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HHZE 2008 4F 5—11 J , K8 in] 10175 5 A 7] 22 IR U852 ( Suaeda salsa) ( FEIMERE , MMS | S. salsa in middle marsh ; {5
i3, LMS, S. salsa in low marsh) YEHIFEY)- T IEREGE V H Co 5w ETT 3078 L HA Y BRUFESAT THT5E . 458380 MMS
I LMS 1222 H 3P v 5 Co & Ry A8 Ak 25 S B AL Te] — R i it -4 b VORI Co A5 i 9 A AT A (L, MMS (5
LMS) Wi 30 V & B R & T Co & ik, " EARFMA R R 9N 12.01% ,12.35% (MMS) Fil 4.08% 4.94%
(LMS) . MMS Fil LMS #2147 + 5 v (9 RBUSE (1., ) KENT 1—2, b FREEG YR ; Co B9 1, KZ 4T 0—1 Z[A], 4b
TG RFVR BTG ROIRES . VA Co B RAE MMS ANRIFS 53 B AR I Ak Y& M > > 1 >25 (P<0.05) , i 7E LMS TR I A v
Yr>it>Z8>48 (P<0.001) . MMS F1 LMS AFEZSE R V 3¢ Co HA R I FAAER R ZER:  Hi# V Al Co 1Y RZS(HRZELL) \R/L(AR I
o) FI S/L(ZEM L) KZRT 1, J53E h R oc R AR LI K2/ T 1, MMS Fi LMS A E531Y V Fil Co RIRRE(AF) %
RIGF I AF, <AF,,, T4 500519 0.31—1.32,0.12—5.56,0.08—1.23 ,0.38—0.65 1% ( MMS) 1 0.14—0.84,0.23—0.68
0.34—0.77,0.43—0.56 % (LMS) ., WFF8 &L, MMS Fl LMS 1@ Hh 438 g AL Rk i (b9 & B 22 2 S8 % V /I Co &
AFE2E S N SR 2R | I P R o 26 A 25 2 ek T Ab A B /K ER 45 A A B VT Co ZEAS [ 2 B 4 2 E S D B I 22 S 2 33K
YRV F Co $68 Ay AEY B ESEEIREE . BEEZ X T A T R R B R A R A3 1 2
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Seasonal variations of vanadium and cobalt bioaccumulation in plant-soil system

of Suaeda salsa in the intertidal zone of the Yellow River Estuary
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Abstract: From May to November 2008, the seasonal variations of vanadium (V) and cobalt ( Co) bioaccumulation of
Suaeda salsa (S. salsa in middle marsh, MMS; S. salsa in low marsh, LMS) in the intertidal zone of the Yellow River
Estuary were investigated. The results showed that the seasonal variations of V and Co contents in surface sediments of MMS
and LMS were significantly different whereas those in the same marsh were similar. The V content in sediments of MMS or

LMS was significantly higher than that of Co, and the coefficient of variations ( CVs) during the growing season were
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12.01%, 12.35% (MMS) and 4.08%, 4.94% (LMS), respectively. Geoaccumulation indices (1, ) of V in surface
sediments of MMS and LMS were mostly between 1 and 2, which could be classified as a moderately polluted level. The /,,,
values of Co were mostly between 0 and 1, which could be classified as an unpolluted to moderately polluted level. The V
and Co contents in different parts of MMS were generally in the order of litter > root > leaf > stem ( P<0.05) , while those
of LMS followed the order of litter > leaf > stem > root (P<0.001). The transference of V and Co among different organs of
MMS and LMS showed great difference. The R/S (root to stem) , R/L (root to leaf) , and S/L (stem to leaf) of V and Co
in MMS were mostly greater than 1, whereas those in LMS were mostly less than 1. The accumulation factors (AF,) of both
V and Co in different parts (root, stem, leaf, and litter) of MMS and LMS showed AF,>AF, ,
0.31—1.32, 0.12—5.56, 0.08—1.23, and 0.38—0.65 times ( MMS) and 0.14—0.84, 0.23—0.68, 0.34—0.77, and

with the values being

0.43—0.56 times ( LLMS), respectively. The present study found that the differences of organic matter and Fe-Mn oxide
contents in marsh sediments of MMS and LMS were the key factors resulting in the differences of their V and Co contents.
Differences of the ecological and physiological characteristics, the water and salinity conditions in the habitat, and the
ecological functions of V and Co between MMS and LMS showed significant influences on their transference, distribution,
and bioaccumulation of the two elements. With increasing oil exploitation intensity and oil fuel usage, the V and Co
(' particularly for V) pollution in surface sediments of intertidal zone will be gradually highlighted, and the LMS can be used

as the alternative species for marsh remediation resulting from V pollution.

Key Words: vanadium and cobalt, Transference and allocation, Bioaccumulation, Suaeda salsa marsh, Yellow River

Estuary.
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FHOUES |15 ASIE H 25 52800 2 S0 S, [R) I J0 ES  2EHRr 00 h 28 49 1 TER  B XUEL B | 3 A S DI RE
TEBRTE 5341 DX, H TS TR0 B R 58 2R AR R /K R A5 R 0 25 S 43 ) 7 v 3 e AR AL e T2 B T P AN
[Fi) 2 0 R0 P i v [ BT ) AR B e (AR HEIDICN (52.5149.91) em) I ZE 34 Ay St 0, T M 8 52 1Y)
FIAREE /N (ERBEI R (33.64+7.96) cm) , MHFIZEX K20 @10 ] HHF /K o0 B o 1 2R el R U T
I, A 3t DX S e A 3t FH R ) 3 2 DXl T A i L T S A A TR S feli ] AT B 3 s g b v
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1 ARMREHARTE

L1 AR5 XA

T 2008 4F 5—11 H7E LLZR i) = A U 1 28 9 F AR PR AP XA BT 11 AU R RS T R e e AT o 09T = £y
A RO X T 1992 AF 28 FE MO Rt 7, 24 R R = M 3 AR R X, B = i IR IR
AR S X, SR IRLRT, DU ZE 4 B, R AEP R 12.3°C, R T 10°C LR AR 4183°C, K IXF 3 TE R
210 d,4E 7% % 5 1962.1 mm , K & 551.6 mm, HLZEPTEE Z {47 X (1% A 182570 52 32 5k B ol P
T RIER +, FERIGEA N P (Phragmites australis) | 77 25-3k ( Phragmites australis-Triarrhena sacchariflora) |
FEMI( Tamarix chinensis) 8% S AM L ( Limonium sinense) 55 , Ferpvpi 35 BEMI S i o AT A8) o A v i v
SR ME b 03 b 1) PR E R 1 2 SR, HR 2 TSR PE T LR 1,
1.2 BR5EIA F1 RESHERHFRE T (0—100m) AL R L

=,
1.2.1 ﬁnn*%%ﬂ‘iﬂ Table 1 Comparison of physical and chemical properties of topsoil
%Fﬁﬁ—fﬁ@?% jf/?i s Tﬁ ,E!ﬁ “ J}Hi il 'Iﬁ N ’ft %‘:2 ‘lﬂf N ﬁ[ (0—10cm) in different tidal marshes

P IS, A BT AT AL R M S A — MR Wetland type
P, B5E 5 o T e 2 3 4 (37°45757.07N, 119°09740.7" MMS LM

g s 267 Bulk densi om? 1.33:0.03  1.64£0.03
E, MMS ) AU 15 s (3°746/38.9"N, 119°00'41, 1 Dulk density /(e/em®)

, e T, P RELJEE £ A Hiki Clay  8.67+0.66  10.14+0.04
4"E s LMS) j‘jﬁ}l:j‘bxrj‘% , ﬁﬁuuﬁ 30 mx30 m E/J/\ j:‘t'é Grain composition/ % ki Silt 49.67+0.53  57.13+0.14
Mo, IR G B b b BB R A R E YR, M A PR Sand  41.66£0.14  32.74+0.18
YRk S, BN E R b i R A K R A 20 d 2 ISR 0.28940.013 0.34620.031

Soil moisture /( em®/em®)

HRE—YR . SREER ; s
FORBE— U RAEI, BEHLEIR 4—5 4> 50 emx50 em o o) conductivity/ (mS/cm)  5.58+2.80  18.07+0.43
> > 4—?‘ N A‘JI—‘ 3 HHs /3‘—» I\ IS
E‘J#ﬂ‘ﬁ ,FHEJ ﬂ/&ﬂﬂﬁyﬁé T*E%i&i%ﬁﬁ ) G5l E%%\é 5 ijgﬁ*)‘[‘ﬁ Soil organic matter/ % 1.07+0.06 0.93+0.04

S BAE I T RABER RIS A 5552006 8363000
%—:*HE ) Xﬁ L \{,ﬁ; Eﬁ IX% ’ FJT, D g_: B/—ﬁj‘j ﬂ’{“ +%§; ., i’ij,_FfE MMS, i MEBZE S. salsa in middle marsh; LMS I8 MEBi2E S.

SRR A, O A b A R /N D A el i o menh
TE L SRRERE ERETT N 0—40 om AYRRAXTRAZ L A ] 5
e e A T B R e oL Y R B W U B/ P8
BES A=y R )4 BEHLIE B 4—5 A 50 emx 50 em (UFETT , EIRRAE Y 3600, 15 B S A 9 (9200 &8 F
1) o TRl SCERAE DT N HTE TE T b YA 075 4 i TRt X O AN RN 2 H ), A o i ik (32
SRt ) RO VE T R L SCTE A E T SR A I, BT LAASHIE SR S Y A ) N T ) AR B R
FERERYH b 30T AEY) AT (ST A+ 087 H) & T 80 CHETARh Bt T 2 IH T, FR& S5 RE AR ok
4,38 0.25 mm G f5 25 F . AEPIRE SR AR A TRI ST 2 300 7 o e AR LR I B2 A 7 PSR AR HBERE A T e 1
B FM G KA, SRR, A BRI XCR AR 3 A 3, S IR BE N 60 em, B 10 em — 2 3k 6 )2, T
R AR R EZAERKAE 0—10 em HJZ 0 BCARRFSE HEERE 0—10 em A9 LR ST, FERAER M K
AP ] S % A AR 1 BRI A e, FHBRIE DL R, 1 100 H 0 5 34800, R 1.5 JUK LR
(975 1200 pH , SR FHAE 5 20 BE TN 2 458 EC R JH 358 FR 8 s I 338 A LIS, >R PO BE 73 B A
D5 3R RE RS R FH I Bl
1.2.2  FESAHT

FREL 0.1000 g H-4EFEM, A 2 mL HNO,  1mL HCIO, fl Sml. HF, 3 F 160—190°C Jt4 H 16 h, 3%k
T 2 mL 4mol/LHCL J& , PR A B F/KFBE R 10 mL 00, FREX 0.2000 g FHPIFE A, LA 2mL 65% ) HNO,
Al 1mL 30% 1) H,0, )5 , i 28 TR B E 10 mL £70, PR RE S ITE Agilent 7500 ICP-MS il &
V Al Co WY&, M@t B rh R FFRUERE S (GBWO07401 F1 GBWOSS13, [ FAREY) F .0 ) flas A RESE T IR
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i RBUEEL(1,., ) A FHTTER B i 5 H MR SUE I Rk B R G TC 2 AEUTRR ) Th i) 3 4
B, b VR Co i 1, TR AR

L, = log,[ C./(k x B,) ]

Hop e MR+ IeE i SOIE, BN S TR & 5 (PPN PR S 5UE) s K R IE R E(—ME 1.5) ,
FHCATHBR G #2 S T RES | M T 2 i A A BRI sh . M 1, <O BN TET5Y4;0< 1, <1, A ET5 4515
JETG Y 1< 1, <2 Z 00 RGP 2< 1, <3, Wi BTG Y 3< 1, <4 Z 0] T Y a< 1, <5, J i
TS L, >S5, NTETGS,

MG E V H Co B RBUREL AF (Accumulation factor) 1] HIAEISE V(5L Co) Fit 5 11 V(5
Co) FRA LR FAE AR .

AF,=C,/Cg;

AF=Cy/Cg;

AF, =C,/Cgy

AF;=Cy/Cy
Hr, € Co (Cy Car B R AR 25 I FIAG S ) rh VB Co P38 i, Cgp Ros 138 V 8 Co 1911
T,

R V(B Co) S M/ ZE L (R/S) MY/ M HL(R/L) F125/ M H(S/L) AT 4K 4 Dahmani—Muller 20 42
RPN wa
R/S= Cy/ C,
R/L= Cy/ C,
S/L=Cy C,
IR VI Co HIGERE H (H, ,mg/m?) A JH T K345,
H, =C xB,
Hor, ¢, IRV 8 Co 1971k (me/kg) , B, RN IR A T (ke/m”) .
1.2.4  BARAbH 5
iz FH Origin 8.0 B} R SEATVE BRI, F1%F MMS Fll LMS 32 391 V Al Co A& & U A A
Rl B 1V HI Co B it il Jr 225341

2 HR55%H

2.1 +HER VM Co FrE AL

P2 LR V B Co i AT RALRHMIE 22 7 AR (P>0.05) , HL[A|—FRi s -3k v Al Co 75
BB AMIRL(P>0.05) (K 1) . AT MMS I LMS 3841 3)2 -+ V 1 Co & 5 A9 AL B4 3l
F 93.53—129.87 .11.74—13.45 mg/kg F1 99.59—111.58 11.75—16.73 mg/kg, ¥I{E N 109.70,12.60 mg/kg Fl
106.31,13.68 mg/kg, MMS K= LI V Al Co FHI &R & T LMS, H A —FR i )2 LR v 5 51y
WA T Co i, HE R 1Y 8.02( MMS) il 8.44 (LMS) 5, HEIATNT =, MMS M +- 3 V F1 Co 7513y
ST 5 ARS8 A B A B ARE AR e (8, e AR K TR 8 53 2R B0 )l 12.019% A1 12.35% , ¥ )@ T
SRS (10%<CV<100%) o 52 ANIA] LMS {H +-3% 1) V Fl Co & B AEAE K T SR sl A8 1k, AR 5 R A
53901 4.08%F1 4.94% 1)@ THE 5 (CV<10%) o MM, A K ZE MMS FI LMS W2 13 v 19 1, KEA
F 12, W FREGYUIRG; Co (1 1, KEATF 0—1 ZIR A F I REIRE SRS (F 2) .
22 MRV Co Bt AR K

MMS F1 LMS ARG E 4 V Al Co & 4 HA U R AT B ALRE (F 3) . MMS ARFIZER V & B 7e:
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KAVHBAR, T 7 H h AR B A5 3R S FEAE S v v 5 2 TR A KW I IO e KA S 238
RN, R LMS AFEE V & AR RRIE IR L — 20 P AR 5 MMS 22 14K Rl 2 AR |
22 VS I IRAS YA R L MMS 5 1A 245 8 Co T F , HEAE MMS ARl 88 B i & s A8 fh7E 8
H AR —3, 25 W R AR R AR, Hod ARFIZE P Co & BB B AR S, Y Co S8 F 9
H T B R KM G SRR, 52 AR, LMS ZEf1H-rf Co & i h—2 BT 8 HH
PRI KA, AR Y Co & bR AL KU B8 b, 45 MMS (5K LMS) AR 25 RIS V(5 Co) it
P AR AR L3R — B, (H R T R Z ) i AR A2 SR (1 3) o [k MMS 2509 V & LUK Co & & 7E
AR RN E SR AR 5 LIS (CV>100% ) , —FH ARG V 5L Co &t i ZE WAL h a8 R (R 2) . I
M,V F Co 7E MMS AN [] B 43 v i) &5 2 B AR R B A Al 5 W0 > AR > > 28 (P, <0.001, P, =0.011) , 7E LMS
U R B RG> > 25> (P <0.001, P, <0.001) . BRARSM, MMS Al LMS AR V 5 Co 51N
KE 2 RKE (22. P, =0.002, P, =0.016; M P, <0.001, P, =0.036; #i7%# . P, =0.013,P, =0.010) ,

—o—MMS(V)  —o—MMS(Co) L6 —=MMS(V) —o—LMS(V)
—o—LMS(V) —o—LMS(Co) ‘ —e—MMS(Co) —o—-LMS(Co)
% 140 °
g ¢
g 120t ——3 5
Z 100 S
" F8
8 80 ke - NCBV-V &2
p Bk .2 1
o8 £
=g o=
> 2 X3
=] > E
g g
= g
= (53
s 1 1 1 1 1 1 1 1 O 1 1 1 1 1 1 1 1
2 4 5 g2 %2 g = = 2 5 5 % % ¢ = =
H i Date H# Date

1 BiitiEd VI Co REMSHEN

Fig.1 Seasonal variations of V and Co contents in marsh soils

V, 8l vanadium; Co, %l cobalt; NCBV-V , 24t B HE V A7 518 North
China craton background value-vanadium; LMBV-V , # £} V 175 5
{#, Loess parent material background value-vanadium; NCBV-V, 42t 7%
$ii8 Co AYHF 5, North China craton background value-cobalt; LMBV-
V, 8 4 B i Co A3 5 i, Loess parent material background value-
cobalt; MMS , FV I ERRGE S. salsa in middle marsh ; LMS , flG#MERE S.

2 Rt EED VI Co M RARFEH
Fig.2 Geoaccumulation indices (1,,) of V and Co in marsh soils
1o , BB FHEEL Geoaccumulation indices; 24 1., < 0, N IET5 %4 ;0<
Lo < RSB ETS I 1< I, < 2 Z 0, RSV, 4
vanadium; Co, % cobalt; MMS, "1 WEGRE S. salsa in middle marsh;
LMS  RIHMEBRTE S. salsa in low marsh

salsa in low marsh

F2 ERKFHEHYAEITS VI Co 82 (mg/kg) WHERERREH

Table 2 Means and coefficient of variation (CV) of V and Co contents (mg/kg) in different parts of plants during the growing season

MMS LMS

T H Items V Co V Co
I (+SD) CV/% I (+SD) CV/% Y (+SD) CV/% PIE (£SD) CV/%
R Root 2.27+0.95 41.67 0.61+0.29 47.41 1.91+1.01 53.19 0.640.40 62.43
2 Stem 0.78+0.86 110.57 0.33+0.29 89.24 3.83+2.17 56.58 0.90+0.53 58.45
W Leaf 0.84+0.40 48.01 0.45+0.54 121.48 4.7422.32 48.88 1.10+0.58 52.61
Mi?%¥) Litter  5.30%3.33 62.84 1.21+0.71 58.58 10.81+3.03 27.99 2.60+0.80 30.81

V,Hl vanadium; Co, % cobalt
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Fig.3 Seasonal variations of V and Co contents in different parts of marsh plants

V, 9l vanadium; Co, %k cobalt; MMS, FFli¥ERR% S. salsa in middle marsh ; LMS  fIGHEHRERNZE S. salsa in low marsh

2.3 VAl Co B RS
2.3.1 V FlCo WY5:R%

MMS H1 V il Co 9 R/S . R/L I S/L 1 FLAETE Bl 43771 1.34—9.43 [1.01—6.79 ,0.32—2.83 (V) Fil 1.00—
26.00,0.90—7.87 ,0.04—4.05( Co) , M 7E LMS Hr — 35 1y AH Y FeAE 3 1 A 0.19—3.36 ,0.15—0.88 ,0.26—1.95
(V)F10.14—2.92 .0.12—2.83 ,0.38—2.09( Co) (% 3), H&IMF,MMS H V #1 Co i R/S . R/L il /L. KZ
KT 1,00 LMS PR TR AN LLIER Z/N T 1 U F ARRIZSE V 3k Co MR I HFERRZES

£3 EKFEYAEETS VI Co M R/S.R/L M S/L LL{E
Table 3 Root/stem (R/S), root/leaf (R/L) and stem/leaf (S/L) ratios of V and Co in different parts of plants during the growing season

Tji H Ttems HAH Ratios 5—17 5—31 7—12 8—9 8—31 9—20 10—19 11—15

v MMS R/S 1.76 6.19 1.34 8.38 3.70 9.43 2.92 5.35
R/L 1.01 1.02 3.80 6.79 4.23 3.06 2.97 3.01

S/L 0.57 0.17 2.83 0.81 1.14 0.32 1.02 0.56

LMS R/S 3.36 0.19 0.61 0.28 0.50 0.38 0.74 0.29

R/L 0.88 0.36 0.52 0.22 0.52 0.38 0.55 0.15

S/L 0.26 1.95 0.85 0.80 1.03 0.99 0.74 0.51

Co MMS R/S 1.00 26.00 1.93 9.76 1.11 3.96 1.42 2.93
R/L 0.90 0.93 4.51 7.87 1.49 0.46 5.74 2.93

S/L 0.90 0.04 2.33 0.81 1.34 0.12 4.05 1.00

LMS R/S 1.67 0.14 2.92 0.35 0.63 0.60 1.03 0.22

R/L 0.63 0.29 2.83 0.29 0.68 0.63 0.68 0.12

S/L 0.38 2.09 0.97 0.83 1.09 1.05 0.66 0.54

2.3.2  V Fl Co W4T

MMS Fl LMS A[EF48 VA Co fifif 439 4 0.118—2.743 .0.012—1.071 g/m* 1 0.090—2.136,0.028—
0.516 g/m’, H{ij# V Al Co MM i 7EAE KBRS T4 . XF MMS Fl LMS AN [A) %843 43 e Lb i 58 & 30, i 2
AR T VB R E A A A T 52.97%—59.97% (MMS) Fil 49.62%—63.07% (LMS) ;2 KT
B RN ZE R AR —FH A LA WA T 23.19%—37.37% (MMS) F1 11.78%—49.01% ( LMS) , 1 2543

http ; //www.ecologica.cn



134 PP A5 BT ) (e e M A ) - SR GE VT Co AR RPN 2142 1k 7

Bt A3 504 T 18.08%—37.26% ( MMS ) 1 19.77%—59.68% (LMS) ; A K AR, Miv& W1 & V 1 = 324% 1%, Hy
B e 3 9 35 87.95% (MMS ) F189.94% (LMS) (£ 4) . F5Z AR, MMS 1 LMS A[E#ES 3 Co 3L S V 22
SRR, ARV, RS R T E Co 1Y FEZARPE, H A3 BE Lb 4373 3k 68.03% ,68.87% (MMS ) i1 57.87% |
60.48% (LMS) ; A K HE ], — 35 2511 Co 4L Fedwe iy , HAB 4390 4 T 37.56%—53.10% ( MMS) Fll 36.98% —
53.25% (LMS) s A K AR, & Co By FEAE I, HAS AL E Bl 2 9l F 37.56%—53.10% ( MMS) il 36.98%—
53.25%(LMS) .

F4 EKFEMAEZS VI Co MAELLL (%)

Table 4 Allocations of V and Co in different parts of plants in the growing season ( %)

i H Ttems 5—17 5—31 7T—12 8—9 8—31 9—20 10—19 11—15
v MMS R 30.04 34.11 29.36 37.37 23.19 15.99 18.15 9.83
16.99 5.92 37.26 18.08 35.11 8.16 28.54 1.09
L 52.97 59.97 7.23 8.32 11.40 8.92 14.95 1.13
LI 26.16 36.24 30.29 66.94 38.37 87.95
LMS R 24.81 35.49 35.39 49.01 11.78 9.08 13.35 7.44
25.57 1.45 31.27 19.77 57.68 11.76 51.16 1.61
L 49.62 63.07 7.40 10.34 17.25 35.54 6.51 1.01
LI 25.94 20.87 13.29 43.62 28.97 89.94
Co MMS R 21.82 7.10 7.06 3.53 3.79 2.71 6.40 1.14
10.15 57.87 40.69 48.39 38.63 29.98 24.65 23.16
L 68.03 35.03 37.92 37.71 42.63 52.78 53.10 37.56
LI 14.33 10.36 14.95 14.53 15.85 38.14
LMS R 15.88 6.13 28.44 4.64 4.82 4.04 7.79 0.90
15.25 60.48 32.40 50.11 39.30 28.91 22.18 24.54
L 68.87 33.38 26.43 37.59 41.03 48.29 53.25 36.98
LI 12.73 7.66 14.84 18.76 16.79 37.58

R, root;S, 2% stem; L, I leaf;LI,*E‘]g% litter

2.3.3 VAl Co Wy W B

MMS 25 MRG0 AF, (X AF ) ¥ 583K T LMS(AF, : P =0.003,P,, =0.001,P,, =0.016;AF ;P
=0.016,P,; =0.020,P;, =0.008) , M AR A AF, F LR MMS>LMS (P>0.05) ;AF ., F 3K MMS<LMS ( P>0.05)
(K 4), 540, MMS F LMS 4 25 MR AF, BI/NT AF., BT 558 IR G #19 0.31—1.32 0. 12—
5.56.0.08—1.23 ,0.38—0.65 13 ( MMS) F1 0.14—0.84 .0.23—0.68 .0.34—0.77 ,0.43—0.56 13 (LMS)

3 iTFig

31 BV AICo B E

AWFFEFRI ,MMS Fl LMS W3R 2 3 V A Co & EA K ZEMY3(E 5T 318 109.70 12,60 mg/kg F1 106.
31.13.68 mg/kg, AMUE T8 + 8T 5HE (73.5 mg/kg Fl 11.5 mg/kg) ") M HiA & T2k s hir i 1 5HE
(78 mg/kg Fl 12 mg/kg) ') Ui BHAE LA A Db SE R30S 15 5 (0 2] = A it X, SRR b A7 7 V R Co (9 63t
P TR PR AT B 32 B W T . — 2, WSS XA AR F PR XS5k, 9 AR A A R TR (8 R i
B2, MTEM AR AR K0 VI ATERR B S IR T s 48 | it LA S8 Ak A JRORE AT RE XTI
MR ZE T VI Co WS AR AL RPN , Ji AR R TR A SR A R et R b B i v LY
FERWADLV B8E VAGYRBRIE AR, fERIR T, B2 580 R B E Y SLE sk
V BERR Eh A5 5 B TR A RRAIG , VSR AURIAR . RASURLY) i) v 2RI oK B A il RS
VR, e Jo T 26 )22 s A1) B A A R T A (4 1 S eV 26 22 1Y Co Bt x4
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Fig.4 Accumulation factors (AFs) of V and Co in different parts of plants during the growing season

V, 4 vanadium; Co, %4 cobalt; MMS, i REGZE S. salsa in middle marsh; LMS X ¥ERHZE S. salsa in low marsh

5o Co TEMERLA I A5 40918 1—90 me/kg (¥4 4 mg/kg) F1 0.1 mg/kg['] , BRI 3 1 W R A
BB TR IR (TSP) UM BT L Co 1T B8 BLAARE P W AL i RV MR Co Ji 18 3 5% AR 43k L
AP A Co BeRe 3 e . U Bl ST Sk T A Ay A 2 J2 , BT T 5 K B VORI Co BTS Yy itk
N, AR K 3 3 AR 7 e e w4 ISR IR R, R MMS AT LMS R 2 +
HV 5 Co F YRR HIE 22 S8k (HIE IR B /K (P>0.05) o H T3 ] 11 i b 4 098 32 ok
V5 BT DA e R AT TR (R PR V0 DA RS 40 i R WE e VD B TR AR, T DA - 3R i R B 4 e - IR
A BELE J2 R T 0 V0 R0 Y 2 Y M - 4 1 B LR A R — B, B S R B D V 5 Co AR EETY
AR AE 22 AN, R WL, MMS F1 LMS 3@+ i V 5k Co FrEMF A T2 EY 54
R BRI IRAAE—E 25 (K 1), B i VA Co f A8 AR K B R 5L 45 K I 372 1k LA R A8 3R
TEAR IR 15 # 48P A V AT Co & S8R R IR I 5284k, MMS 1t + 38 rh vV Fl Co & iE7E 8 H iy
MBRRTH R T RE S 2L S 8 H iR B AL, W J i iR B A i) V I Co 1362 HHERRIHEA &, LMS
B R T A2 R AR S R ORI R B0 VI Co T RERR B B R, i S B R R R R S e B
254k,

ARBIFE KB, MMS {0352 - 1Eh VR Co AP & B8 T LMS, — B & , Kk & i i R e v
T Co MY A R AT . PR E8 DT &R 1 3. A ] S e A QImr s P AV I Co 5 1, A5 HE D R S0 SR RIS o+ 05
[ Co Fri /Tl 8.4 pe/g 9.3 pe/g f112.9 pe/g' o TEEMIHFMTIR LN, HHL V MIATES V 525k
RS AR W IEMIDEE R (P<0.05) 0 ) ARWFFE i, MMS 38 A Rt Ry s 25 e B0 AR T LMS (%
1), M VAl Co M-F & BNEL S T LMS, X 5 EA MR A RA—E, RF iS5 = #HHELZ 6T MMS 5
LMS Ji i H B BREE R 3R 0 22 5 56, T 26 [ 26 nl g R A WL & & pH RERER Ak 55, —stmi
& LA P e 0 R HEE VORI Co MY AR, B R IEMISE (P<0.05) . [N, BEE pH TR,
BETEYE VORI Co MY Frm B TR T MMS HHERY pH BEIKT LMS, Ifi A HLE & & 0 8 & T LMS (£
1), HILFECL T VAT Co M EEET LMS, B AR R, Fe Mn X} V Fl Co EA B AF AW B,
FHER VA Co & B SR S S B E IEH S, H A Fe Mo LGSR E TRV S EAREY
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M, 4 VRIS V 25 Fe R 2 R E B ARBFRIENE V M Co S aMFIE, R IE T Fe Ml
Mn 7, 45 W] S L E) A MMS 22)2 1389 Fe Mn P28 40 5 T LMS, i T8 3 v i
Fe Mn X} V H1 Co 2 H AT B AW BIHE | it S 2 MMS 183222 13300 V FI Co P SRS T IMS, 5
Ab FERREAN BR R R A BAL ST, VIR AR VI IRIE 5 3 T K BT RS RE TR 0 VO, 4B 1,
AV R4, FXRFEILRE I3 pH E A3 KT 3 3% | (E A/ IR JROR B sl K BB, R AT v a4 R
E MMS 5 LMS 35 pH (HAH2E AR K H Y8 T ok 18, {0 MMS &b Ttk A | AL & F, vV 5 5 4
LMS b F K RAIREE AR T V I E 4, ERIA SRR AR 22 5, 8 MMS K2 1 v 197
P B m T LMS, AR, L Co™ LU b S: & BAFETE , HAER IR A5 T W 2 B IR | T a4
FALIEE A Co™ R BE Z WOR O A RE Y . AIXTS MMS, LMS H T H5 252 203890 /5 FH RO 0, A 304k
HIAGRES A Co W Bl /K Mk , I A FEERIZ P Y Co Fr & MMS i,
3.2 VAl Co B ERS T

AWFEB, MMS Fl LMS AFEF S VA Co FamME AR A B E 27 (P<0.05), HEKRFRIH N
MMS>LMS,, J& AT REAE T, HHXT T MMS, LMS H1 T 288 52 B W17 S50 AR T s ) | AN (ST I 2k 43
e, T LA 52 2136 7K 5 35 2 R B 28 A i B e, i b S BRI AR BB /N ik R IEJEE ELG A R A G
WFFE AR A& B, MMS Fil LMS AR A BRACRREE ) ok i B R A R RO AR R i E b R 5 S B
W58 22 55 | INFBALZL 45 M 11 2 57 WA SR S5 RS MR ) 25 3 e RIS SRR ki S 3 3 AR ERE VI Co
FRE A FRHER 225 BFCIE R U], MMS F1 LMS 85Z 4 V 1 Co #9734 3 576 A4 K i A= Kok 9 i 48
PG AHARL, T AR A S 00 22 A SO AR AR Ak PR ] g 2 B 5 A K E AR I =, 28 % IR, MMS 12
P2 R B ER AR T A K BT AR HE VR Co WIS BAZ BB Bk A 6, S22,
LMS V2% 22 3K o S Rty FEaZ B 0 43 b8 v BEAN T MMS 58, BT VAT Co A9 MRl B AE T
FHXT AL . AR, MMS i LMS (9 V Al Co “F¥ & m e AE ORI 2 ks X FZ 5L REy a1+ &7
T MM TR K& V 1 Co 32406 5, BFSTIA ] MMS 1 LMS A[RIERZrH V Fl Co Y& B fiAE & 2%
5 BT F AR R IR P >R > > 28 (P<0.05) , 5 H RN EY) > > 25> (P<0.001) . JREER T
5 R A SRR U ST b A 5 A R 1 22 A QA0 I W g5V Fil Co 76 MMS Fl LMS ARl 5 H
PAERTIREZE 5 6, (EAFE RS2, MMS T LMS Hi#& P v Al Co & ¥t IRl B8 S5 A W 8 T
V I Co MRS TN B A 5, 7EA KA RIAE] , ZEFm-JE =35 V Al Co MY R BAK)E , AT e (£ 4) ,
{HLRIZE I VAT Co MEERERE I AR (3% 3) , R BOL A 25 HORIT R B 2 e & A0 T UM AR 1K
H T LMS [+ 08 0 & e, A A AR R e v Fil Co 747, RSB A T R AEAR TG &
AL ZERIHE Sy LMS db [ VR Co 1 22 SBER Y, FL RT3 5o AR R A G55 (4 W I e T i A T SRR T
A A, 52 AL, MMS {3 AR 7 B SR, AT AR & ) - g rh K Wl v AT Co #5247, Hr Utk
SEPIF TR PR S AR, RS IR R MMS #i E V F Co 19 35 BREE  H N Hb |- AE i
3 LMS 5 (MMS b AP LS (19 1.97—6.31 £5) 1 B Bssn i 2, i ik S B0R R oc £ & ek, it
Hh ,MMS A[FEFEST VT Co 5 f A S KAE I A H IR AE AR K IE T, T LMS S [51358 23 1) 5 A U+ B0 A A A HE
W, B RN 2 R 00 SR AT BB T AR AR R E SO D R, 28 R RE S MMS T LMS i 3R )2 + 1R b
TR )22 A e, BRI £, MMS A[ERS> V H Co MG TEA: KBS T LMS, JFUR 3255 MMS (1)
AP B S T LMS A O (MMS M b A= 9y 5 s T AE 9 & 43 518 LMS 1 1.97—6.31 Fil 2.46—6.91
(DR

H5EIRFR W], MMS Fl LMS A [FEE Y V 5 Co FRRE IAATER R 25 5%, Hi#% V Al Co 1Y R/S . R/L 1 S/L
R Z KT 1, J5H P A ocZ iHI R FLERR 2/ F 1, a0 MMS #5585 vV fl Co BYRE 15 LMS
S, X EEE LMS AR R AW MMS &8 B A BAH 6, 5350, MMS 25 it RIS J5 W1 1) AF, (5%
AF ) YRR T LMS, M E) AF, FKHN MMS>LMS  AF, 2 F 5 MMS<LMS ([ 4) , 368 LMS 25 H-Fiidh
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FEYIXE VB Co BYMEICRE JT IR , T MMS AR XS PR OT 2 A SCRE o . IRl BE 32 28 5 Aind 42 iy —
AR PA SRR BT AL A K ER SR A LA S VORI Co FEAN R S8 B AR S TN RE R 22 A G . WRSTARR W], Wt
FEDCT i 2R SR A VA Co & R AR L R E A b R SO SRE L, R VR IR R AR
A, A, b BRFEECG TS AR R, MMS AT LMS {83 2 AL TR VR Co T YRS (F 2)
AR, Bt 12 DX 11417 1 3k O SR 5685 KA i ORHE P A3 I, {23t 2= 300 VA Co (RRAJE V) 19 B SR TR
R e — 20 Mo, o S e IR A e B AR GEE A VR Co RTXARL ) A 17 A Y A R AR
AT, AT AR AN 2 R A A Wi AR L B 8 S BRI A5 S T IR AR R VORI Co 2 X Il
o AE B IR AN SE I, G e X PR BGE VR Co SRS I | SRAR LA B A Fof il o 4 7 5 B 85 3 1 A )
XHHCHFTE A B, IMS Al TR 2 V {5 Q4R 5 1) s e P

4 it

MMS (3% LMS) {580 v S & T Co & i, HAFAE V Al Co MR 4ELL /. MMS Al LMS 2 1
K2 IV i BRERE(L,,) REN T 1—=2, b TR B YOIRDL ; Co 1Y 1, KENT 0—1 Z[H) Ak T Tei5 %
BRI YRAS

V I Co & AE MMS AR[RFR S H R T AT P> AR > >25 (P<0.05) , T AE LMS 33 75 41 > 1
>ZESH(P<0.001) , LMS F125 M-FIASTEH%t V a8k Co B9 BEFRRE S H0m , 1 MMS HHR X6 79 T 2% 0 W i i
B, X5 A R A B S R T AR AR B K ER SR L K VORI Co ZERRI B B AR BB 22 R A XK,
LMS R T ARSZ V IG5 G IR B R ik P
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