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CRLHTHLT ¥ SRR 5 TR, 2 BT 650093)

WE GBS ESMAEMENI BT T = PR R AP IR B AR A K 17 FoK A AR B AR ROR O S A X LKA AR X
JERAHEE/E (As Zn,Cu,Cd.Pb) K& i, SEREW MY RERE, REAZFER, KK As EIGE,Pb BEITH, Zn,Cu
1 Cd #R AR 9 MUUKEYIFEIR X As \Zn .Cu Cd.Pb EERAB(HYLKRES R SRS KT ZTREFRENILE) ZRT
L EAIERAL, V398 As 0.175 mg/L K, 38 RBE /DIRT38 N 2K 2k As P& 5|8 (150 £7.3) |
(179 £35) (92 £31) (265 +21) mg/kg(TH) , Xt As RABIRE RIS X T 8 MR A MEEAKEY, L RE AN ERET
B AR AR /N SERMKEE XS As, RKPEBE /N3 B R R UREARERXT Cd, ¥ R E SR EBX Zn M ER R
(Y3 R E SR &2 5K P 2R = I WE) UL BERER Cd M Zn BB AR (HEYH ERESR & /SR D%
REBAIE) WRT 1. REDWEERFY, S BB LK /NRT3 ORIV 5 MK AP FE X As Zn Cu,
Cd.Pb BABIRM B ERE  EESRE ST RKEBERE PRABRET,

REW: REURAEHY BB BR  ESR

Accumulation and translocation of heavy metals by macrophytes

PAN Yihong, WANG Hongbin" , GU Zhaoping, XIONG Guohuan, YI Feng
Faculty of Environmental Sciences and Engineering , Kunming University of Science and Technology, Kunming 650093, China

Abstract: Phytoremediation technology has been widely advocated to treat polluted soil and water because it is cost-effective
and environmental-friendly. Exploring suitable metal hyperaccumulators or tolerant plants is the key step for
phytoremediating metal-contaminated environment. Up to now, about 500 plants have been identified as metal
hyperaccumulators all over the world, but most of them are terrestrial plants, which restricted their application in aqueous
environment. In 2008, Yangzong Lake, one of nine big lakes in Yunnan Province, China, was polluted by arsenic ( As)
released from a nearby factory. Average concentration of As in the water was up to 0. 117 mg/L,suggesting that about 77 t
As entered the lake. Twelve As hyperaccumulators were identified but they are all terrestrial ferns. Therefore, more
attention should be paid to As accumulation in aquatic plants.

In present study, the growth status and concentrations of heavy metals (As, Cd, Cu, Pb and Zn) in 17 macrophytes
naturally grown in south and north regions of Yangzong lake were evaluated by field survey and laboratory analysis.
Concentrations of these five metals in water and sediments were also determined and compared with those in the plants.
Results indicated that all these collected plants grew well, without any toxic symptoms. The water body was heavily and
slightly polluted by As and Pb, respectively, while the concentrations of Zn, Cu and Cd were below their corresponding
environmental quality standards. For 9 submerged species ( Ceratophyllum demersum , Hydrilla verticillata , Blyxa octandra,
Potamogeton pusillus, Potamogeton lucens, Potamogeton delavayi, Potamogeton pectinatus, Myriophyllum spicatum and
Chara braunii) , their bioconcentration factors (defined as the ratio of heavy metal concentration in whole plant to that in
water) for As, Zn, Cu, Cd and Pb were all greater than 1, which showed a co-accumulative character for these five

elements. Growing in water averagely containing 0. 175 mg As/L, C. demersum, H. wverticillata, P. pusillus and B.
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octandra showed a strong ability to accumulate As, with average As concentrations of (150 £7.3), (179 £35), (92 =
31) and (265 + 21) mg/kg ( dry weight ), respectively. For 8 hygrophyte and emerged species at north site,
bioconcentration factors ( the ratio of heavy metal concentration in aboveground part to that in sediment) were greater than 1
in Alternanthera philoxeroides, Echinochloa oryzicola, Ixeridium gracile and Echinochloa caudata for As, E. caudata, I.
gracile, Paspalum orbiculare, Polygonum hydropiper and Cyperus alternifolius for Cd, Alocasia macrorrhiza and P.
orbiculare for Zn. And translocation factors ( the ratio of heavy metal concentration in aboveground part to that in root) were
greater than 1 in P. orbiculare for Zn and Cd. The roots of A. philoxeroides, A. macrorrhiza, E. caudata and P. orbiculare
accumulated high concentrations of As. Cluster analysis showed that C. demersum, H. verticillata, B. octandra, P.
pusillus and M. spicatum could uptake and accumulate As, Zn, Cu, Cd and Pb simultaneously and had a great potential for
phytoremediating water body contaminated with multiple metals. In general, accumulation of As, Zn, Cu, Cd and Pb in all

tested submerged species were greater than that in hygrophyte and emerged species.

Key Words: macrophytes ;translocation ;accumulation ; heavy metal

KI5 Y R SBUKFR AT A FERR KBS RR BN EEREZ —. W5 TV RRER R, &f T
b (CHmE R SRS ) BOK B R R B i W E A KR, Bk AR EA B S B A T . A
KRR E L R ARE B SR FEAE S A Y i, (R AR K H B UTRR B AR, S alipl K A A= i i, 38 i &
PSR B E SRR . 2008 4E 5 A, Z RIS K& TS R348, Kk eh sl & B85
0. 117 mg/L, 3IIHES 6.9 12 m’ /K B3, AR E A 77 &), BREGKE SR 817 °C %R 5.78 g/em’,
R—MESR , KRS TN SELB A ML, BETCEL B AEaEmRY ., BEES
JRISYL IR I A R % (AN EE AL 2 A 07 s ) (B ME 916 2 ( phytoremediation ) AR BLA £ B A 3K .
WA E R R &2 X E . FIAEYEEEARBEEL B AR RN BERIESNES
BB EEMYRELSBMEEY, BN BG4 mEE b LI AEMES AR B R R
AP, BT, 2R R I 500 AFNE SRR B R (B4 R G AR, o As R gAY 12 FC
SRR G A EES RIS RERAR. BT, BAXKERYRIL . EERM U ESR
HIBFIE 82, in#aE & BT T K I 9 ANBIIE sh K A A 44K Zn Cr Pb Cd . Co Ni I Cu FI43 75, Bk
ANEPIPIE T 8 Mk AT Cd . Cu Mn Pb il Zn B ERE S ERE S A DR S BIIE T 3 Fluk A%t 5
BB UEW R Ni Zn Cr,Cd . Pb Fl Mn FRWR IR 45 H I TTT5 Sk ik ik A M oot B s SR IR AR GE . BRIk,
e X RS SR RE T UK AR A TR s KR A B E BB REE L.

A5 LA SZ 05 Y 1) 2 B PR WK AR b 17 R AR X &, 4007 T A B A R BL , B KA IR
VERESLH As Pb Zn Cu Cd fI& 8, FEHEAT G40, LA R BUXT T 428 (RS BIR0 ) B B 4268 1 A 4
%, WESR TP AR B Z AR MBS & R YRR AR 2R
1 MRS HE
1.1 BRI

BFFE 5 7 T BRI 52 MLt PRS2 i FHE (N 24°574277 JE 103°01'33"7, #4K : 1787. 04 m) J% B 52 MG R 3
Z R TLER L T 5 PR FIRHE (N 24°51'44" | E 102°58'58" %54k :1769.36 m) , /M BILASREE A 1.2 R, I
B 1, FSEMTZEA BT LA 30 km, B AAR NAR£R 102°55'—103°02"  JLsh 24°27'—24°54"  if 31
ERERAT R —EE, RERILIIER R 7K R, /NP W36 B R ARIRK A , 3K ER 22 m,
BAOKIE 30 m, VARSI 12.7 km, ZRPGFE 2. 5 km, B RL K 32.3 km, BE KR 6.9 /2 m®, ILKEHN 192
km®, Wi K AR50 7K 8 900—1100 mm , SFRIMIXHBRE 75 % 4 F-HSIR 16.2 C 48 B IBETHCY 1927 h, 3y
K 4.0 m/s, B AR 16.0 m/s, TSR AT R, Hk 76 R
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6432 = R S 30 &
1.2 HEFRE
FEH) B FIT X B KR ISR AR i F 2009 4E 10 A w12k PR i

5, HRERETUR SRR AR . KT XTI
VUK F 20 em AbSRAE s JEURAE 5t Ay BEK FING AR A
PR BRI R B A4 K VR RE S K 3 A E
B o RBES 1 RPES 2 S BIFEA 33 AKRERURIRRE o
1.3 RS

AERE 5 P UK E TAR R (LB B0 5, M bk
KT BEK NG AR 53 R B T b b (AR 25
RS FERF) AbBE . SE E ok sk, B 0.1 mol/L 7
TR VRS 2B TR 2—3 W, TR K A
BB FSEE, T 105 C3F 30 min, 7£70 CTFHT %
WEE,WETE, BRE T 60 H I b IR R & Bk /%_E_,—m-/
AT N FESERYE AT ERE 100 B8 ; KRS e
WM TE 4 CHRAS M. MYH & AKHER s
HNO,-HCIO, 1§k , i Je A% 4 i 7k -HCIO, i ko FH R
TR ORI (32 Varian AA240FS %) il 5 Cu.Zn,
Cd.\Pb By &, ALY K A -5 T O 16 U 2 Bl BEETEE
As B ALK 2 S50 1L LA (WHG-103 e 1 Map of sty stes
A1) o 25 FURES I FRYERE R (GBW-08505 ) - SEbRHERE 5 (GBW-08303) LI 7% As Al Zn Pb.Cd . Cu ARUEW
Wi B FFRERRBIF 0o 4 TER IR AR 92% —99% 2 8] , 48 45 763 1k 43 B2 A I 43 o
=k,

AR R ZKRE F 4 FE RO S EL AR 1 s P . P 2 5 T 3 R 5 3B 44 ) ) Bl
BRI (35 3 ) 1 R B R IR AR P R ORI M A7 74 ) (4 4 ) ™
1.4 $oimibsm

AN

A /J\ [J_[ I[:)

K BEEYHEBRY = Mt L HELRSE/RTZ RS E
JUKMEY) B TR BIH R, A H BB R
K FRAEHYEER = MY ER(ER) ES RSB/ KRBT Z TR &
TUKHEYEE R = HYLHESE SR/ KPETREE
SEEG R SAS 9. 2 BR{AFHEAT BRI R J7 227047 (One-Way ANOVA) ,JF /] Tukey’ s HSD ¥£i/4T £ H HEL,
BEPEKF P BLO.05, 38 SPSS 13. 0 k{4 Hierarchical cluster 347 RS04 o
2 ZR5H5H
2.1 Kk JRRPEEBESE
KEEJRRBHESBSRELE 1. RHEA 12 KM As 853514 0. 17 mg/L A1 0. 18 mg/L, 2R K
B AR E) (GB 3838—2002) M 2HRHER 3. 4 £5H1 3.6 £%;Pb S &4 0. 06 mg/L, Hif  #h KK I 55 ;T
BEARE) (GB 3838—2002) M 2EH71E , HARELBIIA MR, JRIBHER R AR 2 B As &M IR R
BEARME) (GB 15618—1995) =RbruEsh , HARTTR IR MR, Fk, B XKIAZ 2] As 1 Pb RFEFREETTH,
As SRR E  BROMRIEZ B As BRETSH . REZKBH/K MY L As FESBREEBEYES &
W RIAT R ML
2.2 WX EBKAMEYFNE R AERKRE
AWFFEIREN 17 FK MY iZoK B B R KK EZEY), AR R ATERILER 2, 17 FKAEEY
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GrE 11 Bt Hop  IRTSRAHEY RS A 4 HUORARABHEY A 3 i KERAE 2 i, S BR /D Al
BHFEBER SR 2R KR R AR IR 1 A

®1 HRRAEREFESESE/ (mg/L,mg'kg)

Table 1 Concentrations of heavy metals in water and sediment samples collected at study sites

i H Item As Pb Zn Cu Cd

FHE S 1 Study site 1 JK#E Water samples 0.17 0.06 0.05 0.04 0.001
JEJR Sediment samples 21.63 16.59 22.75 70.08 0.05

FHE S 2 Study site 2 JK#E Water samples 0.18 0.06 0.04 0.04 0.001
JEEYB Sediment samples 47.80 17.84 41.78 35.08 0.34
+ 3 = kR (GB 15618—1995) 30 500 500 400 1.0
Hh 2K T 247 (GB 3838—2002) 0.05 0.05 1.0 1.0 0.005

R2 HREREMNEZKREEDFNRE
Table 2 Main macrophytes growing at study sites

Y& TR Plant name Al Family H: 75 Life forms

443 Ceratophyllum demersum L. 4>t 5P} Ceratophyllaceae AR TR EEAR

MW Hydrilla verticillata (Linn. f. ) Royle. 7k ¥l Hydrocharitaceae AR TR EEAR

J\Z47K % Blyxa octandra(Roab) Planch. ex Thw. 7k ¥l Hydrocharitaceae AR TR EEAR

/NIRF3E Potamogeton pusillus L. R 738} Potamogetonaceae EA:R)W, € VN

JeH-HR T3 Potamogeton lucens L. R F3&H} Potamogetonaceae AR TR EEAR

ZFI5E Potamogeton delavayi A. Benn. R F3&H} Potamogetonaceae AR TR EEAR

B GHRT3% Potamogeton pectinatus L. R F3&H} Potamogetonaceae AR TR EEAR

MRINEE BE Myriophyllum spicatum L. /Nl BL Haloragaceae SR YK A

#¥E Chara braunii Gm. #3%B} Characeae 1 AT EEAR

B BT Alternanthera philoxeroides (Mart. ) Griseb. WAl Amaranthaceae ZAEHETE K BAR

7KZ Polygonum hydropiper L. B} Polygonaceae 1 AEAE K BEAR

KPR Echinochloa caudata Roshev. KA} Gramineae 1 AR R A B AR

MR Echinochloa oryzicola Vasing. KAPB} Gramineae 1A A B

B SRAERR Paspalum orbiculare G. Forst. KAPB} Gramineae AR IR B

W#E3E Alocasia macrorrhiza (Linn. ) Schott. K BBl Araceae AR VN

AN 3E Ixeridium gracile (DC. ) Shih. 348} Compositae AR IR AR

RZERL Cyperus alternifolius L. WHB} Cyperaceae EARITLR VN

IR A RCR DL 3 Fis o ISR 3 AT I, [R] 28 375 BUAS [RI AR 0 18] A OB ] « UK AR o A D e
RN B AR K B R T\ 2K AR (P <0.05) , RN B B B 10 3 = T Hofth 8 FRUT/KAEH (P <
0.05) ,FRIMEBETEEZE S TomBE BB /MRT3E KR (P <0.05) ; AR AWK
DABARRL RSB & T B R 75 /N SEM R (P <0.05) , BEE DL AR RSB CREA 1)
BE T HAMSEKFREAMEY) (P <0.05) , TEHUHMBARKEECRESR 1) B35 THASEK AR AEEY
(P <0.05) s HR3E LA FEARGRAL | ) SR8 MR 40 /N SE B 38 v T B K R A (P <0.05) o BRI,
K RS E AN TE RS TUUKEY), BB R 2E R/ TUUKEY (P <0.05) o RIFEYIA FRAE A
PR SREFEL TR EZR (P >0.05) MEKRHE  TERRKREBZEAREER (P <0.05) 50 HRWEE
EFEF(P>0.05) RTERKEZIAABEZF (P <0.05) 5 HRAMTLEBEZR (P >0.05) . AREK
17 MYy BRI A B AR S LE YRR, REABZFER.

2.3 KAMYINE SR EEMERRE
2.3.1 EYENESRNSE

EYENESRESRILE 4. FMEYNARESRERECEANR, SRS, EYERA As SRR, H

WMKEB/IMRUIE Zn > Cu > Pb > Cd; [FFH YA [RIFRAL (RN B3 @R & B A MR, 46 R EK |
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BAEEYRAPESE TETZ AT EF,

#3 MRARXKEEWERRR
Table 3 Growing status of macrophytes at study sites

o LR CPE £ bRviERE)
Aboveground part( Mean +SD, n=3)

WTFMCOEBE £ dadmz)
Underground part(Mean +SD, n=3)

mIER Sﬂf A Rk T TH s WrE

Plant height or Fresh weight Dry weight Root fresh weight Root dry weight
length/cm /(g/H) %) / (/) /(g/H)

FRIT R 1 81.7 £2.6bcd 33.2+1.8b 3.1 0. 16defg

Eoab 2 39.0 +7. Oefgh 4.7 £0.77ef 0.52 +0.04hi

126 1 27.7 +4.0h 4.0 £0.40ef 0.32 +0.25hi

b 2 32.0 +5.6fgh 4.7 £0.61ef 0.58 +0.04hi

INIRF3R 2 43.3 = 4. 0defgh 1.4 £0.29f 0.21 £0.05i

INZjIK S 2 31.2 +£5.0gh 3.5 +0.06ef 0.20 +0.01i

YR 73 1 46.4 +11.0defgh 8.1 +0.21def 0.85 +£0.08ghi

et iR 3% 2 51.0 +7. 1defgh 6.4 +0.43ef 0.73 +0.08hi

BWIR T3 2 29.4 +5.7¢efgh 11.2 1. 2cdef 1.6 £0.15ghi

Tk 2 58.8 +6.7cde 8.1 +0.57def 0.91 +0.22ghi

L8 2 36.3 +4. 5efgh 1.4 £0.25¢ 0.52 +0.0%hi

ERETH 1 51.8 +7. 1defgh 19.8 +3.9¢ 3.1 +0.76defg 1.4+0.17gh 0.24 +0.08ef

ERETH 2 53.0 = 1.0defgh 18.8 +3.4cd 1.8 +0. 58fghi 1.2 +0.09h 0.16 +0.02f

WE3E 1 75.7 £5.7bed 35.0 +£10.6b 3.2 +0.23defg 6.1 +0.16bc 0.38 +0.04cde

AR 1 120.4 +11.0a 53.1+6.9a 9.9+1.0a 8.3+0.07a 0.96 +0.03a

K 1 110.4 £35.7ab 52.0%5.1a 7.1 +0.36b 4.8 +0.74cd 0.44 +0.07bed

iy il 2 88.6 +6.7abc 33.8 +£0.81b 4.1 +0.36de 4.4 £0.64d 0.46 +0. 10bc

B e A 1 57.3 +12.4cde 31.7+1.9b 3.6 +0.70def 6.2 +0.65b 0.82 +0.06a

NI 1 68.0 +4. 0defg 18.6 +2.1cd 4.6 +0.69de 8.0 +0.58a 0.90 +0.08a

AEH 1 52.0 +15.7defgh 31.9+5.7b 5.3 +2.6¢d 2.5 +0.48fg 0.27 +0.05def

& 1 48.3 +7.8defgh 11.8 +1.2cdef 1.3 £0.15ghi 2.7 +0.40fg 0.25 +0.04ef

& 2 57. 7 +4.5cde 13.6 +2.2cde 1.5 +0. 37fghi 3.5 +0.09ef 0.58 +0.03b

INEFRFRFA—E R A R Z BN ES, FRARZRERABE (P >0.05) , FRARFZREREE (P <0.05)

=4

MRRAEEUPESREE (FE + iERE)

Table 4 Concentrations of heavy metals in macrophytes at study sites( Mean +SD, n =3)

iM% 7 pa=33 . H 4B & & Concentration of heavy metals/( mg/kg)
Plant name  Study sites AR As 7n Cu cd Pb
FHRIT 1 R 72 £16CD 78 £9.7A 14 +1.8AB 0.27 +0.01ABCD 7.0 £0.54ABC
o 2 &Pk 150 +7.3B 33 +2.3CDE 5.0 £3.0DEFGH  0.11 £0.04CD 3.1 +0.46BCD
e 1 R 103 +15C 46 +17ABCD 7.2 +0.14CDEFG  0.46 +0.10BC 8.4 +1.2AB
e 2 R 179 +35B 44 +12BCDE 8.6 +0.51CDE 0.37 +0.04ABC 5.9 +0.70ABC
/MRF 2 &Pk 92 +31C 38 +2.0BCDE 9.8 +2.0BCD 0.15 +0.01BCD 5.1 +2.2ABCD
I\ZK I 2 R 265 +21A 69 £9.1AB 9.6 +0.60BCD 0.57 +0.48B 2.4 +0.35CD
SR T3 1 bk 29 £12EF 25 +4.7CDE 6.0 £0.70CDEFG  0.14 £0.03BCD 3.5 £0.76BCD
SR F 3R 2 &Pk 28 +6.0EF 14 +5.6CDE 4.3 £+2.4ABC nd 1.0+0.21D
BR3¢ 2 ik 20 = 1.4FF 25 +18CDE 2.6 £0.90GH 0.09 £0.09CD 0.55 £0.66D
FIHE 2 R 27 +2.2EF 27 +4.9CDE 0.50 +0.12H 0.12 +0.02CD 2.5+0.26CD
A0 2 sk 48 +9.9DE 42 +10ABCD 14 +1.5AB 0.25 +0.01ABCD 9.3 +0.95A
EREETHE 1 ZEM 18 +5.4EF 38 +16BCDE 6.7 +1.8CDEFG 0.04 +0.04CD 3.7 +1.7BCD
R 170 +24b 148 +34ab 22 +4.3be 0.97 +0.64a 31 +7.1a

hitp : //www. ecologica. cn
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EES
Y4 FR pa=3 . H 4B & & Concentration of heavy metals/( mg/kg)
Plant name  Study sites AR As 7n Cu cd Pb
WEETP 2 0 11 £0.21FF 18 +5.6CDE 11 +1.0ABC nd nd
bics 133 +4.0bc 172 £8.6a 31 +£3.3a 1.0 £0.01a 36 £6.0a
w3 1 ZEM 23 +10EF 44 +6.4BCDE 16 £4.5A 0.01 +0.01D 4.7 +1.3ABCD
bics 144 +7.9bc 108 +30bc 16 £0.99¢cd 0.22 +0.17b 5.8 £2.0b
FH AP RR 1 S 12 +1.8EF 13 £3.4DE 3.9 +0.74EFGH 0.01 £0.01D 0.86 +0.30D
bics 77 £27bed 35 +20d 15 £2.8cde 0.02 +0.04b 3.5+1.6b
K 1 S 14 +6.3EF 34 +6.1CDE 5.6 £0.52CDEFGH  0.05 +0.01CD 0.98 +0.24D
bics 131 +16bc 30 +1.5d 14 £0.40cde 0.08 +0.05b 7.7+1.2b
KR 2 S 21 +3.4EF 19.2 +6.0CDE 2.7 +£0.31GH nd 0.71 £0.35ABC
bics 387 £80a 37 +1.2d 8.1 +0.60e nd 6.9 +0.72b
[RIRAE R 1 S 18 +3.2EF 47 +29ABC 6.4 +3.6CDEFG 0.94 £0.89A 8.7+1.7A
bics 114 +22bed 31 +4.5d 12 +4.1de 0.22 +0.05b 0.98 +0.24b
AN ST 1 Rk 24 +10EF 31 +6.6CDE 8.3 £0.58CDEF 0.03 £0.04CD 4.7 £3.5ABCD
i€ ! 1 =M 12 £57EF 29 +1.8CDE 6.3 £0.82CDEFG 0.07 £0.02CD 2.5+1.2CD
bics 74 £5.5¢cd 43 +4.4d 18 +2.8bcd 0.13 £0.01b 3.6 +0.77b
i€ ! 2 =M 19 £6.9EF 31 +5.4CDE 6.0 +£0.47CDEFG nd 2.3 +£0.28CD
bics 112 +24cd 59 +34cd 25 +4.1ab 0.90 +0.18a 4.9 +4.0b
WZEE 1 =M 7.6 £5.1F 12 £4.4E 3.1+1.3GHF 0.10 £0.03CD 1.9 £0.62D
bics 36 +14d 39 +5.7d 8.0 +£0.40e 0.16 +0.02b 3.9 +0.33b

nd KA 5 RKE PR —ESR AR L3 (TUREY R Z RIKZER /NG 78200 [l —Fh G B A R T 32 [/ K22
St TR FRERARE (P >0.05) , FRAFFRERBE (P <0.05)

M 4 WA VB, ARAEY) AR FMESBRINEERKRES . B As TS, RS 2 i,
S SRR\ B E T HAE Y #h L3 (P <0.05) , 435 (150 £7.3) (179 £35) . (265 +21)
mg/kg(TE, N , MUK BB E R T HMAEY (P <0.05) 353 (387 +80) mg/kg; B Zn T 5 , AFARIK
BB /N\ZK T B S TRRBEE VNR TR % I8  FRETEMREREB SN HAE Y EF (P <
0.05) , 4351 (77 £9.7) mg/kg (69 9. 1) mg/kg, MU E B FHCRHE A 2) B2 H T HAMAMEY (P <
0.05), k(171 £8.6) mg/kg; 5t Cu T & , i LEBLAGEE S ER A, F(15 £4.5) mg/kg, R LA E B E T B CRAE
B2)EHERER, (31 £3.3)mg/kg; 8t Cd T F , #b B F AR AR S Bim , 7 (0.94 £0.89) mg/kg , iR DL B
BT CREES 1.2) Ak CREE S 2) BE R THAEY (P <0.05) ,4-5124(0.97 £0.64) (1.0 £0.01)
#1(0.90 £0. 18) mg/kg; 5t Pb T & , i EESLABE SRR S BiR, (8.7 £1.7) mg/kg MU B R EF R (R
FER1.2) BER T HMAY (P <0.05) , 407028 (31 £7.1) (35 £6.0) mg/kg, KA 2 o, L IRF3E. B
BT R B KR OKEH 1 Cd &2 B2 EE P SRR
2.3.2 HYMELEBHHEBERBEANEERK

£S5 KU ACHEBERERR Zn fl Cd WHEBREKT 1,405 1.5 4.3, IEREARULRAR AN E S
JE#E R 2 A R B, FR K GRS RE/NT 1. RS AL, R RIK A A DA B /] — 7K
AHEYAFBENSHESBNEERENAHEER, A TUKHEYXT As.Zn Cu,Cd.Pb & EREGE K
F 1, KA LKA Y R As Zn Cu,Cd.Pb B BRI EERE T, HH % As Zn . Cu.Cd.Pb BEERHK
B I A2 N 2K i (1206 ) /NIRF-3 (1404 ) FRBE(339) , RAE A 2 A MEE(1094) FIRAE A 1 YB3
(142) , #K BAMEYI FMEERBKRT 1 WHEYE RS 1 WEREETE HBE 4/ wsE K
BT As B, KEBL I/ 32 R RER KEMAERR Cd M EE£IGEN Zn EE. HKIBE
PRI As B ERBERRNEESNIRTF 1, BN RHEESA 1T KRB (21 53 Zn W EERUGERE
FEAGERT 1, ERKB/NF 1, BFNEFR(4.0) ;5% Cu WEERBEY/NF 1 Cd MEERBIKT
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LRI RAE R 2 B RETFAR(32) 5% Pb MERRPUAERETERRT 1, RIARER 1 KER
HETHEMR(2.3),

RS PRARKEEUHNESENER RMNESRRY

Table 5 Bioconcentration and translocation factors of macrophytes at study sites

FHY) 4 R RABES . #5:%% Z%X Translocation factor ‘B4 Z %1 Bioconcentration factor
Plant name Study sites AR TF 5, TF,, TFc, TF ¢4 TFp, BF,, BF,, BF, BF¢ BFp,
AR 2 3 1 Bk 342 1350 338 548 124
S 2 Bk 887 759 148 1094 58
PRI 1 Bk 592 1170 173 580 142
PRI 2 227 1019 1144 202 125 94
INIRFE 2 Bk 524 1404 161 38 93
I\ K 2 Bk 1206 1114 159 283 45
e3¢ 1 Bk 168 460 145 344 67
SR T3 2 Lk 157 457 143 140 19
BGIR T3 2 227 114 554 82 24 8.8
FiE 2 sk 154 818 14 29 40
i 2 bk 217 260 340 127 97
HEMTFH 1 20 0.11  0.26 0.31  0.05 0.12 1.2 0.70 0.07 0.42 0.27
pizs 11 2.7 0.22 9.2 2.3
HEMTFH 2 20 0.08 0.11  0.34 nd 0.03 0.47 0.21 0.16 nd 0.07
pizs 5.57 2.0  0.47 32 2.0
g 1 20 0.16  0.41  0.95 0.06 0.81  0.79 1.6  0.24 0.13 0.21
i 5.0 3.9 0.25 2.2 0.26
FH AR 1 20 0.15 0.37 0.26 0.23 0.25 1.4 0.31 0.05 0.06 0.07
i 8.8 0.8 0.20 0.24 0.29
e 1 20 0.11 0.81 0.40 0.70 0.13 2.3  0.45 0.07 1.4 0.06
is 21 0.55  0.17 2.0 0.44
e 2 20 0.06 0.52 0.16 nd 0.10 0.84 0.18  0.09 nd 0.05
Piss 15 0.35  0.50 1.2 0.46
[HEX 1 20 0.16 1.50 0.53 430 0.43 0.62 0.74 0.11 83 0.17
is 4.0 0.49  0.21 19 0.39
gt 3 1 LU 2.5  0.49 0.11 1.9 0.26
ks 1 20 0.16  0.70  0.34 nd 0.48 0.32 0.39 0.23 1.5 0.15
i 2.0  0.57 0.68 1.0 0.21
ks 2 20 0.17  0.53  0.23 nd 0.46 0.21  0.21 0.22 nd 0.10
is 1.2 0.40  0.95 1.4 0.21
R4 1 20 0.21  0.31 0.38 0.65 0.48 0.20 0.24 0.13 3.3 0.10
pizs 0.96 0.76 0.14 5.1 0.21
T :nd, KA
2.4 REoH

LAEYIMAR A As Zn Cu ,Cd Pb FENSE X FHSSIEA FRAE AN 17 Rk EAEYIBEAT RS, I 2 22
REMIERIEE . B 2 H ] AR MUK BAR S K GR AT b 3R E R & B BEF LIS NP
KA, 1 JAHE R T RN B PREEAIRAE A 2 M e R\ 2K 0 /IR 7385 56 2 2R
T RAE AT B IR 738 K B R T 5 X5 I AR | [ SR R R A /N SRR AR A
2 B IR IR VIR BR TR A R KR K, K RAMYRESRSBEES N4 K H L
RIRAE R 2 KT 50 2 RAERAER 1 WERETER EFRIRAER 2 HERETER;H 3K
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ALTE SRAE R 1 KSR | FARRUR | B R RAR RS BARAISRAE AL 2 MK AR 26 4 JEON R | IXEE
o BRI LA, N 2GR0 & g BB /DR T3¢ R IR 3 AR AR Rl %) As \Zn | Cu,
Cd.Pb BAHGRMBIRE LR N ESBRE G RKEERERAERES.

SEATRRMR Y

Rescaled distance cluster combine

JH CASE 0 5 10 15 20 25
A &H Label  HEHHS Num 4 t f f t t
JertHR 31 7
FerHRF-3%2 15 -
BT 32 s
K2 9
FE2 -
RFH] 18—
FH A 1 ) —
K31 16 —
K 26
ntNESEL 28—
k2 31
BERETHEI 13 —
Al 20 —
B SR AR 24
¥R 10—
WFERAR L 19 -
I\NZGR A2 50—
KBEAR2 32—
SR AR | 25—
KRR 27—
SR 3
KEAR L 17—
FH A RELAR 1 23
Lo 2 4
/NHRF3E2 6 —
HRRILE$E1 T
B2 I
BRI R o J—
B R RARL 14
WA 21
K2 30

B2 HRRKEENESREEREE

Fig. 2 Diagram of cluster analysis for heavy metal concentrations in macrophytes growing at study sites

1.2 5P HIFTRRHER 1 FIRFER 2

3 g
3.1 ELEBEIKEEY R

HER THiEEEEAYIAEFEERFEUT I A — A S 2t DB EEESREN A SEM
%4 :Zn F1 Mn 7 10000 mg/kg,Pb.Cu.Ni.Co FI As J7 1000 mg/kg,Cd 7 100 mg/kg, Au 3 1 mg/kg* ™! 5§
HRENESR S BB IE Y 10500 5 REERBEAT 1 ZREBRELT 1,
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{HSZPR I, BT R 3 MR MEY R K, X2 Bl E S EI B E R PWERFERZ —.
TUKHY) 1 TARBALEIN 26 , FARTT Tk kR, B AR % Re i A R 4. BRI 48 B R R ST B Y
MWEEBRREBRIANMI— N EEER B EEREKT 1 WS E EAY X 5 FE- @AY S m]) 2
HORAE . B4 RO, OB SRR MR AR BRI, 9 R R NE A MY (BERET
B AR KR N ESE G ) %) As Zn,Cu Cd F1 Pb R —FPELM B ERBORT 1,44
B EEAY EEREUE, FRERX Zn WEBREKT |, 658 E EMEWES REBURE ;X Cd MR
FUREERBAT | B EEMYEBREMEERZEBHFE. Hp,9 FUTKHEY RIS As . Zn Cu,
Cd 1 Pb WEERFEEKRT 1(F4) , XEJUKEYEALELELBRRE (B A KEHEYESESEYR
IR B = EAME Y G FHE.

MY EL BN EEENMUISHYMIIE X, MELSELBWITENS PR SFHITRERE S
B THRERRMESE X, —RlA B EEmYITREN, YN ESRNREEH TR+ E
SRWET R A Y I E R EE S SR, DR ES R E R ERE
B AR B S RE. 40 Chen S fEWIRI A | THHTEFAMAZ I & B, As 8 B 5248y i ity
i ( Preris vittata) i 3 As 878 9 1530 mg/kg, +-3E As & B 17535 23400 mg/kg; Tang 25127 B A JE 25 th &
W, 24 R EEMY RS IT (Arabis pamiculata) # 35 Pb.Zn Cd & &34 2490.20700 457 mg/kg,
{H 357 3 AR GRS HI R ik 2780017900 4240 mg/kg; Robinson 2517 i 3 % Py 7K 3 5L B B 5T 3 bk
AP As I E BRI, KR As YRS 0.01—3.9 mg/L {35 FE N, & 3 . PY V3K (Rorippa nasiurtium-
aquaticum) 25 YR 23 (Myriophyllum propinquum) RN As £ B RGN, /KA As & BA7E 3.9 mg/L B 448
BRI As H RGBT IGFE 1000 mg/kg, P ELSBKERKEXMHEYNEEEL RN EEREKZ
—, MRXKHEESRERERKAITEEEFBHYAEANESBESERAISEIEAERNERZ —, 20F5%
H \ZGKIHTE As S8R 0. 176 mg/L /K ik PR3 As & B 153 265 mg/L, S #H—BRABIE
HaE— YR N E SR, BFANR T R R SRR EEME H K, Reeves™ X B E MY
FIE SRR PR b 3R RG-S B LA KA BRES, B2, B TFHRENEP TR S 2L ER
K, TEZE 2B T o — 2 ARG 6 B AR A B, I, 7T RUE T 2 k85 523t — 2 B9 A
TEERFEHRBRBART | WHEYEGSEABEEAYIEA S ERE, BRI RN CEFBZ T TR
TAE,

3.2 KEMEYMNESENEENE

— B 5, A R AETE R K AEAE Y E £ R N E LR BT D DIKARY) > BEE (PR ) MY > KM
P10 S WSt 2 A LK A A B A A 5 BUA 0 KR B A AR A TR R R B R AR A s g R
H5Z—8, XAfEH TUUKEY MR L HAEES ARZE BERZE, iR EERBOKS 9 1SR KPR
1A, 33865 iy A BB AR BOPLBE , IRBHHE (LB B 2k Bl MK A2 B BB IS5 G , UKW
W ZE T 2RI R P ELS R .

BB AP MENESREERBTUER , A KEMBEEYRIR BN EERBOKTZEM,
X ] BB RAE YN B 48 AOTE AL IR, BT P YRR ENE LR B R, 5 LA AR
BHELBSE, UBRESBEH E3EET  HESREY S AR, EREBAKECREA L)
X Cd B EREERRI M K FAR(FK 4) , Ui Cd Pz YARER b L GBS WEBRE T, X fes
Cd 5 TRMAE XY,

ABFFE A, [F—IIA A R SRAE S K AR A X T 4R R & 45 B N [Rl (% 4) , Robinson 21 Bf g7 2
B, Kk pH KR VEFR AR EHRE LRSI EYRIK  EEELRE A2, NTTEBRKEEYNELEE
FEXER . MITHHRER B RS ATELE As 587 0.05 mg/L BB HE KR, AT As & &355)
284 mg/kg, Lee % H ST 4R BN BMETE As H BN 0.046 mg/L /KK A, F1 As &80 282 mg/kg, A%
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H &t SRR BELE As B R 0.174 mg/L /KIS , IR As S8 510 150 mg/kg Fil 179 mg/kg, X
A RE S5 RAERT R . AR RN, REREUKAMY PN TR SERAL BB NS, EFZTER
B EEBRAE TS . ABISEREETE 10 A%, EBEARKSE 1545 B TAEF BB REN R T LR
RN o

ZAHFFE Y 17 FhK A AEPI%T As Zn (Cu .Cd #1 Pb ) —Fh sk R EA —E N EHLEES, LM EL)RE
B SR TE K LR T R R AT A Y, N ANIA B ST il B T 3% — &>, Outridge 1 Noller™* 78 87k A=
EY SRR YELSREEEZFEIAN KEHEY EEELREE ) LR AEEY R, X 2R k4
WY EEELBN, BEEBAEARRE B EIE B Y MRS A SR, K EPESB IR RZ UM
YRS, EA R FAREMY (FRRTUKHED) MK KH . Z2FK-ELBREEEYIER &2
f I ERRE , B BT RS BFFE4755 1 I _E A Baker 1 Reeves i % MARuE ? > o (EEAMRIEALIT Dhir 21 % KRk
Y EEB SR IR EN , Wolffia globosa Xt Cd F1 Cr i & £ & 4 5135 5] 80650mg/ kg F1 73000 mg/
kg( TE) , X ERAEMEY TR LB . BREFEBITKAEESEBEEMEY R ERE, 7T R HHE,
{HHRAT M BZ R RBR R . B, S IR IT & fh A I B K A A A B8 48 I B SR 4AE , 15 2 2 5K
WELAHAT LB ATt RS E N EEALE . AAMETFIE KR M4 KK A B TR B 24 5, A
H R IE 8 B AR E A AP sk A B B ZR sk p Ay Y e 3R B KRR TR,
B &R A DM E RS B E Y SH R R Ze 50 R, DAk AR 24 8 o G 0 e 48 3 A T
RESARIR K2t

FELREERNE, &AM BE /IR TSR YN R RR R, XY ES BN EE,
AREAHARAE ETRITEYREHANE, EE AR, TFIMEAE LI, YRR ARG YK ERRH, &
HYRIEY , K& X SR A B T e 2xt N ARfRR 1 G o TR RS Y248 i 24 Hh AR A FR K 7 i — 4
BB I, 57 B L AR R SR UK AR A K LR T F T 20 B S XA A 5 K A A
BE R NEE,
4 ZEig

(1) BFFE XK 132 B Pb 2 A As BREETSHY, IORER 17 Fik A K H BT, R RIAZ FER, Ui
EAI%t Pb il As A — ML

(2)9 FUTKAEY) (S e B\ KO MR T3 DB IR 738 B IR 728 P 6 5 BRI 3 3
B ) [FEEXF As Zn Cu.Cd.Pb M EERFCGE KT 1, LA L EHEEHE;

(3) P B NRT R KRR As FHE RSN (150 £7.3) (179 £35) (92 £31) |
(265 +21) mg/kg, % As EA BB HEAES;

(4) 1A IR SR AT Zn R RBORT 1,5 Cd WEBRB AR EERYUIKRT 1, #EK JBEHEY
Hh FEHEEREOCT 1 WAEDA LRSS RE T 5 B g0 /N3 KM As MEE, K
B I/ NESE KSR RN Cd s £ R Zn B E;

(5) NRESIERKE , & BRI /NRF3 BRIVB I 5 fok AP FIERT As Zn,
Cu.Cd.Pb B A BRI B ERES , BT E A5 ok A MB 2 BA BRI FME,
B P E R B B WA BT 5T B 2R SO 5T 5 5 Bh s e K A M AR A, R I B
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