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Abstract

The differences among ten wetland plant species in lead (Pb) quantity accumulation and distribu-
tion were studied under moderate (1.5 mg/L) and heavy (3.0 mg/L) water Pb stress and in con-
structed wetlands. The results showed that the differences among the wetland plant species were
large in Pb accumulations in aboveground parts, underground parts and whole plants. The biggest
differences were 9.3~9.7 times for Pb accumulation in aboveground parts, 10.5~12.3 times for Pb
accumulation in underground parts, and 8.6~9.2 times for Pb accumulation in whole plants. Be-
tween 1.5 mg/L of lead-contaminated wastewater treatment and 3.0 mg/L of lead-contaminated
wastewater treatment, the correlation of these lead accumulations was very strong and reached
an extremely significant level (P < 0.01). The correlations between aboveground parts and under-
ground parts in Pb accumulation were also positive and significant (P < 0.05 or 0.01). The results
indicate that the abilities of wetland plants in Pb uptake and accumulation remain consistent un-
der different water Pb levels. The wetland plant species with higher Pb accumulations in above-
ground parts may accumulate more Pb in underground parts also. But the differences among the
wetland plant species in Pb distribution proportions in aboveground parts and underground parts
were relatively small. The biggest differences were about 1.5 times for Pb distribution proportions
in aboveground parts, and more than 3 times for Pb distribution proportions in underground
parts. Therefore, it is better to select suitable wetland plants for the treatment of Pb-polluted
wastewater according to their Pb accumulations. Furthermore, the Pb accumulations in above-
ground parts are more meaningful, because aboveground parts can be harvested and removed
from wetland easily. From the view of comprehensive consideration on the Pb quantity accumula-
tions in aboveground parts and in whole plants, the plant species Zizania latifolia and Alternan-
thera philoxeroides are outstanding. They are suitable wetland plants to be used in the treatment
of Pb-polluted wastewater with constructed wetland.
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B EE A T R E A KPS 3 KK (1.5 mg/LK 3.0 mg/L), W5 T Fi@EY st 45 ik
RERESEHESR. ERRA, A TMEHEDRPERBREIFERRER. NEEYFEAH
. #HTH. EHREFHRENERER(FEERERKEY SR EZER/MEYK HE) 55X 5] 9.3~9.74%
10.5~12.3f%. 8.6~9.2f%. S thEM, 1.5 mg/LET5HEKAEE3.0 mg/LEATERE/KAT 2 H, Xk
PR BERMHHERRR, XBIREZEKFEP<0.01); MH, b EHSH TR ISR BERMEMH
1REF, KB BEBREZEKFE(P <0.050r 0.01). ZEFUH, BHENKHER RENESFHFEK
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FEVG KL 71, FRE B AR BT EAAEA R AL, s KA EE T2 R F B & 175 e v Rl
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[1][6].

FEN IR AL B AR, A Y 2 BRI, BN A i E R A s . O — T
AT LB FUR L BT K s e i — 7T, FER A & 3 vl AU AR BRIREE, I 5%
M 7K A2 R3S R G5 Je i e i . BRI, VR R VR U ) o] DL — R AV . P03 AT
AR, IR G e A E R . R, — SR R RS K R B B R TS AR
SRSV, T H AR TEAE YR N IRISORR R mR I E R, X SR 7R R AN L b A B R S G
KBS, ALK EEMER, WH B (Brassica napus) [7] [8]. LR KR F E 4 JRAIRIL. B85
MARBRRESITTT, AN [EFP S 0 HAE ) ) 22 [R) Fh R A P AS () 25 R 284 2 TR R AEAEAR K 22 5% (9] [10]. BRI,
FIFH N TR HE AR 5 4 v G K AT A B sl 5 4 5 oK b T S, i 30 N H — 2653 H b
HEREMER. EVMEm. REREZNREY P EEEE R R HE . AT DUE N T A8 5 W
(R -F MR AR Y AR, 6 AN [F) A SR AR R OSORR SRS K B R RE D EAT T ELEUIE AR . B AT A SR
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2.1. ATiBMtithszE

TE 5 W T 50 B A /NN T b, 3R 6 M@ i, A5 NEAR 2 m? (1 m x 2 m), #hEER 50 cm,
WM 25 em JFEAIE, BIRIE RS2 YR, WAL 5 mm 0, ZERAPNZR. @,
% IERRIE G (pH 6.87), AR & B H(2.95%). HIEFEMRTET G, 4 Hy0,-HF-HNOs-HCIO,
AR, HEFRYC O EENEE S &, RS8N 33.8 mgke. mHIbEIE ERIEAN LS, HK
Bil—A H UL EOKHS T 00 5 em), 85 B RCR AR R B R A Y 91 1
2.2. JEHEYIRE KXWt

WRIEA DAL AT TE[11], EF N AR FEREE 10 A8 WLIBHEYI( BT 7 DR, X
VIR b SCR R B 2 4 AR 1

Table 1. The species of the wetland plants used in this experiment

=1 SRAEHENRRFER

R WA 4 5 -k F4
A FH Zizania latifolia (Griseb.) Stapf F S SN Cyperus iria L.
B I=E Phragmites communis Trin. G [ HE 3R Fimbristylis miliacea (L.) Vahl
C Ml 42 Isachne globosa (Thunb.) Kuntze H H 2 A Aeschynomene indica L.
D B Polygonum hydropiper L. I ey Monochoria vaginalis (Burm. f.) Presl
E {117 Eclipta prostrata L. J LT Alternanthera philoxeroides (Mart.) Griseb

FERAEMRIAE Y b, RN EA —BUR L (8 10~20 em)ARAAE S 4F FORR it A3t R i
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VIFk 3 ¥k, HEPIBENLII S5 A

N TECHIV S YL R K o AR SCHR TRt SRS A i AR 7T, V5K R RN 2 AN YK, 23l
9 1.5 mg/L (H LA J4) 1 3.0 mg/L (FEBEETS L), H /3 iirall PoCL B . 75 A )5 4% 21 Hhtb 5 (1)
515 Ky 22 K 29 KMGHECH I FES G R AN TR M, FEANAKCP RS G R AN 2 MBI, £
URAFHATS YR /K NN 160 Lo 55 2 AN b [F] B I N A DA 16 1 SRk VR Ju it R o 76 BEANIE A 4 A
K6 H 10 H~7 H 30 H), REHBHFIKZIRE 5~8 cm.
2.3. BMEYIEEE SRIE

IR HAEYIRERRIG I EE 50 K, SR HUAB ) 4= bk 3E 47 HURE o AR S B R /KB 3 T 2588 Pk e o
VT VU PR HAE Y 53t bRy R M R Ay, o BIAE 4RSS, FMEAETE 105°C R 30 min, FE7E 70°C
R REE, AR E TR AR R, PR AN LR, G 100 H . eI i s
(RIRE i 25 B A B B A I, R R 4 HNO5-HC1O, W A J5 FH B TR AT 43 516 e o v 5 S 2
2.4. et

853 BT H Excel 2016 34T, AHIME S KPR Poos 1 Pooro
3. BR5WR
3.1. AEEMESM EMBRRNER

AT S K F R (1.5, 3.0 mg/L) Ry skt P 1 b 35870 5o S e e AR 2 L5 1

30

O 1.5mg/L PbALFE M 3.0 mgL PbibE

Lad .l
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Figure 1. Pb accumulations in aboveground parts of different wetland plants

E 1. TEIEtEYM E R RE

25

PbA i (mghith)

ANFEHIAE ) (B IR R E M ZE R AR K. AR HAE Y T, M E AT R R R KRR O E T
HARS 1), £ 1.5, 3.0 mg/L HHi5 4R /KALBE R, i B3 E A B4 BN 17.45 mg/ith. 26.73 mg/ith;
AR R E RN (IS E), 7E 1.5, 3.0 mg/L #4154k /KA HE R, th B i e 5 2 1.87
mg/ih. 2.75 mg/ith. 7E 1.5, 3.0 mg/L #4154 R K AL, Rl Pt bR B 1 B K 2 5 40 il
EE 9.3 £, 9.7 (R E R A SR BRIV L) . £ 2 Pyt e R R s T3
MR, 2 T RS DAIZESECS A), 1E 1.5 mg/L #1544 R /KA R & T 10 mg/its, 7F 3.0
mg/L 835 YLK AL B R ST 20 mg/ith .
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X R A B Rk, 1.5 mg/L #YE YR KA S 3.0 mg/L Y5 YL R K AL EE 2 JA]
FIFH e MEIRBR, MO R B mIX 0.9831, AFIHE Z /KT (P <0.01).

3.2. FEEMEIM THBRRNER

FERTS K, ARNEHEYIH TR R E R Z R LA 2. 78 1.5 mg/L 85 3K T, +
FVR MO P R AR A B8N 0.80 mg/ithi~8.41 mg/ith, ASFEIEPIIA BN Z 73] 10.5 £5; 78 3.0 mg/L
BSJeK AR R, AR Y R AR 2N 1.03 mg/ih~12.69 mg/ih, AN R 1A] i K 25 A
B 123 f5. A 3 MEYH AT R Bs T A, 0l REFAVS A). EREALS DTG
T RS D), 78 1.5 mg/L 8575 G R KA EE S 1 SR F R = T 5 mg/ith, 7E 3.0 mg/L Hi5 4Lk /K Ak
HRER T 7 mg/ith e ATULE H, R U A 2 T bR SRR B 0 2 S R v T A R

5 SRR
14
2k O 1.5mg/L PoibiE W30 mg/L PoibE
=10
)
)
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S
% s
A
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E F 6 H 1
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Figure 2. Pb accumulations in underground parts of different wetland plants

2. NEFEMEMT T EARRE

FLX A R Y T B R RSk, 1.5 me/L HYT5 JK AL T 3.0 mg/L BTG Y K b B ]
MIAH DGR R, AHOC RECRIA 0.9907, AHIGHEIR B R E/KF(P < 0.01). S T-H b3R5 M T 52 (A4
FARERRR, MXSHRY, £ 1.5 mg/L #1i5 G PRk A EE T~ Hb b5 1 T i 2 A AR 38 5 i AH ¢ R4
N 0.7270, AHFMER B Z K F(P <0.05); 1E 3.0 mg/L #1545k KA T A 55 R E0N 0.7894, HHEIE
BB R KPP <0.01).

3.3. FEIEMEYLEIERROER

TR AR ) (] AR R E R ZE AR R (K 3). 7E 1.5 mg/L 875 4R KR, PRETI R i
KIEMNZ AT A), AR EIXF] 23.22 mg/ith; RHRETR R 2 &/ DEY L8RS E), REER
A 271 mg/ith; T FHBHEE Y AR R E R EORZE TN 8.6 . 7E 3.0 mg/L B REAKALE TR, 4
PRETIR R E R KN T OETFEARS D), R ERF] 35.28 mg/itl; 2R RER/DNIHEYI A Z
87 (105 E), BRERERA 3.82 mg/ith; HHBHEY A SRR ER R KER N 9.2 5. H 2 MEY)
SRR REW RS T HAMEY), 252FAT AMTLETERRS J), 1E 1.5 mg/L Hii5 3% K ik
PR T 20 mg/ith, 7E 3.0 mg/L £i5 YR KA R T 30 mg/itt .

FRIX U B S RRET AR R ROk, 1.5 mg/L #H5 R KA HE S 3.0 me/L 4175 LR /K AL FE 22 1]
RS PE AR SR, AHC R EEIE 0.9913, AHIER BIR R 2K T (P <0.01).
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Figure 3. Pb accumulations in whole plants of different wetland plants
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Figure 4. Pb distribution proportions in aboveground parts of different wetland plants

El 4. TEIEMEYIRAREA M EAAISEC L5

ATUAE H, R EE RO L Le R s, BT R = T 50%, PR E] 70%BA . 7
1.5 mg/L 805 J KA BE R, FEVR A M b b 38 B 4 BE LLAF A T 57.19% % 86.85%, 1Rl Hi A& 47 [R] 1Y)
RRZESRN 1.52 f5; 18 3.0 mg/L 95 /KA, A 7EVg i 3R 1 5 L Ll A F 60.19% 48
87.76%, T FHBHEYA) ) B R ZE N 1.46 . T FHR U4 SRS AE T 5 23 T L ] BU ARG, ik
KHEAE 40%LLF, P RE 25%4£ 4 (E 5). £ 1.5 mg/L #H5 4R KAFE T, A3 A YR 3 0 7
BCEEBIA T 13.15% % 42.81%, PR HE YR 155 K72 7R 3.48 % £E 3.0 mg/L H15 LR /K AL BT,
AR Y R BRI 0 BE EL BT 12.24% % 39.81%, - FHE MUY IA i K ZE 7N 3.25 f5. L,
TR HURE DA R AR B o0 TR B AS R K S T AR R R S A 2 BE Le A, T AS [R) R AR A 1) b R SR 2 BiC
Eb A8 11 22 S5 8 2 v 1 38 0 T B B 11 22 S 5, (LS ()3 b A 0 T S o T ) 222 S s KR/ N TR 2R
B2 FIRE.
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Figure 5. Pb distribution proportions in underground parts of different wetland plants
[ 5. TRIEMEMAIRR S A TS E LA

FES MG KA B TAEEOR Y, N TR AL BEEOR N 2 — PR A R R AT IR, B A T
A LUK HE Z Fh B SR AL S, i ik DhRe . T VIR D Re S5 55 [12] 0 76 N IR Hh iR R I8 o 1R
MRS, FTRUR SRS R K P E SR, A e ORI kAT S rh AR B, AT LR IX S
& JE MK LBR[13]. JERFFEHRIE, 0 N TR E AR, UL LBREE BTG IR KT 87%I1 4 -
A9% 1%L . 95% AR . 85%IKIHH [ 92% M4 [1]. B 20 48 90 AR LAk, AN iRl sioh i T Ab 3 £
PG K, WERA TRYEE K AN A=K BN LK Sl A B AR K . 15K & 14]. 28
M, AR, Y E &8 KRR R 6e ) M R AR N BT 2 BRI, e
Hiu R P A 2 ) AN [R] K o < JR A R B AN [F) T AT 1R R 22 5 [15] [16]6

AWFFRY, ASFERRHAEY) AR R AR IR R Z R, AR A A F 3R R A
PRI R B I K ZE ik 10 e b0 038 0], ANRVETS BeK-F R b BB0 . 3 38 A ekt
N R A CPEIR R, AHOC REGEIA 0.98 LLE, #RIEBIHEZE/KF(P <0.01), U BIX g Y I E A 2R R
DIFEAN [F RS QR FE I K PR FFARE o A0 HTIC R, X SR I b3 5 4 3 2 R 4R 58 2 R A DG 1k
WAELF, IR F) 2 BN K F(P < 0.05 B 0.01). 1% EEHIF 5045 H N I% B AR5 YL IR /K AR R SRR 24 R
JIR M EER AL T RIAT M. (AT UKL, AN [R) I RS A (B 43 O 1) 22 e AR LS, g i A
VolEth bEES  BC LL B B R ZE RN 1.5 e, MR ERET AL E SRR 3 A, KRRV AE
MR R R R 22 SR A . DRIUE,  FERI N TR TR R AR B G PR K i, BEAR PRI A )
FERS G K AR SR okl T e 5. TR MUY () b 358 2 Lot R 302 SE 25 By sk A 2B, i L
A FANRY], Y EEER RE S SRR RERKE S CFEE] 70%0L E), Bt LR EY)
H EEBETE R B L R R B A S . R, FEE R R AR TR IR AR YT, TT DUAR SR b
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BEMEE ST HMEY, 95&2E5 (Zizania latifolia)F175 0OYEF B (Alternanthera philoxeroides). 1E N
PN T TR AR AR BT 5 G K, 31X 2 PP 4 & B AR 1R 1 4%

4. &g

TEF (1.5 mg/L) M2 5 (3.0 mg/L)E5 e K v, - Fhig s 47 (8] A AR B g 70 22 AR K. kb B35
R BRI K ZEFIL S 9.3~9.7 1%, N BB R KZEFET 10.5~12.3 1%, SRR R B K
KERIEF] 8.6~9.2 5. 1 HIX St Wy AT FN R B8 AEAR RIS Ge/KCF N OREE— 8. 1X A ik e Hyis G
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