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RS E SR AR 10 Mk EEYHNES R EREE

FAELT RLERE Fox kT Lk

A A#HAFEFREAEEH B TEZR, M NEK  553004;
ARHEATEFREDAFERAFR. FHM <EA 553004

T8 E R R R 43 0 BE L 0 S A K B G0 20 e 10 K AR R A R P9 AR FR S T Zn Cr Ni, Pb,
Cd Mn,Cu B35 , % HARTR R I 75 e R0 e 1 45 ) W i 5 & R RP AR BEAT B 9T . 45 2R W7, 10 Foh /K A A ) AR
T e 32 B H A AN W R B Y5 e, Cd 15 Yt ™ F L 15 e Cd>Pb™>Zn>>Cu>>Cr>Mn>>Ni, i 10 FliK
AR R N T 4 R B ML IR B (Muyriophyllum wverticillatum) o F # %1 Cro Ni 5 4 & % #5, N 67. 20,
57.84 mg/kg; B F % T ¥ (Alternanthera philoxeroides) ¥ T # %} Zn,Pb,Cd. Mn. Cu & 4 & & &, 7 3 N
1 804.20.38.83.27.73,11 913.75.13.58 mg/kg. IME M .5 23E T W .5 I (Thalia dealbata) WA XT £ Fl &
& Jm A B AR AE IR B T AR XS Zn . Cd Mn 19 & 4E REK 4.28.6.74,10.32; B R ¥ T H T # X Zn.Cd,
Mn [ EHERECHN 6.13.10.70.8.81; i AL HL N HXF Cd . Mn &£ REN 4. 68.2.69, KA (Schoenoplectus taber-
naemontani) 5 B 1 (Iris pseudacorus) \J72E (Phragmites australis) 2 1 5 (Pontederia cordata) P 3% 5 (Nu-
phar pumilum) 3538 (Typha orientalis) AL FAT (Arundo donax var. versicolor) %t 2 7 i 43 J& W 5% 7% R 406

i 1, BB B s e
Pl oA 858 24 4 — 5 i i AR AE

KRR B R T K AEAE Y s AR W
RESES X714 AR ER A

Wit 3k T AR T A B R R L K AR R 4
J& & i H fR 3G, E A KR 4B R A LI
FERT DL SR R A s B0 A W o e A 2 AR K AR K
SRS U8 H B SR B A A ) A S £ e
N (G L 55,2010), KA % 42 58 3
W A K AR UE R AR AR R 2 BR K R B e
H4JE .5 BB 2 E R (F R4, 20135 77 fl 4,
2015;Leung et al,2016;Favas et al,2018), 45 3
HEAT 7K A ) ol 24 35 56 R T DA R M 2 el A
WLB P A B (A 45, 2016) . H T X BT R
LA R B9 BB AR S R G S TR AR
% SRS T T (MR %, 2013 24,2013
FANEE 20153 A2 424545, 2017) , i R DL AT 5 WA 38 [
FH 28 K A A ) 4 R R A T T HGE

s EHF 2018 -03-19

E&WAE N ARFHEAITIE BR4E LH 5[2015]7631) ;
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LHEEE RS Mn (W58 R B .o 9.82, BFFTFR M, 10 Fhok A4+ 4 X B 50 [ 5% 38 i 2

AR 7 1 HCIH ) [ 5108 H 2N B R 10 ok AR A
Yy, 0 e HRE W R 9 SR e R Zn Cr Ni, Pb,
Cd Mn.,Cu & &, JR 58 HARFRIT Ve 75 Ge iR ol J &
& B WS B R RRAE L O 6 1 A AR ) B Y UK R
HEYy . 5 A6 A B0 ) 5% 3 b 2 el £ 2K 2B A ) o 2K ok
PR B AR S K .

1 #MHE5RFIE

1.1 HEXHR

AH 08 ] 52300 Hb 2 el 437 1 5 M 48 7S K T rpo 3R
X 74 %B (26°34'40" ~ 26°35'38"N, 104°45'29" ~
104°48"45"E) ,ifF 4k 1 805 m, s B¢ 3T /X £ /K i ¥
2B, V8 AL 2 Bk O — i LW Oy B R R )
A — 2% R W 2% 1 30 L A . A Dy S BRGHE 2R KL
XLARE SRR 13~ 14°C, & T ™ %€, E T &, £
iy MY B Bt P ER D S A AR AR 2 R K &
1420.8 mm. B8 [ 5230 M 2 el > 7K 3ok v i) 95 3k
SE AR 197.70 hm®, ML T AR 84.65 hm® , [ MK Ny
42.8% . TR DL T E R A A 4R
MK iR HE R L 3R — AR Y 22 T RE K AR (R £
85,2013 Z R 45, 20135 T FALEE, 20155 £ & 4346,
2017),
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1.2 HmRE&E

2016 4F 9 J1,xf BH 98 sl 580 b 2 Bl A K iy K AR
FLYHEAT 22 GE VR AT L SR RO AR U 35 22 L B A K A
—E DI HACH B A AR YER 10 FhoK A=Y
(F D, REEREXIE 1 m® NKERY 5 A Y %%

BRAZ N PRUEAE AR 58 22, B3 AL W fc D SR 4 3 Bk M
BR/NII SR A 22 B o B Bh AL WD B A 2 1 kg [R] IR 4R
XM AR X 0~20 em JERYRIEAE M LY 1 kg 1%
T B HR DX IR A il 0 301 2 AR SR B AR L 2
R LY

F1 10 FhokEEYMAE

Tab.1 The ten aquatic plant species analyzed for heavy metal content

T 4 FR 28 A 1 Y

ME B (Nuphar pumilum) [iE 3% B} (Nvmphaeaceae) ZAEETFH R

IR (Myriophyllum verticillatum) JN Al FE AL (Haloragidaceae) ZAEAE YUK Y)

B (Iris pseudacorus) & B Bl (Iridacea) LA LKA

7% % (Phragmites australis) RAF} (Gramineae) AR R Y

A1 5 (Pontederia cordata) T A FEFF (Pontederiaceae) ZAFH KAL)

BB ¥ T 5 (Alternanthera philoxeroides) At (Amaranthaceae) LA KAL)

P JJ4E (Thalia dealbata) 23R (Marantaceae) LA KLY

7}(‘@";(S('huenoplecZus tabernaemontani ) VW E R (Cyperaceae) ZAEEHEKKEY)

F Wi (Typha orientalis) F iRl (Typhaceae) ZAE A KA Y)

WA AT (Arundo donax var. versicolor) KA F} (Gramineae) ZAE KAL)
¥ 0

1.3 HERL4EBESSH ) EEENE

SR B AR IR S T B SR KIS BE T 1T
afi K Wk Wi oK 43, BRI 43 S M B R AL R AR ik
AMESE 105°C F AT 30 min, X5 70°CHLE 6 &,
i, ok 60 H i, 2 AR O IRHEAS T & 5 IR TR AR
FREMEPR R A PEZRY), & T8 XTI, T
T AR AT, o 100 H i, %
AR M. YA S PRI 1.0000 g, K
i HNO,-HCLO, (R FLEE 3+ 1) TR A 1 i 5 IS Ve A
FFRI 0.5000 g, % HNO,-HF-HCIO, ({& 1t
33 DIRA M R F R 7 Wl 43 % 6 B i GCE
3000 SERIES Thermo Fisher) 1l %€ Zn,Cr,Ni,Pb,
Cd . Mn.Cu W& &, B 3 IELR .,

1.4 EEHIE

K& £ FZE(BCE) 5% 28 (BTE) iF# K
A AT ) A T ) SRR AE (B AR AL 20125 S R
WG4 ,2016) ,

HEZRB(BCE) =Y 45 &6 7 5 4 )8 & %
H/ORRPESEEEE., HYNEEREELK,E
HY 0T o 4 8 1Y) AR RE )RR L B8R R T A B
IR ok

HBRBBTE =M L0 CEMMESEE
EE/MWTHTHELREER., HYEBE R
AR, 2R B AR A DAAR 350 1] by 38 4332 % 42 ) g
FEE B A TR R E S
1.5 HIEFESHF

SR R ] SPSS 19.0 Fll Excel 2007 #E474¢8
ot

21 KEEYRBEREEESE

Z I8 50 N £ 48 15 50 O [ 26 B R
1990) ,10 Ff/K AE M YR EBE Ve Zn . Cr Ni,Pb.Cd,
Mn.Cu &R ILE 2(n=23), Zn &N 80.50~
310.80 mg/kg. BR/KZ ALM FAT, Zn 7EH A4 8 Fhok
A AE P AR BRI U8 & 5 K T 5N T Sl b
FIACRRFBIE Ve e de i . o 3.1 /%5 Cr & iRy 67.01
~151.38 mg/kg. ¥ & . 7% R MO FEAR KV Cr
SN R R R R 1.6 £ NI
N 13.90~42.55 mg/kg. R A # A AR ERIEIE Ni
TRATHM EEFRME. N 1.1 f5:Pb F &
32.16~108.66 mg/kg, b ¥ F A8, 9 Rk A
HRARIEIE Pb & £ ¥ K T 5t M 43 75 508, IR 3
WIBER S B R, N 3.1 %:;Cd/FEN 1.19~
3.38 mg/kg,10 FKAM YR Cd & 2
B M A S (E ) AR AR IS e
H5.1f%;Mn & &R 67.70~1 352.70 mg/kg. =
B8 PR R AEREE U Mn & & KT 5 £
HRE, e KRMER 1.7 %5 Cu & & h 23.68 ~
80.77 mg/kg, bR 3% KL AL AT AL, 8 FhOK A HE Y
MRV 4 8 % 1k K T 50 T HE T (e, 2 fa
MBIV & B e e, o 2.5 1% . /K AR R ) MR O
AR F KT oM 5 Sl Cd A5 8RR, Ul
W] Cd f35 ge 5l =, Pb YR 2, Ni 555, W) [ &%
T b 2 el SR 38 DX SRS UE V5 Y5k B Cd™>Pb>Zn>>Cu
>Cr>Mn_>Ni,
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KEBMBNEESERE

B30 [ 50 2 Bl 10 Fof K A A ) A4 TN i 4
IR 3. AR AAE Y | TR R K AR A TR
TR R Bl K LR AR W) AS R B 4 i 5 iR AT AR BOR 22 57

MEEH - F Pb, Mn

A~ B

B . A o 12,90,

890. 13 mg/kg; N HE M -3 Ni,Cd & & =, 4
SR 4.13.2.05 mg/kg, M &8 Cr.Ni & BE&R &, 5

R 67.20.57.84 mg/kg; B P H i FH Zn &
e, i 104.05 mg/kg, H ¥ Zn,Pb.Cd, Mn,

Cu & & & &, 2 % ok 1804.20., 38. 83, 27.73,
11 913.75.13.58 mg/kg; HF i F3# Cu & & &,

0 8.25 mg/kgs FERF AT B AT Cr & B B

18.32 mg/kg., ERJE & /R KNENEFEF R
T8, Mn & & ik #] 11 913.75 mg/kg.

x2 KREEYRBERESESE mg/kg
Tab.2 Heavy metal content of root zone sediments

T 4 FR Zn Cr Ni Pb cd Mn Cu
MR 180.90+£3.12  70.54%+1.80 16.77+0.25 32.16+1.12 1.46+0.13 133.00+9.81  23.68+1.05
b §==F: 266.90+20.35  76.41+2.02 25.074+0.92  108.66+2.98 3.13+0.21 255.90+1.78  38.77+1.14
Y 257.00+£4.23 151.38410.61  42.5542.00 41.714+1.14 1.9440.12  743.30+26.90  78.38+1.04
P 114.304+10.65 113.31+£5.80  24.66+0.88 41.95+1.65 1.44+0.10 191.70+8.21  56.5941.30
A L 194.60+8.90  142.3949.53  38.27+0.48 55.48+2.53 2.3140.09  341.80+11.83  80.77+2.10
HEEREETH 294.50+9.56  86.12+1.96 33.6041.00 94.4144.00 2.59+0.16  1352.70+76.23 35.8840.92
HI14E 310.80+9.95  75.51+1.41 26.59+0.53  102.53+7.22 3.38+0.18  886.00415.12  38.4340.97
KA 80.5040.66 76.16+1.96 19.25+0.78 36.73+1.42 1.19+0.08 67.70+1.04 42.36+1.21
R 182.40+9.04  79.05+1.90 35.70+1.29 42.22+1.93 2.184+0.17  604.404+13.92  40.88+1.17
ALK 98.7041.23 67.014+1.31 13.9040.43 48.3241.37 1.8040.13 206.7047.88  26.44+2.04

+ et SR 99.50 95.90 39.10 35.20 0.659 794.00 32.00

=3 KEHYENESZENEE mg/kg
Tab.3 Heavy metal content of each aquatic plant species

MY 2R AL Zn Cr Ni Pb cd Mn Cu
—— b 28.71+0.54 4.69+0.11 2.63+0.05 12.90+0.72 0.954+0.03  890.13+39.47  3.27+0.05
T 27.524+0.20 5.76+0.31 1.0140.04 4.51+0.18 0.302£0.05 90.65+2.10 1.89+0.03
s Mol 18.98+0.16 2.27+0.10 4.13+0.09 9.84+0.31 2.05+0.07  664.00423.79  2.5740.04
MR 1143.50E47.64 67.2044.03 57.84743.08 19.62+0.51 21.1140.95 2641.00486.30  7.47+0.04
e o E 19.78+0.25 1.90+0.06 2.5540.10 8.37+0.35 0.31+0.03 169.00+5.85 1.18+0.02
REW® R 13.49+0.12 1.51+0.13 0.6240.05 3.86+£0.14 0.1040.01 48.3042.18 1.19+0.04
e Ml 17.65+0.21 6.2140.19 2.5940.08 6.3140.44 0.0340.01 62.50+1.35 2.5940.02
* T 8.60+0.17 16.33+0.25 0.9740.05 5.407+0.37 0.01+0.00 36.80+1.29 2.9740.03
b g o 39.61+0.45 3.61+0.11 2.46+0.12 11.77+0.35 0.52+0.04 170.38+6.75 7.7740.05
o T 45.0040.94 5.984+0.20 3.69+0.12 8.460.09 0.7740.05 42.0540.92 7.85+0.04
e b 104.0544.95 2.1440.08 2.9440.10 10.18+0.53 1.01£0.04  592.25417.03  1.55+0.09
T 1804.20+54.15 31.3640.63 31.35+1.30 38.8340.58 27.7340.37 11913.75+154.80 13.58+0.47
Ml 27.0840.29 4.68+0.06 2.96+0.09 8.48+0.49 0.204+0.03  737.38+18.49  3.14+0.06
e M 83.55+2.01 34.05+0.61 9.04+0.18 23.49+1.18 15.8340.52 2381.50+118.70  7.0640.50
b 12.34+0.27 2.2740.09 0.7740.08 5.0640.40 0.06+0.01 78.75+2.55 1.33+0.01
E WF 8.5440.11 4.15+0.13 0.65+0.06 3.30+0.22 0.05+0.01 62.15+3.62 1.38+0.04
. Ml 16.60+0.25 2.32740.05 1.6040.05 4.8440.22 0.4340.03 246.13+8.72 8.2540.49
i MW 39.8140.76 3.86+0.06 1.4140.04 6.59+0.42 0.42+0.03 189.15+5.59  11.5140.59
P HE o 17.01+0.19 18.32+0.61 1.794+0.03 8.4440.34 0.2640.04 103.88+4.31 3.5240.06
T 16.0240.27 31.69+0.71 1.68+0.06 9.1440.48 0.33+0.03 184.70+4.70 4.65+0.05

23 KEEVMESREEERH Xf Mn N EEREH 1163 KF 1. mKENS

A 4 TIHN, P % R M b ER XS Mn S RECN
6.69; I #e ks 1 FF X Mn &£ REHR 2.59, 1L F
X Zn Ni,Cd.Mn W& % R B 58 4.28.2.31,
6.74,10.32; B R T HH FHHX Zn.Cd.Mn &
B ZBAY MR 6.13.10.70.8.81; i 7 46 Hb T 3 %
Cd Mn B &L R B0l 4.68.2.69; 7K 20 L F 3

BT E NN Mn B9 5 45 & ik 10,70,

2.4

KEBYEESEEBRE
MF 5 AT R ¥ B X Zn Ni,Pb,Cd,Mn,Cu
(7% 2B W 1.04.2.60,2.86.,3.22.,9.82,
1. 73; B E WX Zn,Cr.Ni,Pb,Cd. Mn By R4
SR 1.47.1.25.4.10,2.17.3.26.3.50; /% X} Zn,



2020 % 1 HA

Z4EE AWERERAEH 10 KERYNELEE EHME 89

Ni.Pb.Cd.Mn ¥ # R %533}y 2.05.2.67.1. 17,
6.00,1.70; R A FXF Ph.Mn 8 250050 1,39,
4.05; 7K Z%F Zn Ni.Pb.Cd.Mn B 2505 % K
1.45,1.18,1.53.,1.33.1.27; F 3l Xf Ni,Cd,Mn %%
BRI A 1.13,1.02,1.30; FE M A7 % Zn, Ni
HRABM N 1.06,1.07; ¥ KT 1, MEZEREXS
Mn B 58 2B K, 53] 9.82,
x4 KEEUNESEEERY
Tab.4 Bioconcentration factors (BCF) for each plant,

above and below sediment

B RBBCH

2 " Zn Cr Ni Pb Cd Mn Cu
M B 0.16 0.07 0.16 0.40 0.65 6.69 0.14
F  0.15 0.08 0.06 0.14 0.20 0.68 0.08
Ml 0.07 0.03 0.16 0.09 0.65 2.59 0.07
WF 4.28 0.88 231 0.18 6.74 10.32 0.19
M 0.08 0.01 0.06 0.20 0.16 0.23 0.01
T 0.05 0.01 0.01 0.09 0.05 0.06 0.02
MWl 0.15 0.05 0.11 0.15 0.02 0.33 0.05

P

K 0.08 0.14 0.04 0.13 0.004 0.19 0.05
o, .. Ml 0.20 0.03 0.06 0.21 0.22 0.50 0.10
W fh e ) .

R 0.23 0.04 0.10 0.15 0.33 0.12 0.10
H5E M E 0.35 0.02 0.09 0.11 0.39 0.44 0.04

T OMT  6.13 0.36 0.93 0.41 10.70 8.81 0.38
. E o 0.09 0.06 0.11 0.08 0.06 0.83 0.08
WF  0.27 045 0.34 0.23 4.68 2.69 0.18
M 015 0.03 0.04 0.14 0.05 1.16 0.03
T 0.11 0.05 0.03 0.09 0.04 0.92 0.03
#E o 0.09 0.03 0.04 0.11 0.20 0.41 0.20
HF 0.22 0.05 0.04 0.16 0.19 0.31 0.28
e ik 017 0.27 0.3 0.17 0.14 0.50 0.13
B MR 0.16  0.47  0.12 0.19  0.18 0.89 0.18

x5 KEEYHNEEEEBRHY
Tab.5 Biological transfer factors (BTF) for

KA

i

each aquatic plant

it/ H#H R E(BTE)

24 B Zn Cr Ni Pb Cd Mn Cu
MER 1,04  0.81 260 286 322 982 173
MEH 002  0.03 0.07 050 0.10 0.25  0.34
WEW 147 125 410 217 326 350 0.99

FEE 2,05 038 267 117 600 170 0.87
Wtk 0.88  0.60  0.67 139  0.67 405  0.99

BERETHO0.06  0.07 009 0.26 0.04 005 0.11
WAL 032 014  0.33  0.36 0.0l 0.31  0.45
JKZ 145 055 118 1.53 133 1.27  0.96
FW 042 0.60 113 0.74  1.02 130 0.72
MR 1,06 058 1.07  0.92  0.77  0.56  0.76

3 it

3.0 AKEEMBRERMAZNEVESERE
W5 % 30 B30 1 52 000 b 2 Tl 10 /K A R4 AR

PR 52 3 1 4 J@ A ) T BE 095 % 35 e i B Cd >

Pb>7Zn>>Cu>>Cr>Mn>>Ni,Cd 75 i ™ &, 75
Ye R B 0] BE 5 W10 [ 2 b 2N T T Ak v B A B
Ko T Hh 28 T AR I 7S K S 2 B, PG L b 8 4 B i)
B A SIS, B0 2 VR R HE R R A SR
M, Cd V5 Y38 1] B8 5 24 Hh = 35 R (E A 5%, KR Cd
-3 & A iR R T S H Y 5.0~5.6 f5 . & H
REH G TR 1.5~ 1.8 fF Cfal AR gk &5,
2004) , 10 P oK A= 4 9 A 5 Y B8 b on] DLIE B AR
KooK MBI E M8 EER, RAFRKAEBY A KW
VR E &R S A R 2 5, 5 T R R A B A
KAl 5 R R K AR AE AR 2R 2R 16 A [ 4 T 0 A
e A K. T HAEMRIBIETE Zn Cd 7 5 5 . 43 5
4 310.80.3.38 mg/kg; ¥ B i iR AP CroNi &
R 1 51.40.42.55 mg/kg; K 3 AL
JEJR Pb &R, o 108.66 mg/kg; B B T HAR
PRI Mn 3% fd . 4 1 352.70 mg/ kg 2 L FAR
FBIEYE Cu 4 &8 % & e .o 80.77 mg/kg. T
ARRMEFE R REE T 10 FloK A AR 0 E KR TR K i
JEC e B it B50HiE T R TG T 4 T e I TR R A e
N A JE S YR O HREAE — o R L R
EEBIGYKF
32 KEHEYNEERHUERHN TRMESEE
EEREMETEMTE Zn.Cd.Mn & &5 5K
1804.20.,27.73.11 913.75 mg/kg; I & ¥ b T #B Ni
A 57.84 mg/kg s MWK Zn.Cd . Mn Ni 7 &t
K FE B B & & 294.5, 2.59, 1352.70,
25.07 mg/kg, KK IHEP AN Cr.Pb.Cu T KT
R EAKAERY . TR SRR P E 4B LR
TEAA O, B0 43V e k1 5 4 T 4 B i AV 4
WAL T A VS e 1 4 A AT AR A ot A S A
YIRS (TR B4, 2015) s R ZBOUK A A R # &
G B P KT S, T R R R X 4 e ) — Fl
T N, A R A JE B AR AR, AR R R
TR G KR 55, 2006) .
WHAERBBCH) fE— & B E Eal Ry -+
WRG T E SRR IT B W MES B R ik
WES BN E LR, MEERBKT 18, UiH
% 4 A O e R R O (BK R AE L 2006)
P JE s 3% Zn Ni,Cd, Mn B & 4 2500 9 K
4.28.2.31,6.74,10.32, 5 R & F HHL T #H X Zn,
Cd.Mn W& £ RE5 510 6.13.10.70.8.81, F J1 4k
R E AT Cd.Mn 19 & 5 R A5 4.68.2. 69,
3FOKAAY) M T HE 4R E LR K T L E,
T EMESBTENEERBIRT 1.8 T
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HR R FE AR AR ), de K (E O B 5 3 1 55 b T X
Mn & % & %1070, 8 % & ik 3 8B 5 &£
MY E 48 B R E (Baker et al, 1989), &
11 913.75 mg/kg.

M55 78 280 (BTE) il K, 38 WA 9 A HiL R 35
) b b 552 B T 4 IR A ) Rk o, B R A
WhBERESR., MYERBREORT 1,0 DL
Y16 5 (Shi et al,2011), FEZER M - HXT Mn
1 E R R HCH 6.69, 5688 RAECH 9.82; /K 2 Hh - Rt
Mn B &L RECH 1.16, 55 RECH 1.27; ¥4 F A
KAX Mn B RS FHEBABHIRT 1. E B
BAEMY WA S (Baker et al, 1989), ¥
TRFEHN 6 MELSBREBREKRT 1;4FEM
KAX S R ESEERRBRT 1 FMx 3 fiE
SR RBKT 1 % A S FAEN 2T 2 Fh
SRR ARKT 1. 7 MoKAMY X £ R4
IR RBOE T 1 R A KA RA
RO Y AR S R Be T, A AR MR AR AT A
R RE s AW EA —E B EEN .7 FoK
A AE T AR Sy BA ) SR b T B SR

4 Hig

(1) 75 257K B0 2208 b 23 Bl 1 IS e Cd L P,
Zn V5 YL 10 MoK AE YN Z R E SR TR R
ARV R AR X T R S AR A A I
BLHE SR A, AT RRIOR 2R e Z AL
B0 TS S AE Y % BB L R R K
A N A S R 73 o B A S oI
i,

(2) B B35 3 KA AEM ST R AR
K MR RS Bl R R e R
A ARG BB A

(3)10 Fh K A Kl ¥4 0T 36F 75 48 7K B 1) [ 5% 300
25 e R IC D HEAT — 5 BB 52, W% Tl PR 5 v AL A
— AR L AT AR i R ) X3 T 4 R A e FOUL
A B,

&k

BRET L 2508, RESR 1T, 45,2013, Bt N 48 7S 87K BH 9 [ 5 00 2
el i sl 4 B IR R A RIS [T ] S K U9 27 B 2 4R 25
(6): 1-20.

TR G L AT B L 2R TP L AL 2016, BT /N PR XL
W 48 19 5 R AE LT ] ARk 36 5 Bl 27 22 4. 35
(11): 2180 - 2186.

o B0 R o B bR L X0 AR A L 2004, BN P 4 HE R TR Hh

BB kAL S PR BT R R LT ] BN M BT, 21(4) 245 -
250.

BORA X S, EARAR 55,2006, /oK A AP %) T 42 R &
FERET MR FE ()], AR 25(5) : 541 - 542,

TR R 2015, @ AR XA S T RELE B I —— LU
7S 7K W I [ 520 b 2 B S A L) 0.1 K L (6) ¢ 70 -
73.

W %, F R IR, 45,2010, KEUK A A Y5t 8 42 )8 1Y
BWHRGHEL] AEEM,30023): 6430 —6441.

Te0, LAl 55 A v, 45, 2015, K A 4 25 B 4 ) AL 22
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Heavy Metal Accumulation by Ten Aquatic Plant Species in Minghu National Wetland Park
LI Jin-hui', DING Wei', WENG Gui-ying’, DENG Hong-jiang' ., ZHANG Xu-yong', ZHANG Xu'

(1.School of Chemistry and Materials Engineering, Liupanshui Normal University,
Liupanshui 553004 ,P.R.China;

2.School of Biological Sciences and Technology,Liupanshui Normal University,
Liupaishui 553004,P.R.China)

Abstract;: Minghu National Wetland Park is a multifunctional wetland, a tourist destination providing wa-
ter for irrigation and aquaculture in Liupanshui City, and its ecological/social value is directly related to
water quality. Because of their importance in providing ecosystem services, aquatic plants and sediments
have attracted increasing attention. In this study, we determined the heavy metal content of ten aquatic
plants and their root zone sediments in Minghu National Wetland Park using Atomic Absorption Spectrom-
etry (AAS). The investigation was carried out in September of 2016 and the heavy metals included Cd,
Pb, Zn, Cu, Mn, Cr and Ni. The results were used to calculate biological concentration factors (BCF) and
biological transfer factors (BTF) of each plant species toward each of the heavy metals. The objectives of
the study were to provide a reference for selecting aquatic plants in Minghu National Wetland Park. Results
show that metal accumulation in root zone sediments varied by metal, following the order Cd>Pb>Zn>
Cu>Cr>Mn">Ni, with Cd posing the highest ecological risk. The heavy metal content of aquatic plants
varied by species and the highest concentrations of Cr (67.20 mg/kg) and Ni (57.84 mg/kg) occurred in
Myriophyllum verticillatum. The concentrations of Zn, Pb, Cd, Mn and Cu were highest in Alternan-
thera philoxeroides, with respective concentrations of 1 804.20, 38.83, 27.73, 11 913.75 and 13.58 mg/kg.
Furthermore, the roots of three aquatic plants (M. verticillatum , A. philoxeroides and Thalia dealbata)
strongly accumulated heavy metals. For these species, the respective BCF values of Zn, Cd and Mn were
4.28, 6.74 and 10.32 in M. verticillatum ; 6.13, 10.70 and 8.81 in A. philoxeroides and 4.68 and 2.69 (Cd
and Mn) in T. dealbata. The BTF of most heavy metals in the other seven aquatic plants (Schoenoplectus
tabernaemontani » Iris pseudacorus, Phragmites australis, Pontederia cordata, Nuphar pumilum .,
Typha orientalis and Arundo donax var. versicolor) exceeded 1, but the BTF (9.82) of N. pumilum to
Mn was highest, indicating that strong transfer can be achieved by all seven aquatic plants. Our results in-
dicate that all ten aquatic plants play a role in purifying the water of Minghu National Wetland Park.

Key words: Minghu National Wetland Park; aquatic plants; heavy metals; heavy metal accumulation



