 PAHs 43l 8 Z5(Nap) . &/ (Acy) .
J& (Ace) . 7j (Flu) . JE(Phe) . % (Ant) . 2% (FIA) .
Pyr(t6) . #&Jf [a] B (BaA). & (Chr), XIf [ b]
WHE(BOF) . &9 [ k] KB (BKF) ., AJf [a] B
(BaP) ., BiJf [ 1,2,3-cd ] #(InP), —2KJf [a,h]
B (DaA) ., AJF [ ghi | dE(BgP) . GC-MS HyI 5
Mrac . (il A HP-5MS BUH: (30.00 m x0.25 mm X
0.25 pm).
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K FHOT 25 VR PATRE S Z R0 e b 47 o 4%
i, Forhorikzs (AL R BAR Ak G AR piAs AT
B B AR XA Qi 22 24 /8T 10%, FIH 3 4515 M L ok
T 2 K AT R rh PAHS (1495 B 46 0 B, 115 Rl 43 53]
9 0.22~1.50 ng-L™", 0.28~3.15ng'g '
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P 25 35— R TR) 43 5 A A LU A 1 AT
PAHSs 3k 8 fif BT =2 UL 0% 8] 2 S5 44 1A EL (B A
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JiR o

®1 BESRAELEZAIE PAHs SRIRAIFRAE

Table 1 Standard for determining the sources of PAHs by isomer ratio method

PAHsH{H PAHsE IR
AR A IMSEY) BB R AR R EERIR
FIA/(FIA+Pyr) <0.4 0.4~0.5 0.5
AHR TR AIMARBEIR A R PRBEAR
BaA/(BaA+Chr) <0.2 0.2-0.35 >0.35

2.5 PAHs HfEZH#ITE %

PP L R ALK, 2 LRI PAHS 7 TURUH
KM Z BRI R, HHREAXT.
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3.1 PAHs &2 X R FFiE

2018 4F- 2 H 4 R #f 45 PAHSs 7 1 45 B W% 2.
R K AR Y PAHSs £ 230 43 51K 287.83~
478.52 ng-L™' Fll 418.53~1232.23 ng-g ', “F {8 73 5

49 356.20 ng-L™ 1 721.51 ng-g ™o XF oA [7) 2R 4k Ay
PAHs & &, T /K ML AN [F 24K PAHS 7 &2
AR I — o 25 5 . 1R K AR R 4k
PAHSs i & w5 42 4 35>3 3£>5 2R>2 31>6 3R, L)
R (2~3 30) R 3, 5 R 38.83%; DLA Y R[] 24
BPAHs B & w2 A 4 38>5 31>3 35>6 35>2 3,
DA FR(4~6 38) A E, i bR 38.64%.

®2 FHARMTAY PAHs B8
Table 2 Content of ) PAHSs in the Qingshuiquan underground river

1R K/mg L™ TR Wmg-g!

PAHs M okl T M ot Famm
25 32.57 58.78 47.50 27.01 50.26 34.96
33 60.94 122.77 90.81 113.55 328.17 155.41
43F 87.76 225.14 122.40 132.16 428.58 254.28
53 30.41 126.07 72.86 47.69 366.27 190.26
63 943 48.77 23.66 28.29 173.66 88.54

> «PAHs 287.83 478.52 356.20 418.53 1232.23 721.51

FLF SCHK [17]-[20] FOASBIF 5 04 DU B0, T K
SR HLR TR PAHSs 7 i 2 4RSS IE L ANk 3 s .
FE 3 HRI A, £E 2012 4F 1 A & 2018 4F 2 J #iH],
WF5T X Hb T 7K Y PAHSs % 2 52 30 S RIS T 19
AL RFAIE, PAHS fe Il 5 1 BLAE 2014 4F 1 A,
170.50 ng-L ™', PAHs /& & = HH BLTE 2018 4 2 H,
4 356.20 ng'L ™. 7E 2014 45 1 H % 2018 4F 2 A M

], X UL PAHSs & it 2 I 34 W 7+ s 1) 2l Ay
fit, PAHs & i+ 20 12 %, Hb /K FUIERY) PAHS
i T 0 D DR A ok T T T AR R Tk AR Y
BERRAN WA, JCH LA AT We kb X LUR A3 | &
4T KRS AR R RIS R R B R AR £, R
RS K, T B 5T XN Tk 5 e 5 HE B S N
Helc R .

®3 FHARMTAY PAHs SEZFTLHER

Table 3 Variation content of ) ;;PAHs in the Qingshuiquan underground river over the years

s} 1] 201241 H 20144E1H 20144£12H 20164£12H 201842 H
N 7kmg L 220.98 170.50 191.71 356.20
TR YIng g 61.79 430.86 721.51

3.2 PAHs EEWZEHS T

ML 2, & 3 BIAL T 7K SR KBRS PAHS
TN AR . KRS PAHs & 7E
23] oA R LA <l S R <TUES 7
Az R I i T DX 4 T A e, ¥ G A b H AR
SR EEAR, N4 R S8 H B e T, 45 i
X PAHSs 75 A 7 e A0S b DX, o HE oo 2
B Tk i5 Yl 2, than&at) | Rads. KR 4,
X Tl ¥ YR ELHE S 3 & PAHs 2 E N, S80h
WA T b IX. PAHSs & 405 .

il 2 firzs, AN Xk R 7K PAHs % bl A
i ) 7 22 A 3 AN AR [A] o E B3 b X, Bl R OK
PAHSs 7 12t Bifi 7 B (1] 119 28 Ak 522 20 2 R AR b i 35,
M 150.33 ng-L™'(2014 4F 1 A )12 301.58 ng-L (2018
2 H); fEH i IX, # R 7K PAHS & R IUA ERR
e BERG B AR Ak R #, 7E 2012 4F 1 2014 4F 12 H
6], b F7K PAHs & & F i€ 7£ 177.24~187.10 ng'L ™,
{HZ] 2018 4F 2 H RS & 344.02 ng- L, ¥ K r —1%;
FE R EHBIX, b 7K PAHS &5 R PR SERAR S T
By AR A, SE M 255.13 ng L (20124 1 A=
212.98 ng-L (2014 4F 12 ), MR A 16.52%, J7 X BE
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Fig. 2 Variation of content distribution of

> «PAHs in groundwater
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Fig. 3 Variation of content distribution of
> «PAHs in sediments

W% 45336 ng' L, HEIE N 112.87%, HE 3 Fis, A
[i] DX 35k (R L AR ) PAHs 5 & I 4 B 1] 79 28 £k i 4 8
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N AR X S R K FIGLERY) PAHS 5 1728 fh i 3
AN, 3SR DR S AN [R] DX 3 ) 3k i A 0 Tl A 2
PR ANHHIR], T B0z XA {5 G PR AR 2 A WA
SRR, AT Az PAHS 75 6 i1 DI AR A0 22 57

3.3 PAHs RiRf#&T

i T ¥R PAHs(FIA, Pyr, BaA. Chr) A4 B i
MK SRR, 15 rP 3R PAHSs XEVE TK, (B 78T
B bRt B, 0K 5 850 T 7K PAHS #R U5 fi#
Brad S HRE AR I 28 10 75 YL U, T 4 SR AN R
W, Ty 2EiRZE . I, RT3 A 1 L
{EXF 2018 4F 2 H Y PAHs HEAT R IEMENT .

24 I 2012 4F 1 A #1 2018 4F 2 A 5 XA
] # X PAHS [R] 43 57 F 1R FLAA I AR PR 1 L o M 4
HRT AL, 2012 A 1 H WFSE X i s XY FLA/Pyr H
{EIRT 1, T PAHs R U5 A IR ; T i X 1Y
BaA/BaA+Chr H. {3 K F 0.35, {2 FLA/Pyr FL{H 1
AT 0.86~1.47, iX KW T ¥ PAHs R 5 LUE A A
RHRBEIE N 3, (AWAFE AR . 2018 4F 2 A L i
H1 X /) FLA/FLA+Pyr LA F1 BaA/BaA+Chr H {43
HIRTF 0.5 F10.35, B 1l PAHSs K 5 A= 4 ik
BEVR; 7 i DX i X PAHSs SRIELUR A TRN
&, ARSI

F 4 HEXKREHTH PAHs LLES ETHIER

Table 4 Variation of PAHs ratios in the Qingshuiquan underground river over the years

N UiF rhiE TUF
] PAHsHE — "~ ™
Al FH{E [l SEH(E T SEH(E
FLA/P 1.97~2.13 2.05 0.86~1.47 1.07
201241 A v
BaA/BaA+Chr 0.36~0.62 0.52
201842 FLA/FLA+Pyr 0.52~0.61 0.55 0.42~0.58 0.51 0.45~0.48 0.46
BaA/BaA+Chr 0.37~0.49 0.42 0.24~0.39 0.33 0.29~0.33 0.31

T 3 % EE 2012 4E 1 H F1 2018 4E 2 H A ] #i X
PAHSs R ] & 8, WF5E X b X — B0 A ) gk
AU, Dt DR L e b DX B 3T, 22 A ok BR TR 45 4 U
LI, Z VAR BS54 Y BREHEAE N 35 fErh
Ui X, PAHs A U5 H A i U5 5% 22 S TR A R, s A2
TE e b DX A I G 2 4Rk — EAETE B IR LA, (H
VTR AF 283 36 B H 8 U R B U /0N, [R] HsF B 30T 11 3 46
IR A A £, T8 PAHs R H BT ARk
16 R iFHIX, PAHS S8 i LUK AT MR BT ly T 5%
R VARG UR R, SRR i T A K b, #53%
A AEALT AT b AT T R, A

HERCERS D, 7742 PAHS SRIRAELK
3.4 PAHs &t

W55 X N R [R5 PAHS (9ULF4)—H T 7K 40T
ABAIT R R ILEE 5. TR 5 AT AL, RFEFRELK,
(BB K /NBUF g2 6 3£>5 >4 31>3 3>2 B, Hidb 6
B K, WMERR, N 2.53 Log ', 2 3R K, BI{E R/,
H0.75 Log s AR B FR BRI, K, {E
TR, ELER AR Y PAHS TR ) 0 AR
B

HRAEA B K, (A K, {8, 254 2.5 TRt
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x5 AEEE PAHs BB R
Table 5 Partition coefficients of PAHs with

different ring numbers

Kp/L-g"

PAHs M B T
2 0.75 0.75 0.75
KB 1.54 1.92 1.78
434 1.92 2.56 2.24
S5 2.25 3.53 2.40
6Fh 0.83 391 2.53

> «PAHs 0.75 3.91 2.37
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Fig. 4 Relationship between 1gK, and 1gK,,,
of the sampling point
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SKAE S PAHs 4 LA 4~6 358 =, MR 5 21 PAHS
H & A A BT, FEECA R R B K, DRI B
TR B RE I BCH . T4 RAE AT PAHS (1 1K, fH 7
T EBRZE, 3 R et RAE £ PAHS 7R3 Pl B b A2
BRI DL R

4 £ it

(DT A R T 7K A [R] 2740 PAHS 1)
ERF N4 K>3 30 >5 >0 3>6 FR, LUK 3R

(2~3 31) N &, VIR R R 5L PAHSs B & =Y
4 FR>5 A>3 FR>6 F>2 B, LU (4~6 35) R £
i 7K PAHs & 1= AT FY) PAHs 7% & (1 3 & FF-AE
A 25, 53 RN A SR 5 FHRRAE R 8 R R,
T AR Tl A B HE SR AR AR AR Y S

(2) K ¥R5EH PAHSs & s AE 45 [A] B oA il b
I o <l < T U, AR RN BUEE R
i, Tolk V5 YL i 2, PAHs HECR IS K . AL X8k
MR 7K PAHSs & AR BN, i 3 i ok
B, il SRR e R B g, RN SRR IS
AN IR PAHSs & AR A ], ¥4 1% i
N <k IR (ER ] P NGB

(3) AN X3 ) PAHS SKVR Z AR RLAA 22 57,
i PAHSs SR U5 — ELMAE W A BE R, i) PAHS
VR AR AR IR AR, T iF PAHSs SRR ik
AURBHIR Be I8 S 32 5 A8 SRy IR AR R 2, AR fb R A
2R AN [ [X 8k 4 75 Y VRS RN HE R AN AR [ 5

(4) RN IRI R E K, (E 19 KN A - 6 37 >5 35>
4 35>3 F>2 3, BfE AN, K, (Ed 2 W m, B
IREL R KA PAHs B 4 1) g AR 0 R BfF . S11-S15
KR PAHs 1 1gK, (B3 8t B FR, 4340 76 T 1iF,
FL PAHs 7ERURL ) - % B RE 7 e0m o 1T 8 4 R A A
() 1gK, (EA T ERZF, Wt PAHs 7643 Fiid ##
2V R LB A2
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Abstract

has been increasingly serious due to the acceleration of urbanization in this city and its dual water-bearing structure of

In recent years, the groundwater pollution of polycyclic aromatic hydrocarbons (PAHs) in Nanning City

underground and surface as well as the properties of PAHs. As a major source of drinking water for the city, the

Qingshuiquan underground river plays an important role in the local economic and social development. Therefore,
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more research on PAHs pollution in Naning City is needed.

Covering an area of about 55.3 km’, the Qingshuiquan underground river is located in the northwest of Nanning.
The strata distributed in the area are mainly upper Carboniferous (C3), Lower Cretaceous (K1) and Paleocene (E1),
and the lithology is mostly thick bedded limestone. There are two underground river pipelines in the area. The
groundwater mostly flows from east to west in the way of pipeline flow, and is discharged from the surface in the form
of underground river outlet at S15 and flows into the Bachi river. At present, with an annual water supply capacity of
19 million square meters, the Qingshuiquan underground river provides drinking water for Yongning district of
Nanning City, and is an important source of drinking water in Nanning City. In the upper reaches of the system,
pollution is mainly from agricultural and domestic pollutants. In its middle and lower reaches, pollution is mainly
generated from industrial enterprises, including cement plants, paper mills, quarries and gas stations.

Based on the previous test data and the sampling data of this study, the research is mainly focused on the
distribution rule of PAHs with the Qingshuiquan underground river as the research object. The statistics method,
isomer ratio method, distribution coefficient method and others were adopted to analyze the content, distribution
characteristics and source change of PAHs in water environment over the years. Results showed that, (1) The PAHs
content with different ring numbers in groundwater were in the order of 4>3>5>2>6, mainly with low ring (2-3); the
content of PAHs with different ring numbers in sediment were in the order of 4>5>3>6 >2, mainly with high ring (4-
6). The PAHs content in groundwater experienced an increase after a decrease, but the content in sediment saw a
gradual increase, which reflected different dynamic characteristics of PAHs content in groundwater and sediment due
to the urbanization and industrialization in Nanning City. (2) The spatial distribution of PAHs content in water
environment was listed as follows, upstream content<middle stream content<downstream content, which may be
caused by the increase of industrial pollution sources as well as PAHs emissions from upstream to downstream. The
variation trend of PAHs content in groundwater in different regions was different. The content of PAHs in groundwater
increased gradually in the upstream, stabilized initially and then increased sharply in the middle, and decreased first
and increased afterward in the downstream. The content of PAHs in sediments of different regions presented the same
trend of a gradual increase, but the increase rate was different. (3) There are also differences between the change rules
over the years. The PAHs sources at upstream reaches has been generated by biomass burning, and have changed from
petroleum source to the mixed one at middle reaches. At downstream, the PAHs sources has changed from fossil fuel
combustion to primarily mixed source. These changes are mainly attributed to different types of pollution sources and
their emissions in different areas. (4) Kp values of different ring numbers were in the order of 6>5>4>3>2. Kp values
gradually increased with rise of ring numbers, and PAHs with larger ring numbers tended to be adsorbed by sediments.
The 1gK,. values of PAHs at S11-S15 sampling sites all exceeded the upper limit and were distributed in downstream,
showing a strong adsorption capacity of PAHs on particulate matter. The IgK . values of the remaining sampling sites

are below the upper limit, reflecting the influence of dissolved organic matter on the distribution of PAHs.

Key words polycyclic aromatic hydrocarbons , underground river, source, partition, dynamic law
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