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Z 8 3 B A0 A A EE N o3 A X BB (Hoydrilla
verticillata » Royle) Fl/K 4f (Spirogyra communis
HassalD 1852 & % X 8 4 & 75 YL K 4 17 1
IR, 434 1 R E RN K 20 %) 4 R 1Y s R .
ZRIR T MRBE KA/ W Gy AR LB O X
HARE B XA RS AT 7S, LU T — A
VA M T K Y 4 R T e B R R R AR B
1 7K B &4

MR 1L JR] it 5 0 2% B Al 2 2 M 2 A
A MR K S A 5 B i 2B K L 3R K S AL
HCO; —Ca 8, FE A fE R 4 I8 4 (D, d' . Do d”)
RVTAL(D; D KB (Coy) VRIEBY (CodD (LA Je 1 IR

*1
Table 1

o EGR(C, W COMZ AR A  H A b,
Hm 2 o A& X 93%, X N KA A
2 M — R M GE i A T B 22 1 ) B A Kb 4

TR XA TR B AN R R R K TG G

KL A A E T KRR G

WX VIR A — R BT A R
L UE AL, K &IE IR NW J7 ], 4b T oK I AR 45 IX
Ll R RGBT ERDR B
AR Ros 2 E G w5 Qe br GR D, RBA EHE
FUZJERE — M 10~20 m, b RE R 3K, W
JKWREAE TR 8 DB WO A v T M ) 9 KR A 5
I A SOKZ Ll J2 T 2T AL
M 28 1 km 255 B9 N TSR A P KR
AHBTR ] ZR B8 X W R A R KR A

EFEmZHBERMNER (ng L7")

Measurements of the solid waste leachate (mg+ L™")

KI5 5 44 7k pH Cu 7n Pb

Cd As Hg S N AL

RH R
GB5085. 1~3—1996
(I 52 10 262 ) o o )

4.01 3.65 469 2.19

=12 8(<<2.0 50. 00 50. 00 3.00

3.58 8.33 0. 21 0.13 0.03 0.62

.50 0. 05 10. 00 1. 50 50. 00

2 HEmRESNE

2016 4 3 H A 6 H 435I XHZ A BE 5 1 KI5 e
T OLHEAT T VR ke BLAE R AT N U 52 5 G 1 4 i K
o2 BOK MY — BREAUKSERKIRES BRI AEY
HEEE D, X AEKA 2 Bk AEEY T T
FEOIHT . KPR EEREE B G R NI KIE KA R
FER A O AL K i R R AR R
20 2 2 BOK I E AL (WTW, Multi 3420) 8135
Mg KB pH L F 5% TDS 2%, Ca®' \HCO,
K E Merck Jif & 20 & M 2 . KAERES
BN BE VK, RAE B N B A, T P
FHIKEEMA 10% HNO, FR fb 2= pH <2, Ul & &
TR AEAL B, B R4 5 % B A 3 IR A
i T 5 U PR A5 WA I v AT A AT . KA FR bR
K IRIS IntrepidIl XSP 4 il B 1% 45 55 4 OG5 X
W

IKARE W RE SRR 5 U8 T 7K 43, 3 AR S M BB R}
A8 IR UKAE 4 C Yo, S Bk A 2 5 & E AT Ab
M., BAHEE T KRG 5 T U 105 C A
30 min, fE 70 °C FHEF 24 h & 47  #8#% .3 0. 3 mm

B1 HRFRHOBKERHKEEY

Fig. 1 Aquatic plant in the outlet of karst spring
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3.1 KEEERETE

SEEVEET X AT R RN I KR K AR ) 25 SR
2 Jr7R o X B TR UK BT AR i (GB14848 — 93) TIT 4%
PRUETT & A R KA Zn, Cd Mn I Hg 1
R 3 R K TIT 2K 0 A o L X R K A R
JEE A R, OB AR A B 0 4. 2 %17 L3004
FEFN 1.8 T A% Fe il o Hg ™ B HEAR & KK i 3

BIGY Y. 8K Zon,Mn il Hg 894 BB AR, 2>
FAEAR 3.5 5.2, 6 5 1.4 A%, ARYEH R A A
WORBRE 7.5 Lo s LAl S e ) f 4R
Heil i e K9 Hgo o 4 469 kg« a ', HIRK Zn
I Mn, 20981034 kgea 'H184.8 kgea !, &
i A K A B RUK R E KA1 km BRE S A
BV 7K R E Ak Y 43 S 38 AT BB AR, P L Cu
L As 1 B AC0E B2 5o B 2, 2 IR AIC O 78 %0
70%,Pb.Cd Hl Cr 1 K BRRIILE 40D 1,

®2 BUESBRARRHERKER (g L7")

Table 2 Water quality of leachate from tailings pond and sampling sites (pg* L")

WK 3 b Cu Pb Zn Cd Co Ni Mn Hg Cr As pH
3 H 0.63 0.07 4170 15. 60 4.67 28. 20 390 24 040 23.30 0.33 7.43
B IR 6 A 1.70 0.10 4 240 20. 00 3.90 19. 00 300 12 300 4.00 0.40 7.08
Ty 1.17 0.09 4 205 17. 80 4,29 23. 60 345 18 170 13.65 0.37 7.26
3 A 0.22 0.03 3 400 10. 40 2. 44 20. 30 275 12 889 11. 60 0.12 7.12
75 KR 6 H 0. 30 0.07 3 500 5.30 3.80 20. 00 260 14 333 4. 00 0.10 7.32
FH 0.26 0.05 3 450 7.85 3.12 20. 15 267.5 13 611 7.80 0.11 7.22
MR oK B bR
(GB14848 —93) 111 4% 1 000 50. 00 1 000 10. 00 50. 00 50. 00 100 1. 00 50. 00 50.00 6.50~8.50
bR i
TR LA )
0.29 0.02 1034 4.38 1.05 5.81 84. 86 4 469 3.36 0.09 —
/kg e a !
TE 7K 4 3 ) )
0.06 0.01 849 1.93 0.77 4,96 65. 80 3 348 1.92 0.03 —
/kg+a !
LR/ % 77.68 41.18 17.95 55. 90 27.19 14. 62 22.46 25.09 42. 86 69. 86 —

3.2 REMKGBUENEECENESRER
TEHAEOLT R LR R N ) oG e — A
FRBAR K 25 A i 8 B 4 J 88 1 ok B T L K A

FLY AN Y B R R T O 2 AR B
R R S T E K e Y R R K 4 R P T
J& S EWE 3 R,

£33 HAERAERENMKBENEEESE (mg - ke™')

Table 3 Heavy metal content in dried Hydrilla verticillata and Spirogyra communis(mg « kg™ ')
KA BTN Cu Pb Zn Cd Co Ni Mn Hg Cr As
e 40. 10 67.20 18 781 377 288 69. 80 18 653 0. 87 13.50 32.40
K2 32.90 95. 60 33 403 164 366 97. 20 25 654 1.02 22.40 55. 60

AR A LY T E i,

N T R | B WA e N A R e e
X R I HAE MR Sy A K, U X
k0t 8 4 J8 Cu. Zn.,Pb H A7 ke vE st -, B
DIXT Mn F1 Zn B8 PE SR e/ . W3R 3 AT A
Br Cu F1 Cd LA, FLA4 5 4 Ja 78 K 28 A4 P9 1) 48 %) &

TR UK A A S 1 E AR 2
ﬁléjj’m 20’0

YR A A Y IR N AR B 48/ & & 5, Zn
TE BRI B B e KK & Mn>Cd>Co>
Ni>Pb>Cu>As>Cr>Hg, /K%M  AKHNESL
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B BZ R KN Zn, HIKAR K N Mn=>Co>Cd>
Ni>Pb>As>Cu>Cr>Hg, A WL, Co.Ni,As
Cu LUSh, Hoax iy 8 42 )@ & it U3 AR ) B 5 K A
4 e T v B B i R /INIGUE R 24 15 W 3K 1 A K A A
RN G e & i KR R A i R R

= 4E 2 0 (Bioconcentration factors, BCF) J& £
WYX ES B BRI W EERE R ", K
AR YT A R E L RE ) v M R N T R &
SRR T IT R S R R B

AU BEERN=8EKNELBIRE (mg - kg ',
THE) /KHESERE (mg « kg D

— MR U A AR B L R ) X 1% R Y
ERE kiR . W 2 v B LR BN S
HRKIAITER Ph, HAMKIK 2 As™>Co>Mn=>Cu
>Cd>Zn>Ni>Cr, & £ &1 JE He, AN R
R REIEE D, KRN E SR NS LRGSR
HEAT AR R B R H R B RECRE L B Cu.Cd
PLAN, K 2 %) 5 4 s 1Y) s A R B KT R, B X
K EAEM S K E LR 2w TR,

R T MR K 5 A KOG B 28 W R/ i
48 B8 1 1Y 52, A B AR G SCHR L IH g8 T AR IX
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B2 KEMBEENELEMNSERHERE
Fig. 2 Enrichment coefficients of heavy metals in

Hydrilla verticillata and Spirogyra communis

RE SR E L RBOP B AR R WS R — R 5T
4,

N 4 T L T A DX R Y O B SR B Zn
Cd.Mn.Cr LISk, Cu.Pb, As 75 B 3 v i 55 45 R 80
TE s TR AEX RS E, flm, P
HERBIRI AR X BN 96~145 fi5; As B A%
KB 1.65~2.84 £i5:Cu M E FEREFUZEAHE XK
2.58~3.0 1%,

R4 HERAKBNEBRETHECREEERASFEBRRE

Table 4 Comparison of heavy metal enrichment coefficients in Hydrilla verticillata and

Spirogyra communis between karst and non-karst areas

Cu Pb Zn Cd Co Ni Mn Hg Cr As

KA1 T % . ” ” , ,

e 2.8X10" 1.1x106 7.9X10° 9.2Xx10* 8.5x10* 4.1X10° 7.4X10" 0.06 1.6X10% 1.5X10°
J& R

BENES i i -

e 3.4 X10" 7.9X10° 4,5X10* 2.1x10* 6.7x10" 3.0X10* 5.4X10° 0.05 989 8.9 x10*
IENE S

A X R

e 173~202 94~142 1 170~—1 144125~580 — — 3 200 — 1 000 592~1 019
PEE R+

R TMI « RS H e 0

iE:

i 0 128 R o B AR ) 1Y) b v A 45 i B B R R AR
MEERBEFR RN, WASERIEEHEES %
HEEBEWIHASEN Zn M Mn 10 000 mg * kg™ ',
Pb.Cu.Ni.Co 1 As & 1 000 mg * kg ',Cd & 100
mg e+ kg " HAERBEERBABMERKT
1090 ) i A X e K R AR . Hoh w
RRBUE M A BRI KN — D EH AR R
A RBOOR L E AR BE S RO AR X K
ABRARNE SR E B AR AR E YA E
R EAMAKL R Cu,Pb.Zn.Cd.Co . Ni.Mn K As i)

EARZBYI R T 1. 75 & W S Y E R
ik, HRAIE LTS RAE.

4.1 EETMAKEMNELSEEENH

PN A A 0 AL g A ok A =R
—JEE 4 EAEH T I A LEF (SOD.POD.CAT) i ¥
B R S 3R A, AR HE X Al TR 4 ) Y R
BN 4 AN S0 BF 5T K B, Ca A Zn 78 40 B R BT Ny
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0.5~5 mg « L', B AR A 5T & LB CAT Al
POD W36 LT R B/ Zn Zb B Cu AEHFI Cd
AEFRE, RPN SR a/b (HA K X BAA, Cd A7
RPN T B Ko ®E POK W, (HO2 e iF
TX Ca.Mn,Cu,Fe BJIRUL,

TRERBAEH ., BREXNEMELSRCREA
HH A ) W SR HAR B R R S K R I E 4
R EA R MR R . M ES AN, &
WREE(10 mg+ LR Cu Zn 4635, BB -0 N
JE 2R G0 38 37 ™ I B R S Ak B 5 . AR,
Bt E4)E TR Cu.Pb.Zn.Cd.Co.Ni.Mn M As
B EERBOEE T 1, AN E 4SS Zn F1 Mn
AR REE T 10 000 mg » kg ' BEHI R BEEXS Cu A
Zn W] g DA sk

IR BT ARHAE . BT G ) S W B
TR E AN R R DI BE L A A O, MR E
AR SEM—EDS RERE 43T F T 2 35 U
4 JE TS P E ST LD AN AR O R L T IR B A R A
CA*" JE M REIS B i BT Cd g, H Na 34 %, K
g B 38 R AIG L BRI 7E Cd* ™ AR W R s R v R A T
BH 25 28 40 W it

O A MBI 5T 3 B 7K 43 02 e — 1) 50 4 4R 200 i 32

IS o3 R 22 IR A, 3R T 22 R I Jo , Jo b 3 B R
TR« 5 7K A T 4 flle T A K L PT AE J L W BY TR 4 Y R
BEALEI A, K 4 A0 MR W S R R MDA
() & i 5 75 M 4% ok B2 23 i A7 1 W 35 (P <
0.05,r=0. 951) Ak & 2 (P<C0. 01,r=0. 977) 1Y 3k
LMk EE R B OC R, U B K 4 6 A R Y AR
W e 5 HAK A MDA ¢,

SEPR b BRI A E R R DR Y LA
iR R 2 AL FEVE R RS R . BT AR W R AL
T LAS oA 2 25 i 7 37 20035 26 A i B v 1) 22 SR
A AR B o 4 J Y A AT B X 4 J B AT
AR EES, WHANELE R TR 5 %K Tk
WA A BT B BT B D) R A S B A
VA
4.2 EEBRKELEEEBERNEANS

5 MARFE KR A S R SR BRI OK 4R Y
ARORE . R 5 FIER 2 b i B X L AT
PR S A K AR Y PR Hg LA SAR T 40 il
AR MR E, Zn A Cd K T H BB E A2 Zn
PR TR B . He FEIZ8YEED A S vk B2 R T
WY T AR D BOUE MR 2 HOR B2 9~ 18 %, Ui W
E K RN He HA B0 iy i} 52 5k

RS FERKPESRECENERMKBERKRSHZ T

Table 5 Effects of heavy metal contents on growth of Hydrilla verticillata and Spirogyra communis in non-karst water

o b K 4
WIE/mg - L7 A RRE ik ¥ /mg - L7 A Kok Sk
Cu 0.13 i K [38] — -
Zn 5~6 HFCHe L [33] — —
cd 1~3 B S [33] —
Hg 1~2 BIEUR 2 [39] —
Cr > BEEHRAE B [39] 8 FF AR H B P RN, [36]
As 4 - 21 0 P A A A D 2 [39] —
T RRTEMIEEE .

6 HIH T HE A B K 4 JE 7E B RUK 4 b
PR R R, K 6 DL ISR 3 FIdk 4 1)
AR AT A WL AR K R Cul Zn 76 BB 3K P Y FR 2 ok
FE T TR A KA A A SR B TP R LR
W RE A3 AR T K SR EE R N Y 8. 55 £ RN 159 £%.
FR KR T CulZn FEZK () U Mk B L W B v
FE A KA LR B B ) 2 AR 5 T K MR OK 4R
1. 63 {51 30 £,

) HL A v e A BRI L A T Y
I 4 Jm A L AT RE E R AR K A2 LK L LT AR

Ko FEBRKEPEREMKEENEESRE
HREKEREERHE
Table 6 Accumulative concentrations and enrichment
coefficients of heavy metals in Hydrilla verticillata and

Spirogyra communis in non-karst water

o g K 4
TEIE kB R KRR
SCHK
mg * kg ! mg * kg !
Cu 4. 69 [40] 20.13 [41]
Pb R R 193. 21 [41]
Zn 117.93 [40] 1113 [41]
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PN ELAT ViR B T B A X R R R R 2 Sk A )
GBI PE . R 6.8 3 K FE 4 19X L B s ]
DL K b i 4 R VR R T R LU AR S K R H R
MRRNME SR B E £ RHIT & TS
Ko GRS, A DOK TR E N E &R SRR
e I 2 R R R R LAR 3 AN T

(D Fg 5 oK B 280 | AR K iy R B

JK A=l Py 6} i 4 T O 2 1 R R A2 KR pHL.
KR B SR O BRAE R FR 5 ), DT 2 K A AR A X
B EEMERY, Van T K Z 5N,
TG IRER E l 5 320~12 000 1x. & B Ry 20~ 30
CHZMET AR R, 1m0 38 E RE 7 1 I 5 b X 1)
FeIEEHE A 1 600~2 100 h, 4EFLE 6 500~7 500°C ,
HE S EAERAE 10 CUL L EWEA BN EK, X
e BB T E o KA KRR .

AN, oKk AR R Wk B HCO, .,
HCO, ~ X 7K Az Fl 4 R g 28 HL A AR 5 1) it S 1 R
RE NS Ry LR AL JE 08 10 A R SE i, R LR AR R
IR U A5 g L R B L 2 IR Y COL A
BB EHEBRE T 74.1%.,

PR K A2 B e K A A T R AR R 4
JR A BRI AAT R S — R R, G
T WY pH R EE S e A A A 2 T 4 e W B L AN
B R L S e 4 JE B KAk AN . Y pH
R K BEE T (H, O ) 43 % S0 7640 i BE | i )2
72 i O 0l I 3 T < O S e = T e
0 5 TR A9 8% BRF 2 AT 552 i W BEE R . T A 2 T /K v
PE O Bl 7 R85 o L T 22 1Y s g R A K A AR, B R T
22 B W BRESE A5 4 T R A G R S PR A i SR T Y
W 657 A5 o DAL 0k % B 4 Je 1 8 T 14

(2)HB K Ca At i 35X 55 42 Ja 1 I

BV T AE N Ry, KR T Ca 1T LR Cd Xt
MR EAE A . Ca Al DU I R RS, E R a0
JL P AR Tl . RSk . Ca FE R BN A EE (R ff .
JREh T — RN WA B A A AR OE THE PR £
FhPTPEDLE G R BN S AR TR E
FA AT 3 P A 10 A o A 4 R w8 KO 1 Bt SR AR RE
. AR B AT S B Ca, B BL AR HF T BE
FIK 45 % 5 4 T ) W BfE A

(3) BB % ot o 4 TR EE P B 7 sS AR

AHKPEAEBWIER Ca Mg BT, HE T
B HHE R, Ca . Mg T HESEEBE T A%
AR, B A /R B B K Na & 70 /]
& mVRE Ca Mg BT I A KR 1) B4R S

55 e A S e A

AR IO T oK 47 A6 G AL BE AP R B ST D
HI2EC A KWFSE R, k4 A KGR KK pH T+,
S W O, LR Py 0k o <5 T A R B A I 3
R R AL AT AR K R AE
N — P E G TG e BB R R AT U 25 DU A AL
HR R — R R R T AR T R S K 4 R i Y 2
TR B 20 L P Y 28060 44 45 1 2 B o 5 9 40
TN S B & D i S R S T e R A e A R
AT L2 ) 240 i A TR 4 A AR Al . M K 4 20 i X T
Jos 60 2 T 5 1 79 R A R M R AKX A ) R
i o RIS 7K 2 6 AN [R] 75 Gt ) 14 R e A0 3 AR L T
P53 AT 4 Ja w1 R T e A

VRV R E LM 20 ZAER AL H
R EB IR W R A R KPR Zn, Cd, Mn il
Hg Bk 2R 2 b T 7K TIT 28 7K 3t A 1, 2 B2 7K H Y
FEGYP . A LRSS KA BBERKSNE
KU 4 a8 v B A B BRI e L Cu Bl As
P18 5 AV Wit 32 e S WD kL 43 3 R 78 26 R 70 %6, Ph L Cd il
Cr I EBRRBE 0% L L A E SRS 714 1%
b2 1) BH i B e R R R AL

T o BRURE 43 A7 & 3, R S5 R K 403 T oK A A 1R
PRI B G S A 0 i B O B AR KA AR
HER L U8 B X PR S 4 R CuZn Pb BAT M
s, EREERKAIAN. B R EE KNI ITER
Pb, HOR MK & As>Co>Mn>Cu>Cd>Zn>Ni>
Cro & HERDPINE He, AN R R kw2,
HAF5E R B A B X A 3 ) A R e T ko]
FAE A X, O A a5 K A A W 4 TR A
SRR X B X 5T & B, 7 X PR SR K S AR
1) 42 B i R AR R AOE B T ARSI K XK
AR YIS B AR AWK R A K R — R I E AR
B2,

5% 3k
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Aquatic plants bioremediation to groundwater contaminated by mines in karst areas

ZHANG Liankai'*, QIN Xiaoqun', HUANG Qibo', LIU Pengyu', SHAN Xiaojing”"*
(1. Institute o f Karst Geology » CAGS/Key Laboratory of Karst Dynamics s MLR&GZAR, Guilin, Guangxi 541004, China;
2. Key Laboratory of Karst Ecosystem and Treatment of Rocky Desertification  MLR, Guilin, Guangxi 541004, China;
3. School of Environmental Science and Engineering » Qingdao University, Qingdao, Shandong 266071, China)

Abstract The karst regions in southwest China is an important producing area of nonferrous metals. Long-
term extensive mining and waste residue accumulation have made the local environment seriously polluted by
heavy metals. Many heavy metal elements enter the underground through surface runoffs and leaching, pol-
luting groundwater aquifers, and pose a significant impact on the vulnerable karst environment. The leachate
from the tailings reservoirs enters the groundwater system through karst pipelines and has a serious impact
on the downstream ecological in a lead-zinc mine environment. In order to study the treatment technology of
heavy metal pollution in karst groundwater and improve the quality of groundwater of this area, Hydrilla
verticillata and Spirogyra communis grown in tailing reservoir leachate were selected as the sorbents of
heavy metal. Hydrochemistry and enrichment factor analyses were conducted to examine the adsorption ca-
pacity of heavy metals of these two aquatic plants. Meanwhile, their heavy metal adsorption mechanism was
explored and the feasibility of using these two aquatic plants to control karst groundwater pollution was dis-
cussed. Results show that, (1) The contents of heavy metals in these two aquatic plants lived in the mining
area are high and the plants are well growing with large biomasses, suggesting these two kinds of aquatic
plants have a certain avoidance or resistance to the heavy metals; (2) The bio-concentration factors (BCF) to
elements in Hydrilla verticillata are relatively high, with value order as Pb > As > Co > Mn > Cu > Cd
> 7Zn > Ni > Cr > Hg. The BCFs in Spirogyra communis are higher than those in Hydrilla verticillata
but their value order is the same as that in Hydrilla verticillata. Although the contents of heavy metals do
not reach the critical value of hyper-accumulators, the enrichment coefficients of Cu, Pb, Zn, Cd, Co, Ni,
Mn and As in these two kinds of plants are much larger than 1, consistent with the hyper-accumulator en-
richment characteristics, showing a co-enrichment feature; (3) Compared with non-karst areas, the content
and BCF of heavy metals in these two aquatic plants in karst areas are much higher. Three main enrichment
mechanisms of heavy metals in Hydrilla verticillata are suggested, which are enhancement of antioxidant
enzyme activity under the stimulating of heavy metals, passive absorption, and ion exchange effect. For Spi-
rogyra communis, its special molecular structure is important for its heavy metal adsorption. As the
Hydrilla verticillata and Spirogyra communis are widely distributed in karst areas of southern China, u-
sing these two planes as the heavy metal remediation plants in karst polluted water will have a good pros-
pect.

Key words lead-zinc mine, karst groundwater, heavy metal pollution, Hydrilla verticillata, Spirogyra

communis
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