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Assessment of heavy metal contamination in the soil-plant system of the Suaeda

salsa wetland in the Yellow River Estuary
WANG Yaoping, BAI Junhong™ , XIAO Rong, GAO Haifeng, HUANG Laibin, HUANG Chen

State Key Laboratory of Water Environment Simulation, School of Environment, Beijing Normal University, Beijing 100875, China

Abstract; The contamination levels of heavy metals (i.e., As, Cd, Cr, Cu, Pb, and Zn) and their transport and
accumulation in the soil-plant system were assessed for wetland surface soils of the Suaeda salsa wetland in the Yellow River
Estuary, and the influences of water depth and soil physico-chemical properties on heavy metal concentrations were also
investigated. Our results showed that both As and Cd contamination was more serious according to the guideline values of
various soil and sediment quality standards, whereas the soil in this region was slightly contaminated by other heavy metals.
The concentrations of Cd, Cr and Zn were higher in non-flooding wetland than those in flooding wetland, whereas the
concentrations of As, Cu and Pb were lower. Moreover, As concentration increased with increasing stand water depth in the
flooding wetland, while weak influences of stand water depth on other heavy metals were observed.

The relationships between metal concentrations and soil properties were identified using correlation analysis. Significant
positive correlations were observed among the concentrations of Cd, Cr and Zn, indicating these three metals might come
from similar sources. Moreover, these three metals were significantly positively correlated with soil salinity but negatively
correlated with soil pH values. This was probably because ions in sea water affected the concentrations of Cd, Cr, and Zn.
On the other hand, Pb and Cu were differently from these three metals, but similarly to each other. The concentration of Cu

was negatively correlated with soil salinity and positively pH, while Pb concentration was significantly correlated with that of
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organic matter.

Generally, these metals were not accumulated in the roots of Suaeda salsa, but its accumulation ability was still greater
compared to another wetland species ( Spartina alterniflora). Cu and Zn had the highest enrichment factors compared to
other metals. There was medium Cu and Zn accumulation in flooding wetland, and great Cu accumulation in non-flooding
wetland. The translocation factor indicated that Suaeda salsa had the strongest translocation ability for As and Cu. In
general , the aboveground parts of the plant had higher metal concentrations than underground parts. Flooding could
influence metal accumulation in plant organs, and it greatly decreased the enrichment factor of Cu and the translocation

factor of Cr, whereas greatly increased the translocation factor of As.

Key Words: wetland soil ; plants; flooding; non-flooding; heavy metal; Yellow River Estuary
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YIREVEA 17 2B ( Phragmites australis ) . £ MiH8%3%E ( Suaeda salsa) 3K ( Triarrhena sacchariflora ) FFECR AN E ¥
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1-1(F) 1-2(8) 1-3(adi ) ; #EH 2 FEALFE 2- 1 (K 1—2 em) 2-2(#/K 5—6 cm) F12-3 (K 8—9
em) o TEREHIAE 0—10 em A1 10—20 cm P EYCRAE LHERERD , B 12 RAE 3 A EEREAIFR G A —
AMBAFE, RIS TD R AR - S3RE 5 H T- 00 + 825 S RN 57K B 5 BT A T AJRE i B S 00 25 5 0 BR i ik
AT 2—3 8, SRR R A B RS 1 0. 149 mm 1 REFR A 6 T L B R AR 1 ERE 5l i [R) 2 R 4
Eh MR R I RE 3 A, RS o0 L E ORI R AR, £ 105 CHEAR N AR 30 0Bl E EAE 60 CHRE T
PE e AR AR 5

LR 1 SR 76 2R DU 9 £ 0 E N 42 HCI0,-HNO,-HF 5 i 1 % 22 25 )5 ok s F W lie (76 1, DY -
ULTMA ) #4715 total phosphorous (TP) ,As Cd . Cu.Cr .Pb 1 Zn & & ; 13 pH (AL 4343 5% H pH 111
HL RN (F:7K =1 :5) 5 TIES/KETE 105 CHERT N RE 24 7Nk 2 1 8 5 - 39 A 9 o 6 35 1 R ) o i
7€ 3 BA, (Total nitrogen, TN) % H ik & H B HTAL ; 3 ML (Soil organic matter, SOM) i AR BR AP IS
LT S AR R 1

R1 M HEERELER

Table 1 Physico-chemical properties of soil in the experiment

o TKFE A fLEREE H i oy AP
Sampling plot Water content  Bulk density Porosity Irjl | Salt content SOM
mplin, Ve >
ampiing plo /% /(g/em®) /% P vatue /%o /(g/kg)
A 7K [X. Non-flooding area 26.39 1.83 30.94 8.10 3.07 5.73
#57K X Flooding area 31.27 1.77 33.21 8.76 0.62 6.52

1.3 Bdugeit 500

T Pearson AH3¢ REOCK 40 AT - HERLAS BEALM: 5 2 500 R] (9 4H 5Pk 5 32 FH BRI R ANOVA 40 M AS [R) A
AN+ 2 I AR B S0 R E M R AR A SPSS12. 0 Fl Excel 2010 X s A T8 R AL B 43 Hr
2K,
2 HR5FR
2.1 B R e N M R AR TS PR

&2 FU T BT 1 AR M B T M A DX PN TR 4 B R (TS [R] b X 4 TR R R A
. M2 A0, JEv K XIRH 3 Cr( P<0.05) Fl Zn( P<0.01) & 53 5 T W KIB s 3 Cu & 20 5
FRTFHRAEH E3E(P<0.01) s M FEX RIHEE SR S EZE R AL E (P>0.05)

R ) % - S o i b v | BT 1 A 7 K DX ol T - SR O R As RN Cd B 2 A = A v 14 40 )
i 83% 1 67% ,1fi Cu Cr,Pb Al Zn &I T B K LI — P, BT = bnifE , RUIHETR
JKIEH I As Tl Cd 15 Y48 iR ZF] Cu Cr.Pb Fl Zn V54% ;35X 5 Bai £ 2 BIFST 8] = £f U 0 1 10 1 438
LRV B TR — 8, RPK XWRHIT 5, SRR 1Y As b i s B R R R = i,
HE Cd ST E R T T PR E IR T = RbRiE, Cu S AR A T AR 4 3 i — U R
WEARAIR T b5, 17 Cr Pb  Zn FEAFKRCT B K TR —Jbn e, R K X0 b + 38 As AT Cd 15 4438
SHZE, Cu YRZ, 1M Cr . Pb F1 Zn 5K 5375 44K,

FET 22 RGN TT AR YRR A , W K AR W K XA Y 509% LA b i - 33ERE Sl T As 9 E RO K, T
Cd ,Cr,Cu 37 3 S I A0 7K SR A b 7™ B W K, Zn WA R 3o B IR ARONE K . %FF P i &, JEHE K X
ST A w7 N B O 105 A o 1 R RS e o SO 11 <2 B 5 I N | S 3 Yl 5 § VA 8
o X B A 11 R M G N T As 5 94™ H L Pb (Cd . Cr A Cu L2 I — & FRBEAYI5 B4 T Zn 751 )R
RBG YK AR NS KU R bR, AR K IR 7K X IR 34 509% LA 3ERE S T As 101
(AN KO EE GBI As & T T T RERON KV, K FNEEHE /K X3l 1= 4% Cd  Cr Cu A1 Pb {5
BIA T BERON K5 AT RERN K- 2Z 1] T Zn 5 F8 WA T BUERON K o AR B ds TR o3 28R o, s
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IR K DI 8 As 5 5 A0 T4k 2 ) S ATk B R0 A2 ) o v v B2 (22 TR S v Tk 2 40 o v W
{8, BRAR MK X IR 67 % 1 3RS Cr & 0 fb 22 W ARk BE (B A, W 5% DIl 4= S BT A A i Y Cd
Cu.Pb 1 Zn &t ¥R M FRIIZ X 1 832 2] — @ FEEE Y As 1544, HAR MK DX b tH 30— E R L Cr
SR, I 5N X B TORR ) BT s AR TR AT e IR, AR WK DX b - O 208 32 Y As T LR
—ERREN) Cd FI Cr 75 5%; HE /K X1 38 As FIl Cd J5 5™ 8 JF S H—EFEEEAY Cu Al Pb i53%,

*2 ENELERIESIREMELE

Table 2 Measured contents of heavy metals and soil/sediment quality guidelines in different regions

As Cd Cr Cu Pb Zn

T 3+ IESE (me/kg) Ak X
Measured heavy metal contents in
wetland soils of the Yellow

oo 34.09+8.00 1.06£0.19  85.65+13.43 " 24.00+4.34 ™" 27.746.76  87.63+16.18""
Non-flooding wetland

River Estuary KX Flooding wetland 36.42+14.12  0.88+0.04  67.94+3.38* 37.43+2.33"* 33.75:1.85 29.99+2.60 **
ry g

E R TR PRIE (mg/kg) —%% First class 15 0.2 90 35 35 100
Chinese environmental 4 Second class 20 0.6 350 100 350 300
quality standard for soils =2 Third class 30 1 400 400 500 500
WS R e (13 B
itjti[llﬁf‘i’iﬂuﬁ/\%ﬁ{ﬁ /Fmg/kg) AR K 6 0.6 o6 6 3 120
Ontario sediment quality Guidelines Low effect level
JERAGACE 3 10 110 110 250 820
Serious effect level
37 F e[ 14] 5 50 7 7k SE
?[l%j(mi\%ﬁ;ﬁ& /(mg/kg)  BIERNIAKT - 0.7 5.3 18.7 s 0 124
Sediment quality guidelines of Canada Threshold effect level
A K T
TREALIACE 41.6 4.2 160 108 12 271
Potential effect level
S T\ K Y DL FE A e i
fw%-UUF:\ .J}?@)rfﬁ{’ﬁf(mg/kg) e AR B f " s % 6 7s 200
Interim Sediment Quality 1SQV-low
v Br s B
Values (ISQV) of Hongkong 1{;&%&%@#{2&{5 0 4 160 10 110 270
1SQV-high

# MEMER(P <0.05); ++ WBEELER(P <0.01)

2.2 WETKRIERE MK DX AN [ RR K TR B T 4 I 5 i 1) 5 T

BT S 7 BT 1A 7K R W 7K DX 3 b ke Y8 b, - 198 7 4 I 2t Bl BRUK R BE A AR AR AR AIE . FE R MEK IX.
MRHL T BR As S BRI 1-2 F0 1-3 B9 I E SR S TRCT AR 1-1, RIUNZIX BUK AT g S 3 i 4
JRTE T IERIZRAEME ) ZIX 14 As .Cd Al Cr FTEERZ(0—10 em) <FFRJZ(10—20 cm) , i £3% Cu . Pb
Al Zn HENELRZSWRZME AKX 5 As 5 B REFRUK GBI 52 T ks, HFe 2-1 %
JZEHE As FERALT W RZ 3, mBUKA BRI 2-2 A 2-3 RELE A SEETIERZLE, HE
3 MAEHIIE A4S )Z ] Cd  Cr Pb Zn Cu & i AR K, R IR As Ab, W5 AR KGR B i dth 398 o 4 )
TR,

ML AE WK S5 1 T IR A FUR A , R 25 £ )8 5 T8 U AL Wi ve , 1% sh P/, NI R 25 5 e R )2 B,
B2 As IRAT N S HEE SRR, ASTERBLTTTE , IF HAE R SR T, 8 o] B9 A= Wi sh % 4k
AsH, HEARA R CBUK BRI 4 59 As &K, A, K DX I b 4= 48 pH 425 (8. 76, i Tk
HEIK X 8.10) 1 pH {E T 8 B4 @ G AL P iise ByAS e PRV , DRI S A J ml 7 14 S i 55 '), I L 7K
BXC 1) AR A3 B R v 2 PR SRyl 0 T A AR Ak, A4t B K B3 SR 2 E ) L A, Hl T K X A2 300 47 i
IR R 7K 2 Z TR IR SR R EBBUK R EE R 8.3

WA XK X kb 1 S 8 S Ar e 22 5 (3R 2,8 1), AT RE 5 i Hb i ACIR L 2 UIAR G, Horpr ) As
TR AR K, Z W K MR K R AN B3 WK X B 38 Cr, Cd M Zn & &2 B 35K F
AR K X IR ( P<0.05)  (HARFE K X3 H 3 A Cu Ph S EHAK, HEAJE LI SEKPR C BT iE
gAY RS E AR MBI T A Ca Mg %58 Tt 2 5 5 48 55 4 W B8 S 8umm
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GIRBETHERE, IR R (S R shish v] G2 S 808 K X2 1+ 3% Cd Cr 1 Zn & AR IR,

V7K 4 1T AR IURR ) P RS 0 s AL B O A, SO AR B RIR ER AL A A
VUVEVEFIHEA IS AR, Pb Cu 5 Cd \Zn H LG ELA SESR A LTI 45 A 80 20 [l & pH
B, AR R R A, WA R TEIRS & RE T4 A, AU, JEm K X+ 3 pH (H
FAG ML 500 8. 10 F15.73 o/kg, BHE T WK X {EHE (8. 76 F16.52 g/kg) (F 1), HItk, 8w 094 HLT A
pH (B T g FEGE /K X IR 3 f Ph Cu & bl iR
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1E)

Fig.1 Profile distribution of heavy metals in the Suaeda salsa wetland in the non-flooding area (1-1,1-2,1-3) and flooding area (2-1,2-2,

2-3) in the Yellow River Estuary

2.3 HW AR RE IR I AR A S R M R 2 I OC R

FH 2R 3 AT, Eh b felis% 0 1= 398 58 4 A pH (i S22 TR DG (P<0. 01) , T TN 1 SOM 52 4% 5k 35 1E AH OC
(P<0.01) , X5 TRKHAE" R 4518 — 30, Cr.Cd F1 Zn 5 H 22 ) BAT A 8 35 O AR G 56 58 (P<0.01) , Ui B
= HRIEFNLE T3 AT AR Cr,Cd A Zn SRS PR SR E WM B E ML LR
(P<0.01) 15 T3 pH H 2 B E AL LR (P<0.01) . X F8 20 TAEM K K R R 8RR
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d RS O R T K X 38, HRR ) T AR 1S s 7RV /K X 32 WK% B2, iX 3 FhEE 4 s &)
TER Cl-25 & & AT, (HR Lores 26 & BUER BERS N2 B F REARDIB A HLIT Cd Cr Al Zn AWK
MRETT . X ATRE S KA G, i e pH (ERE AT B85 308 J8 12 B 1 AR, o T 8 ol T 58 Bl 1k 45 14 1 T2 i
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B As Fb, A BB S HA 48 4 2 EAH G OC R EALS Ph ARG IR B 18 2 MK F- (P<0.01) , K B]iZ
AP 4R A B2 As 5 SOM 230 H 55 9 AR S il BB tH T As FEIERR M AR, -
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JEC RS, T 2 W B EAS  b Cu 53 pH (HR BFMIEMHIEICR (P<0.05) i X & T Cu 7E55 6 1
FHEEAM A S BT, B ERE pH (T8>, Pb Al Cu Z A B A7 B M IEM LXK R (P<
0.05) , M =3 Z [ B A IR AR IR AAH LA A2 A7 R, JEHOE 38 SA HLBT AR OS2 0] 8 & T oAt
EEE,

3.4 FhHbmHE ML+ TR 4R 00 E RS
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HE K DXFNAR A K DX R b 72 ) B 455 19 ' 48 R AR A 2R 80 BIF 945 R 10 DXk 1 s 32 % 485 J& 1) BCF
5 TF R T 5 2 95 55 100 A0 3 ) = 0 102 Vi 00 3l 5k W 5% 10 5 48 R BORN 56 7% 22 5, TR IS 55 2k e
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Fig.2 The biologicla concentration factor and translocation factor of Suaeda salsa to six heavy metals in non-flooding and flooding areas

BRAE K X IR ) Cr, Cu A /K X IR Zn A, S5 DX 3 M B2 ) o 42 T 1) s 3 R A8/ 1, Ul
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R4 BCF (R/INAT LA | /KRR 7K DR M Bdaze X Cu HAA WY S i) AR AR, HL AR W 7K IX 46 i i iz
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M58 Zn SRR A (LSRR IR Y 3 A5 3R 1) RIS Zn WS R RE 12 B L Zn
R
3F¥@7J<I_i'*ﬂﬂﬁ}ji%ﬁ Cu,Cr Fl Pb AR ZBORT 2, X As, Cd 1 Zn (R R EUNT 1, RIHZIX ER

HiBg3%E X Cu Cr F1 Ph 156 % B8 J1 550 , BENS 76 A8 Wy b 3843 A& A8 BRI 1T fe 18 i 5% % W i 8 =CUH i +
BN WK X E b AEE X As A Cu BOFERS R B, Wk HAD 5 4 A 55 RS R B/, I X b hidi 2 X
As Fil Cu HABGRIFERRE ST 5 AR K X ER HL G XT Cr A1 Pb B4 HE J1 B0 (P<0.05) BX] As BY5%47%

AEJ1ELE5 (P<0.01) . HJFFAE A & 48 RS e 1 SR e (B & Jm SRR EE 45 A ¢ A7 oAl
WITE iR FUIG pH 250 T X 5 48 R RS RE S L 5K X A L, 3R 8 K DX 1 4 e 2k 4342
1 38 pH BT BEA A T X A 4 S M ER MR R A ) L B R . S 0 — FMB MR ) B K R
( Spartina alterniflora) #H e | £ HLHFEZEXT Pb Cr Cu F1 Zn e RERE R B

®3 HAOHMEERSTREEECREMTERENBX ST

Table 3 Pearson coefficient matrix among heavy metals and selected soil properties of Suaeda salsa wetland in the Yellow River Estuary

FKFE BE pH & sy AL EX
Water content Bulk density pH value Salt content SOM TP
7K Z Water content 1
X Bulk density 0.173 1
pH {& pH value 0.632" -0.210 1
£R4> Salt content -0.619* 0.194 -0.891** 1
AL SOM 0.296 0.062 0. 164 -0. 182 1
4 TP -0.053 -0.233 0.067 0.105 -0.100 1
4% TN 0.470 0.047 0.454 -0.498 0.915"" -0.097
As -0.082 0.104 -0.155 0.102 -0.237 0.320
Cd -0.405 -0.074 -0.589* 0.733** 0.160 0.064
Cr -0.452 0.053 -0.786 " 0.8501 ** 0.061 0.169
Cu 0.352 -0.362 0.692" -0.594 0.453 0.467
Pb 0.274 -0.320 0.480 -0.312 0.729 ** 0.170
Zn -0.419 0.137 -0.795** 0.827*" 0.056 -0.260
A TN As Cd Cr Cu Ph Zn
K # Water content
ZXH Bulk density
pH {H pH value
43 Salt content
AL SOM
L% TP
2A TN 1
As -0.127 1
cd -0.189 -0.079 1
Cr -0.282 0.002 0.905 ** 1
Cu 0.610" 0.151 -0.228 -0.411 1
Pb 0.720** -0.169 0.197 -0.081 0.809 * 1
Zn -0.390 -0. 108 0.807 ** 0.864 " -0.719 ** -0.306 1

BEMIE(P <0.05); % « R PBEME(P <0.01); n=12

3 &
BECT] 1 b B3 1+ P G R A YRR B AR P As S FEG R, Cd | Cr, Cu HIRE TG L),
Pb Fl Zn KiEH)T5 4K, «f@ﬂ(l:%nﬂl%%@zkl:mi&ﬂ@ﬂﬁbkx%%ﬁﬁiaﬁn#ﬁ%qﬂi@%‘ﬁiﬁ~mﬂ’w
M, TSR R IR /K XA & /K XIR b , As BIAT A0 222K IR RE ), K DRI N 530 As & TR, XTI
BHEAJR(Cd Cr.Ca Pb M Zn) M5 , FEAEH KX HIEPUKSREE S B TIERIZHE | MR K X KE
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Mel, E 7K X B KT Cu Fl Zn B ARG Y B A2 RE 7, AR M /K X 3 ez HXT Cu HA Fom i s 2 g
J1 5 AR WK X EE M GE X Cu  Cr A1 Ph BYFEFERE J1 00 , 1 /K X R HbBd3E X As FIl Cu HA BRI FE 4 1E
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