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Distribution and Transportation Characteristics of Heavy Metals in Nanshan
Laolongdong Subterranean River System and Its Capacity of Self-Purification in
Chongqing

REN Kun'?, LIANG Zuo-bing’, YU Zheng-liang”, ZHANG Yu’, WANG Rong’, YUAN Dao-xian""’

(1. Karst Dynamics Laboratory, Ministry of Land and Resources & Guangxi, International Research Center on Karst, United National
Educational, Scientific and Cultural Organization, Institute of Karst Geology, Chinese Academy of Geological Sciences, Guilin

541004, China; 2. School of Geographical Sciences, Southwest University, Chongqing 400715, China)

Abstract: For figuring out the distribution and transportation characteristics of heavy metals Mn,Pb,Cu and As among overlying water-
pore water-surface sediments so as to offer a scientific basis for the development of urban construction and protection of karst
groundwater, overlying water, pore water and surface sediment samples were collected in December 2013 ( winter) and June 2014
(summer) respectively. Results show that the detection rates of Mn, Pb,Cu and As are 100% both in overlying water and pore water
with the concentration Mn > Pb > Cu > As, summer > winter, pore water > overlying water, respectively, and the groundwater could not
be a source of drinking water because of the excessive content of Mn and Pb. In addition, the concentration of heavy metals Mn, Pb,
Cu and As in pore water are higher than that in overlying water, indicating that heavy metals could diffuse into overlying water from pore
water because of concentration gradient, especially in summertime. Moreover, study also finds that heavy metals are accumulated in
surface sediments, the total content of four heavy metals has a decreasing trend between UGR6 ( sampling site 7) and UGRS ( sampling
site 6) , but has an increasing trend from UGRS (sampling site 6) to URGO( sampling site 1). Mn, in surface sediments, has strong
instability and mobility, which can not only cause the pollution of overlying water but also enlarge contaminated area. In a word,
Laolongdong subterranean river has strong capacity of self-purification, especially the surface sediments.

Key words : heavy metals; distribution; transportation; capacity of self-purification; subterranean river system; Nanshan
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Fig. 1 Map of study area and sampling sites
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Table 1~ Basic physico-chemical properties of overlying water and surface sediments
RCUS RIZVM KB

PRI pH R/ EC/puS+-em™'  DO/mg-L"! W R &+ ToC &F  EE

X% #%F A% HE %% #%F %% @z "M /% /% /% /% Jem  /em
UGRO 7.18 6.70 18.8 19.1 887 936  2.60 2.69 7.43 2.13 83.84 14.03 5.46 37 50
UGRI 7.60 7.21 18.9 19.9 857 935 2,30 2.63 801 O 76.15 23.85 1.14 45 63
UGR2 7.10 7.27 18.9 19.7 859 927 2.00 2.57 7.99 0.24 87.23 12.53 1.87 75 85
UGR3 7.08 7.26 19.0 19.8 858 925 1.56 2.49 7.85 0 86.17 11.15 0.62 76 89
UGR4 7.04 7.23 18.9 19.7 860 946 0.8 1.21 7.00 O 88.37 11.63 2.59 75 87
UGRS 7.19 7.23 19.0 19.7 859 947 2,49 2,29 7.65 1.13 86.41 13.59 1.60 70 85
UGR6 7.13 7.18 18.0 19.6 1064 — 4.25 4.38 832 268 8525 13.62 1.60 30 =120
FEHIE 7.19 7.15 18.8 19.7 892 936 2,29 261 7.75 0.8 84.78 14.34 2.13 58 71
T v O 22 0.19 0.20 0.35 0.26 76.59 9.211.05 0.93 0.43 1.13 406 4.33 1.59 20.16  16.10
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H1 ¢ 2 RIHT, 78 0 3T 7 A SRAE A5, LB
JKHt Mn, Pb, Cu Fl As FEP 2= 0 #0A K s, A6 i
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~263. 13 pg- L~ Z (0] 4 Fp 4 J@ ot it vk B ST Y (E
I3 1,922 mg-L7', 215.94 pg-L7'. 175.18
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3.2.3 EZUIH

AHFFFTHEHL 2013 4F 12 H BORE R i 562
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71. 43% ,ULEA & e T R 2R A e 4 R
HERZR. Cu MES RZEURK,50.79, /@mA 5
P, R TR Z TR &AL S Cu B A8k
53R Ph AR R R U/, R 0. 14, 8 RFE S B i
AR s Mn  As 28 5 R EUE .
3.3 RIZVIBYES IR S A
3.3.1 HE4JE S saS s

WEFE X 4 F e 4 14 Sl e T I Vo] 308 ] S 184
R (& 2, UGR6 BRI , vk B b T a7 78 3 8h 9 i
A S ES RGN A. UGR6 i T&k
I 1 30 A A ) R GRS, il 2 T R 7 2 2 b A T
TS R A S 3 A A e b 3R B 4 R T R R
T 7K bR 08 S5 3 A2 A ML R A3 UGR6 AL UL FL )
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Table 2 Concentrations of heavy metals in overlying water-pore water-surface sediments of Laolongdong subterranean river
K FLBRAK
R Mn/mg-L"! Ph/pg-L"! Cu/pg L~ As/pg-L! Mn/mg-L"! Pb/pg-L~!
X% HE XF HE &F HFE &XF HE XF HE XZF HZ
UGRO 0.134 0.241 2.87 5.32 3.40 6.32 2.76 3.99 1.68 2.32 178.33 353.21
UGR1 0.138 0.237 3.68 7.33 475 564 2.64 3.97 2,49  3.21 152.36 176.33
UGR2 0.133 0.243 1.33  7.33 2,45 532 288 408 204 3.22 128.37 198.37
UGR3 0.135 0.249 2.01 8.33 2,56 5.93 2.07 4.65 2.78  3.43 142.36 253.65
UGR4 0.138 0.272 6.65 11.34 2.95 584 3.53 3.25 278  3.68 325.66 425.31
UGR5 0.15 0.279 537 933 269 573 3.47 2.0l 0.86  2.32 286.13 326.33
UGR6 0.163 0.103 4.33 10.33 2.65 4.32 2.47 3.21 0.8 1.04 298.36 —
e/ IME 0.133 0.103 1.33 5.32 2,45 432 207 201 0.84 1.04 128.37 176.33
L ON] 0.163 0.279 6.65 11.34  4.75 6.32 3.53 4.65 2.78 3.68 325.66 425.31
FHIE 0.142 0.232 3.75 847 3.06 558 2.8  3.59 1.92  2.75 215.94 288.87
FrifE 2z 0.01  0.06 1.87 2.04 0.81 0.63 0.52 0.8 0.8 0.92 83.96 96.18
AR5 RAL 0.08  0.25 0.50 0.24 0.26 0.11 0.19 0.24 0.43 0.33 0.39 0.33
AR K bR e ) 0.1 10 1000 10
FLBK FKEVBRY (THE) /mg-kg ™!
ST RE 5 .7 -! .7 -1
PR Cu/pg-L As/pg-L Mn b Cu As
£Z "z 22 HZ

UGRO 149. 37 335.70 108. 39 206. 32 846. 02 124. 47 113.15 15.16
UGR1 111.71 154.37 119. 36 138. 37 998. 49 26.54 27.53 9.98
UGR2 128. 12 179. 36 136.33 142.37 981. 67 21.66 25.70 10.23
UGR3 151.36 188. 36 154.32 157. 36 784.27 20.91 30.57 10. 25
UGR4 163.70 291.36 196. 35 253. 69 587. 41 30.33 41.75 12. 16
UGRS5 98.37 199. 36 186.35 238. 63 507. 50 25.75 49.59 8.25
UGR6 423.62 525.93 263.13 317.26 981. 83 26.17 54.67 13.21
e/IME 98.37 154. 37 108. 39 138.37 507. 50 20.91 25.70 8.25
L ON( 423.62 525.93 263.13 317.26 998. 49 124. 47 113. 15 15.16
SEHIE 175. 18 267.78 166. 32 207.71 806. 86 25.23 38.30 10. 68
brifE 22 111.98 131.33 53.67 66. 69 198. 95 37. 64 30. 40 2.33
A5 R 0. 64 0.49 0.32 0.32 0.25 0.14 0.79 0.22
T R R ) 454. 40 22.20 21.96 6.76
1) “—" FRAMIR AR5 RECH LN, RZVIBY E SR & 8 HE AR &R AL UGRO
4 T4 Jm SR HLR. UGRG ~ UGRS Beg i ™ Uy o 4 Ja B i b ¥ O ) 28 i 16 .
AL TFAR B, DT 4 AP 4 )8 B B w2,

I kol U
Mn H 981.83 mg-kg ' /> 2 507. 50 mg-kg ™', —
DT 48.31% 5 As H 13.21 mg-kg ™' W/ = 8.25 gb

u
mg-kg ™' VDT 37.55% ; Pb, Cu &8 WAEW D, B As
s
A>T 20. 10% F19.29% |, 98 /0 BE EE /N T Mn z
As. FIHHLT X E 4 w5 e A — 2 A e
7, W TR Z TR B 5 A8 T8 B ) 4 S 1) TR
BRF L W2 B 2 o 4 i ) Bk U UK B i 1 s R S DR : .
0 250 750 1 000 1 250

4524 K Mn, Pb, Cu Fl As i UGR6 ~ UGR5 Bty e ) 5t kg

T EE RN, B UGRS ~ UGRO B, 2% i i b
TRERIZUIRY) 4 FhE 4 S RIS, i
JE BRAE A T b | VS IR HE O 3%, R FH s KR
FLREHEAE TR 15K . AL R K A BRG 38 77 7E ,
TR A R R B A 4R TS Y
A A2 e R 1 T KA B e D) 2 s , =2 DT

B2 XEMRYESEZEZTESH

Fig. 2 Spatial distribution of total heavy metals in surface sediments
3.3.2 PIRWE GRS E L
T4 JEF2E JiE (stability assessment code, SAC)
SRS HISCHR 25 ] b Bk, TR 0



4100 w5 R % 36 %
SAC = (c¢./c,) x 100% (4) 60 B

AP SAC WREE; o, NESMBMAME T 5 Sp BB as R
(m-ke™)s o HEGBEE (merke ). HSACS L, |p % i . Flbe
19% B MRz s M 1% <SAC<10% i}, K Fa §20=
75 M 10% < SAC<30% I, bR B hRE
30% <SAC<50% I, K “ REAE”; % 50% < SAC all "EE

% g E

<75% W}, A HAFRE".
HERSHRIEMSSIERE R T R ETHE,
RN M EER T, KGR S E SR LG
ZHWREAR LRGP EL R MR, v L
T + 58 R g0 vh 2R E AR AT R
7 ASKFES Mn, Pb, Cu, As A SAC XJ{H 2> % K
41.93% . 1.88% . 2.71% H18.45% ,Pb HkaE M
58, Mn 55255, F2E R EE N . Pb > Cu > As > Mn. H A
3 IR, 7 AN RHFE AL, Pb #E UGRO Ab T A R4,
HERAESAE TR E IR, Cu 7E UGR6 4 T i Fa
ERA, HE 6 MRS TRERS. As 7
UGR3 il UGR5 4k T a5 fa e A&, e 5 I RH
EANTREIRS. fHXFTF Pb, Cu M As,Mn HFa e
PEfe s, HA 1 ASREE SAL T SR IR, 5 Mk
FAFRERE 1 MAEFRATE RS, A KA A
FURFRE Fik 85. 71% , Ui W & Jo W F al )2 L
TP Mn EL A A 5 1) AT PE IR RS M, 25 50 15

UGR3 UGR4 UGRS UGR6
FAE

UGRO UGRI UGR2

E3 BRERARENAYESEREESNT
Fig. 3 Assessment of stability for heavy metals

in surface sediments at sampling sites

BEDK YR G X
3.4 ZJeiA ML R HERE T

5 Pb, Cu Ml As #H L, ] 8K Mn 75
Yl W EE ;MR ITERZ VTR Mn IR E PRI 55, 2%
Shi5de FEOK VRIS YLK . 1R A E L
FEALFERRE | B ORI K S B R
BT R A B i b TS Y I B
(R)3z i e 2 VA SR DU BCE T A I RE . TR I R R
Mn FRERTTER  RBFICHL T R JZ TR JA s
EREXFH A FRe . RIZ VUYL 3R AR
11.61 m* g™ AR KA R 0.49 m* g~
B 7R SEAR R AIE WL 3.

®3 WMFIERHED

Table 3 Characterization of adsorbents

EC R B i/ mg 1!
WW%U pH -1 - — 8 - 2 - 3 - _
/uS+cm Ca’* Na* K* Mg** HCO; NO; SO; PO; Cl
WRE 9.2 88.6 263.8 3.26 3.42 3.41 1.2 2.13 12.58 1.26 6. 67
NIwALY] 7.5 1198 182.6 7.22 6.02 9.63 4.0 5.36 301. 34 0.32 45. 66

1)K+ 5:1, 200 r-min ~'$E£7% 60 min, 550, 33

3.4.1  AN[E - FO B SR TS R 108 A B 52

W BRFF0) 120 3: 1R 12 1Fp M (19 105 BFF 52 A% 7
FA W] BR e B 22 18] BY) Pearson #H ¢ 2 5043 51 o~
0.963(P <0.001) . 0.974 (P <0.001) F1 0. 998
(P<0.001), 2B FMHIEMEKR. mE 47T
I, SR UG E /N T 50 mg- LT EF 5
AEARXT Mn PR BB S i A 55 B B WA
We G iR R /NAE R 1:0 >3: 1 >1:1. PR
Yy e R IS, B e L B T M
AR BE /N T 50 mg- L™ B, 2 VT X+ Mn
(W B 32 50 T, AS ) %) 55 L 451 3% o 8 4 —
JE T R B0 o7 s LY 3R THT, A I Y 1R PN B A D 46
W R BE O, W B A 43 L B R0 B 100% (0
mg-L~"A}) TR & 82.23% (50 mg-L "), W Fff

I 0.00 mg-kg ™' LFF % 815.15 mg kg ' A A7,
{EL 3 Foft - L8] A9 IR2 R 59065 Min ) 82 R 8 A 25 A
K. UK T 50 mg- L™, W B 5 5
Bt el — 5 b, Bl W0 0k v JBE A b T, IR R 5
1: O3 SR REAE J ¥ W T %) Min 25— (it — 52 1 R RfY
AL R 5 (H B B b R AR N T R R T
TR, 65 I L AR 8, e B 50 321 1: 1RE
SR P R S A0 07 5 1L 2 T A XA 2T DR 3 A
T BV B E RO, W B . 55 Ah  RIZ DT
WA LB & Bk 2. 19% , JRA T HAT 0.12%
A BB AR Xl nl e 2 S BB % S B R
AR I B3R BE Rk M S 45 4 5K RE AT A
RIS b2 T BOR S L 31 K 0 R B SR Min ) 1%
L RRl A
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Fig. 4 Adsorption isotherms curves of Mn under

different proportions of soil and rock

3.4.2 MR AL G
H T NEAAZSHL ERARTTRR Y R A X Mn 1)
W BFRE 7, X Mn B 9 B 45 iR 2 4T Langmuir Al

Freundlichﬁﬁ%ﬁl%, LG RO Y 5 b ( * 4). i
Langmuir 7R X, I 1 3 Fp BRFFRXT Mn 1) 5 K
W RFH A 1:0(2779. 23 mg-kg ™) >3:1(2400.01
mg-kg™') >1:1(2024.35 mg-kg™"), i1 K, {H 7] LA
F S M B3R K/ NF A 1:0 >3:1 >
1:1; M Freundlich y LG 45 R AT LLE T, Bl E
B30 Pl A EE B 4 T, B Y K (RS2 s L
B 2% 2 DU R 1 W o 0% Min g 8% Bf 4k 5K X
5 Langmuir LG5 S5 A —20 i on (EH0
Bl 75 K 5 LEAG 3, W B 70 %6F Min ) 8% A 568 2 40 7
BT 33X U5 2 AT 550 614 W o e J32 5 e R TR R 90 AT
WIRIGERR . Bk B, E eI R X Mo B
AARTRAY FFRE ST, b R 2 U0 L A v 48 1 RE
XF Mn A3 R AEAVER. 2RI, M4 AL R TS
YL o 2 2 DURR ) LA U 45 T RE 1Y) e
B, R VAR T 2 A2 BTSN | ke R A T A

x4 WHEREBESH

Table 4  Fitting parameters of adsorption isotherms in adsorbents

oy W ] lLamgmuir T Freundlich 7 72
X, /mg-kg K, R? K n R?
1:0 2779.23 £302. 71 23.21£7.43  0.975 389.68 +£13.73 0.48 £0.01 0.999
Mn 3:1 2400.01 £213.22 18.12 £5.45  0.975 325.60 = 11. 44 0.42 £0.01 0.999
1:1 2024.35 £188. 54 14.83 £5.37  0.963 323.60 +14.03 0.38 £0. 01 0.999
4 Bt RE AR5, 6B M X Mn B AR SR Y F 4 ig

(1) 2 e i S EE/Kh#E 4§ Mn, Pb,
Cu, As #5138 100% , H TR E K /NA Mn > Pb
>Cu > As, % AR EE 2 > &2 H A Mn, Pb
AR AN AR RO K FLBR K rh 463 s o vk
JER/NA Mn >Pb>Cu>As, %5 > &%, T4 MR
HWREEA T ALK h&f s T K, 2 ZE ik
JEZE R, AR T LK P EL R E A S
PECE BRI K B R 2R T A
5 Mn, Pb, Cu, As BEEMA.

(2) FTHL ™ A S ER, RZUDOBR Y 4 Fh
4 M H REE S UGRG FIRAEE &5 UGRS S /b
AP MARAE S UGRS £ RAE A5 UGRO A T
JUHEK AR K BEIRAES A TR TS Y
AT R Z VIR 4 Fh 48 B HOREE
#5 UGRS FIRAE S UGRO B, £ZEDIURY
Mn HAT W58 B A FE TR B vk, B S 5 e
KLY RIG YLK 5.

(3) WERFFFA) 120, 321, 12 1%F Mn B9 fe K W B
43512 779. 23 . 2 400. 01 F12 024. 35 mg-kg ™",

15 BEAE W O] B0 38 T, e o 50 e A R R e R
Mn [R5 ERAE AR, B 2 DU Mn 19 H
FHRE I R T A R T RE.
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