J. Lake Sci.(#ia#%) , 2019, 31(6): 1592-1600
DOI 10. 18307/2019. 0624
© 2019 by Journal of Lake Sciences

KX #E ( Artemisia selengensis) E£B# T IET S B

2

¥ L EERY,IFHER,E B, ZAHMT
LR VR PR EE 5 1k T2 e R P T8 15 Y VLR 303 B F SR IR %, ) 330031)

=

i OE: TSR ULLIE R FE Cd | As 558 XU PFA, A FH G0k 52 30 98 7K 43 2 A0 b DX 3 4= 2 2 Ak M o A
FRIEAS B LA K I BEES (Artemisia selengensis) T5 4 J& W HERE I M s2 . 25 QW . + 1 Cd & W%, FE7E A A XU, 2
EZE As SRR TG YR mARME, AELE XU s B X Cd As 1R HERE 152 H MUK A3 IREE52 0, K 4318 i 45 1 A+
e pH 5ENLT & BT, G2 E R AR Cd i[RI AE3E R 5E As. ZRPEMIATHR WoR HIARES As i 53E As BER
B IR, W DR R As BARIEAL, T HIEARES Cd & 52 Cd & 45 10 W ARG, 456 Xl - 1
Cd As V5 Y10, 38 FLHE K 43 oK Bl SR AR 400, T DAREAIRAE 8 S50 M Al 4 T Cd 1 8 4 o 5 3 L K 43 S oK
FeE, T LA 33 Cd As H RS Fr it

SRR WORHT s L LR b ; B 4R 5 KA A B W AR

Effects of water conditions on the enrichment of heavy metals in wetland soils by Artemis-
ia selengensis

ZHANG Ping, ZENG Xianzhe, WANG Qinyuan, WANG Wei & WU Daishe ™

(Key Laboratory of Poyang Lake Environment and Resource Utilization, Ministry of Education, School of Resources Environ-
mental & Chemical Engineering, Nanchang University, Nanchang 330031, P.R.China)

Abstract; On the basis of the risk assessment of Cadmium ( Cd) and Arsenic ( As) pollution in Nanjishan Wetland soil and Arte-
misia selengensis in March 2012, the effects of water conditions on the physicochemical properties of wetland soil,, the morphology
of As and Cd, and the heavy metal enrichment capacity of Artemisia selengensis in the Lake Poyang were studied by pot experi-
ments. Results showed that the content of Cd in soil exceeded the standard values, suggesting kind of ecological risk. The As con-
centrations in the stems of Artemisia selengensis is up to the limit standard of food pollution, which raised the risk of food consump-
tion. The enrichment abilities of Cd and As by Artemisia selengensis were affected by the soil water environment. The increasing of
water would increase soil pH and organic matter content, which inhibited the enrichment of Artemisia selengensis toward Cd while
promoted the enrichment of As. The resulis of the linear regression showed that there was a significant positive correlation between
the effective content of As in soil and the As concentrations in Artemisia selengensis, which could be used to evaluate the As enrich-
ment characteristics of Artemisia selengensis. However, no significant correlation was found between the effective content of Cd in
soil and the Cd concentrations in Artemisia selengensis. Combined with the condition of Cd and As pollution in the regional soil, the
suitable control of the alternation of wet and dry or water shortage water conditions could reduce the concentrations of Cd in wetland
plants such as Artemisia selengensis, the suitable control of waterflooding water condition could reduce the effective contents of Cd
and As in soil.
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e EEEE W, DO B & Y R G E AR & AR s, BB W b X+ 4R
15 YL A FE KO AT P K 4348 B AR AR Al

1 HRS %

11 REAFEEHARE
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FAAR ] 43 A SRy 2R Al . BREL 10 kg 2245 IR ST H 256 F 3R S SRR AL (A% 30 em X 5 25
em) W B ZEFIAE 20 ARZEE S A ORFE R R 0, i 0 R S G AT AT HE L. S G = R OK A A%
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Fig.1 Layout of sampling sites in Nanjishan Wetland of Lake Poyang
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A RN UUR T 428 15 YT e AL S E 488G B N SR | AV e S RS B 5 € AR i
(P AR 2 U BT R s r S T YRR R B, Cd HUE 30 5 € AT i EE ARG € oW
SR i ST (mg/kg) 5 €, RIRITT S % M (mg/kg) . MR A 25 XU BLITHE RNl ) 3 4 v
YeHEATAEG R4 T B <4035 0 T 40~ 80, BTG e s A T 80~ 160, HEE TG e s A T 160~ 320, F 5
s B, > 320, EET5 YL
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21 BEEREIFLRBRAM 1 Mgt E R S HES B A E
211 +EEALBE A E 0 MHULILTE AL T 8T Tab.1 Physical and chemical properties and heavy
= RS FR AT O 5 AATR) o A XN 3 T metal content of soil in Nanjishan Wetland
PSRBT T A o
SO R EbE O XL R e T (ke (mgke) (k)

77 BRI S T R S R, S5 RNk 1 T

= P Al 534 1340 472 096
7R, As Cd EREST I 4.75£0.07 F10.97£0.03 mg/ e 10 480 007
kg, As ArEURIRES T Cd, 3% 5246505 4 2018 5 531 13.80  4.65 1.02
A X0 BE AR VLK 2R 1 4 T8 o0 K 40 A R AE IR A 4 A4 536 13.10  4.84 0.93
ST, UARH B LIS M T & 5 4 I8 W] AR VR I SR 534 1325 475 0.97
ABRVTIK R B SRR, X HE TR BH 8 75 S (A0 R % bRifE% 0.02 0.40 0.07 0.03
AR AR T, AR AR A As E i TEAR AL 337 1390 479 0.98
MESIFIPY et s AL AP Ca gy BPIWPRIL /a0
BHHE SIS 129 5, RIEE b DR 2 e 0

ST 3 B9 4.85 1R 5151 0 bR (MR ) 1)
3.23 4% JR TP ARR. LA GE PR LR A HRRC  « BRI R4S B OB T B
TS ROk ity it 8
PRLE, {H53 5% 1.33 Fil 106.80, £ R W8 AL (wap) (6B 15618— 1995).
VRIS e T C 77 75 I
R, 20 U A6 AR 4 T 9 2 A P o Bl A B2
212 REFEBAEA ODHITHEILINEIATE X LT RIR As,Cd WSRO ILUR , W0
A A R T A AN JFRIRRZERE A R TF R R A CF ORCH A 8 0 e T
IR Bk S S TP DR 3, 5 R OB 00 T L ) 0 H B0 o, e T =
e QR it/ A R i, CF = OB ke T e 2t/ M e

REREHRE Q2R 2 A SR 2ERH R B R BT 4 R 2 B, th e, A5 41
i AsCd B RELURBBIERS , 250112 5 5 O A 0 AR ST S 0 As
A Cd BT REC M1 0.0650.01 F 0.35+0.02, BEWIRERE AT C FLAT IR 0 AR S 2 S 17, 55 2% LR 15
S T As \Cd AR50 RS FHOM 910 0.29:20.02 71 0.19:50.01, ) As T 5 7 5550 5 & T-Hu i 9
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RSy 2N R EE 25 As S 5E3K 49.81+3.67 we/ke, TE LD 55 Y Wy R b7k (50 pe/kg) KE AT
REAF AR 22 A UK s B 25 v Cd AT 5 1 (28.68+0.73 pg/kg) AN T2 43 B, (H IS FRE 50 Cd By
9 BT AR A S HEAE SR B OILLL X 48 Cd 5 Yt T A0, A7 A0 T 1 £ FH 28 4 KUK

722 F LI AL R T 4R R A A

Tab.2 Distribution of heavy metal content in Ariemisia selengensis samples from Nanjishan Wetland

. Cd &8/ (ng/ke)  marm/ As TR/ (pe/ke) s/ .
KR TF CF TF CF
i) 2% o (perke) pis} 2% o (pgke)
A, 26732 2774 3654 960.84 0.19 035 197.94 4824 2924 472353 028  0.06

A, 301.21  29.79 40.88 968.27  0.19 0.38  200.17 50.59  35.28 4802.72 0.30 0.06

A, 236.49 28.66 34.75 1016.38 0.21 0.32  206.06 5524 41.09 4649.49 0.32 0.07

Ay 258.67 28.52 27.99 931.19 0.18 0.34 22191 45.18 32.63 4841.41 0.26 0.06
XM 26592 28.68  35.04  969.17  0.19 0.35 206.52 49.81 34.56 4754.29 0.29 0.06
brifE2  23.27 0.73 4.64 0.03 0.01 0.02 9.37 3.67 4.34 0.07 0.02 0.01
AR+ 26415  30.82  22.27  981.57  0.17 0.32  226.19 5446 27.27 4793.37 0.27 0.06

2.2 AR A TR RE R R WU R0

ARSI T AL - L ZE R Cd As 55 KU AN 9 A L, A2 DX 98 2 28 8 e i D i
B R ARIK G 5 R IEAT T GRS, PR P4 A 1 15,20 i 30 em IR AR Y B - HERE A, I 5
T RSB AR BT (pH B A HUBTE &) R A RS e R R OO O, AT K 23 26 AR 1 HEER
B B AR R AR A R RN
220 AR AQHZUTLEEZMERAELBEHA LA MTERRE (T REM) B3k OEKSM) 3 (R
MRACHE ) Bt IR ( F SR A1) 4 Bl 2R TR 2% S [m] of 30 - 98 B0 A A o B o o R AT M0, 45 R Ak 3 s,
MR 3, R FIK S SAE T B84 E K1 (15,20 .30 em) 38 pH 54 LT & & 1928 (bl 3 LA (R 5 — 5K
(P>0.05) : xf M2 pH KA LT & it JC ] 8 Ak, SR 45 21 R IR pH R - EA AL & B Th e, 520 pH Rl
BB B A, T2 B2 pH A BILIE S B B 5 7 I (A1 22 BLSE R s R R R 3. 25K 70 264 T 13
H Cd As ARG S BRI 35 22 57 (P<0.05) B A 4 H A0S Cd & e (IR, ARG As i 7
B A RGES Cd S i A BT, A8 As 5 i I B/ s 23 L L e Cd 0 As A7 R0 3 BEREK 73 251
W Bl Y R K A BT RS Cd D A 504 As 3800, wTLAE I, RS mA RS &S ek
P HAT —E IR, HE pH A L & B R0 18 Cd  As IR B PEANZ P A B2 AR

F 3 RIFK IR ZAF T e PRACE BT e o 4 5 i A2 fh

Tab.3 Changes of soil physical with chemical properties and heavy metal content under different water conditions

L) BiTscEi| b | XIRAL
B4
15 em 15 em 20 cm 30 em 15 cm 20 cm 30 em 15 em 20 cm 30 cm
pH 5.17:0.04  5.93:0.18  6.04+0.40 6.19£0.02 5.45+0.25 6.07:0.26  5.67+0.13  5.37+0.20  5.38+0.06 5.35+0.06

HHLE/ (g/kg) 6.50£0.33  11.90+0.14 12.30+0.25 13.30+1.05 6.60£0.41 10.70+0.29 9.80+0.21 10.40+0.33 10.30£0.21 10.50+0.40
B C/ (pgke)  167.28£1.60 130.77£1.89 133.621.87 136.06+2.30 169.9+2.12 143.49+1.63 159.402.02 151.45£1.51 150.82+0.53 151.41£3.97
HHE A/ (pgkg)  3633:1.26 53.05£2.24 58.00:1.31 61.130.72 36.42:1.96 53.19£2.14 49.36:0.64 43.54:0.84 44.35:2.60 44.28+0.85

CA BT, 158 pH B0 22 AT 20 b SR VAR il v A J5 0 X B <6 Ji o 5 B W B 0 e R Ak
AT 0 T 5 2 SR A i A WU — R G R A AR L T TS R B s s 4
BB 858 P 4 B RS - B ARHLAE S P A A FUARAR AR R, R IEBRE rh 9 28 b bk R 4 pH (A4
AR FEAE , A LB T AR5 0 WA IR A , T8 Cd As ARG & B 4 Rpsh 8P, WS T, Leat
THREILIAEE, £ Cd As FHMHILL CA™ A1 AOIESAEAE ™, HAZK A 5608 F RV R AN GE 1
I R DR, 3 pH T ms R AL SRR, H A5 3 e PR Cd™ W RE P B SR X AsOY (¥ 2 B
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WS, R CAd ARESE B/ As BRES H I TR &MT, LA TIRIE FIREE, L3 Cd As 3%
LI HLES &R AS™ LA™ K3 40T pH FEAIR FLA LI B b i KE , + 48 Cd A5 280bk T, T
As™ [H 5 - S R B S 30 As A RCHERR A R IBAS R R AF T, IR BT A T i S 1k 5 5 SRR A 1 58 B
2R, 4 Cd DI T et S A LA GBI SR, As DL AsOY Rl As™ IR B S8 B A1, R AT
Cd 1 As Friigdiesh' 7

222 FEADAUTHEELBE T ET M AWFITKSEIEREEE w4 As FI Cd eI, E T A
FKs S0 PR RS S SN E R, 45 RN 2 FioR. MBI RTA, &4 KT R R 28 Cd &4
IR L 15 em By 353.29+5.84 pg/kg, 20 em Fif -y 405.4321.60 pg/kg,30 cm HfH 430.29+2.85 pe/kg;
TG AT AR RS Cd B A2 IR A%, 15 om B 263.29+15.24 pg/kg,20 cm B2 271.14210.31 pe/kg, 30
em [}l 271.86+8.72 ne/keg. B4 KB HEEE As BERYER T, 15 cm B} 5 380.00+10.24 peg/ke,20
em [ 24 503.29+6.31 we/kg,30em M) 569.57+8.72 e/ ke fliZk £ 00 455 4 538 5 4 4R F AR 1K, 15 em
I35 24 280.29+18.26 1 271.29+10.96 pwe/ke, BIELHFEE To A K 3 20 em 1 30 eom, A2 4 & 4E =0 7
7 356.14+8.14 391.8624.64 pg/kg.

A ARFIK AT L1 Cd As BRHE TR, TUERHEE Cd 5E8T 515 Cd ARES T
AR B , RBUIR R4 4 Cd RS SR HZEE Cd BERRIK, RIS H HECdf
RS A R AR Cd B AR AR, X N R A Y Cd* R A B AR Cd A BB, WK AR T
o HE Cd L CA™ B R 3, T R AR B 7 FH 358 350 398 Cd A5 3 PRI, 328 Cd s 42 i/ 1T+
BERRRAE LT 11 Cd AN AR T, Cd R RS FE. AR, BN A+ 54
A Cd TR TEIEA,AFE Cd SR &, BOR R B RSB K &R T 208 B IE % A K 2
HETEEXT Cd IR 288 As BAERAL S 482720 As SRR ELA WA CH: , SR IR B 41 148 As
AYE GRS A As BERRE, BHASCRHA 5 As SRR AR As §ERRMIK. =
BEF R S S AR B S BRI A B AR S R A ) 4 R AR i, a5 A Sk
B SE R AN MR RO A T As B RCA T B a3, 5 20~ 30 em KB BERY As B
ER AT 15~20 om (Y As 585, 30T B 2L 2R K5 38 W7 AT A R0 1 4 4k 52 i X As Byl
FEL

[ R il BB AcHidl X HRZH

500 - 700 -
400 - \ § " 7
20 30 15 20 30

K /em A K /em
2 RIS 4l F AR Cd Al As rft

Fig.2 The content of Cd and As in Artemisia selengensis under different water conditions

23 L HABBELRCESREEREN KA WAL RIELIEARSEREENEE SRS
BRI , AR SO A FK 7 2500 T LIEARES Cd As & 8705 52 B A Cd As B EA T2 [0 5 KAl
FKMEIIHT A RN 4 PR, DHEAREES Cd 58 W R RTEE KR TR RECY 0.846, B —E IE
R (P<0.05) , e [ AR AR A HE A AF B A HA M ENE (P>0.05) 5 B HEA RS As S SR E R EL
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HAEHEK | IR B AR A AF ARG R 0 3 0.998.,0.760 Fi1 0.840, ¥ H A — 5 IEHCHE (P<0.05) , ¥
IKAAF T ARSRHEI N .35 (P<0.01) . JLAE SIS PR 75 SRR S AR IR T /K 73 5t B M i 3985 2
SRR AT Y T T AR DG s 0 2 B0 K A PR 9 b A RS R AR T T A W
Hh, B AR B ST B S IR TR B AR, SR BN S B ROC . PRLIE, BEX Cd 35 2 H Y 4
AR B A, R K oK sl R R A A D 2 Cd B S b s N E SR S A B, T i i
AT IR K o R KRB T Cd AR S AT X As Y50 E R L3, AR IRIE A i
Tl 22 T 5 4 HL MK o S KORBD H3E As ARG
F 4 RFRPFAT EHEAR Cd As i SHEEERN LR
Tab.4 The relationship between the effective cadmium and arsenic contents in soil and the absorption of

Artemisia selengensis under different water conditions
Ko ERIE A% Cd & i RO OC &R AR As & RS EEPORC R

BIERE (T R&M) / /
A2 (K EME)  y=1.6519x+48.263( R*=0.846, P<0.05, n=9) y=23.592x-869.77( R*=0.998, P<0.01, n=9)
TR (FIBAEE)  y=0.0839x+293.06( R2=0.0015, P>0.05, n=9) y=6.1433x+55.184(R2=0.760, P<0.05, n=9)

R (IR MF) y=-28.481x+4703.5( R*=0.0654, P>0.05, n=9) y=106.69x-4303.8( R*>=0.840, P<0.05, n=9)
3 &it

1) LI E 58 As 3 4k (4.7520.07 mg/ke ) 1% T %85 FH W) 8 5506 ( 13.37 me/kg) HIE 5 4 48— 2 i
{E(15 mg/kg) , ARHE AT Cd 54 (0.97=0.03 mg/kg) W H B bR, HA — & LS.

2) RARLILR B AR AR As (Cd 5 fig i, 25 B 25 TP As 91k (49.81£3.67 ng/kg) 7E R A T5 %
FRAEFRIE (50 pe/kg) 7KV, ATREAFAE B 2 2 XU ; 257 Cd 54k (28.68+0.73 pg/kg) 1522 23 I N , 77 LN
1B A

3)ZEE As \Cd WS 1 As Cd ARSI B —E KRR, AR A F T AR R A28 o 5
B JE R N R R A 22 S TN ], ELR R 20 250 T P OGO 3%

4) F1x Cd 55 b e, mT R 1K 3 BOK SRR A R IR A RE S Cd R AR, AR L K i K
Hesi /b 1 Cd A7 RS S i BT As 15 5 b 8 G A B A 85 O P42 K 7 S ORIk 1 As A7 8K

IS A EL
A

4 S 3k
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