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BT WEE S T 60°C FHET 720, RS
W HAFEE 2 200 HIRAT. FRREES 40 A0 BE L 7E
60°C THELTZEE, [T 52— R
FREL 0.1000g £ i B T4+ 19 Toflon TH fif fE 1,
BIA 1ml ¥ HNO; #1 3mIHF, % M4], T 150°C
HLHAHR [ 24h; FERESVR NS, JFEE, N
A 0.5mlIHCIO,, SRJGFE 120°C HL#AR ik
FEEME R PR RS, ERE IR
B, SR A 1ml ¥ HNOs A1 1ml & 4K,
M, T 120°C FEAR I 120 B A0)E, H
EAKERZE S0ml, SRJ5 H] ICP-AES & &
L&, M ICP-MS Il E M ILE .
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) F it B R AR A R AR SR L, A 29~
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39cm 4t TMAE 29cm VA E N 47em PATF, X 6
FhoC R AR AR RRE (% 8. Na,O TR
Hofi 5L E 6 MOotR IE4FAHR, E29~47cm
TREE B B B i = (X, OB Na,O %
JR 5 HAL TR AR . TiO, BYTE B 20 A B W
WA RS, B 39em LI FAREA K, T
7E 39cm DL EPEBRIZY, F/MEHIAE 27cm
b it H IR AR A, 39em DL _EUURY) H TiO,
i PE A E B BT 39em PAR

X & It E K& TOC g+ & =7 H
Ktk otr, HEEHRILE 1, ALO;. Fe,05, MgO
BT EEHA S, ALO;. Fe,O5. MgO
il CaO, K,0. MnO 2 [a] 777 i 2 A9 1EAH
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PR BE MR, IFHH WA
AP & i SR B RE . Ti & —FhiE
PEoo R, Hoa HEG TR B Y B A,
PR s A4 RAR AT fig 2 i TG 9 ALO; 5%
B L0 YE 2 B 1K A SE R
32 ®BEIwE

B T AR L TR 0 HY D R
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+ 6% (heavy rare earth elements, HREE) JZ &L
Fi 1 JC % (rare earth elements, REE) & & [t 3
A AR 3 i . HREE & i 38 B AR LA
K, REE W93 B 431 5 LREE 43 B 43 17 A —
, H7E 35~47cm FAAEARMEX, - HAE 39cm
AbA e/ IME - BN 18R B =R /NIY R
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Wy K S TR HEAR — 3, HAE Yb-Er 2B
AR, EREZENR/DNE LA, 2003; FRIE
#+,2010), LREE. HREE il REE Y F-44) & &
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(£ 2), 3 F A& T A UUR Y AR T i
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Fig.2 Vertical distributions of major elements in the sediment core HY 1
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F1 RRYEDS HY1 FEETRENY Z BEHE X M0=35)

Tab.1 Relationships among major elements in the sediment core HY1 (n=35)

AlLO; Ca0 Fe,0; MgO Na,O K,O TiO, MnO TOC Clay
ALO; 1
Ca0 0.859" 1
Fe,0; 0.954" 0.951" 1
MgO 0.952"" 0.942"" 0.994" 1
Na,0  -0.584" -0.811" -0.770"  -0.766" 1
K,0 0.921" 0.928" 0.941" 0.934"  —0.624" 1
TiO, 0.268 0.200 0.288 0.293 —0.249 0.293 1
MnO 0.871" 0.903" 0.914"™ 0.906"  -0.724™  0.827"  0.208 1
TOC 0.413 0.486" 0.532" 0.540”"  -0.470"  0.548"  0.134 0.246 1
Clay 0.6217 0.758™ 0.745" 0.725"  —0.737"  0.683  0.147  0.601"  0.596" 1

#RIRTE P<0.01 K[ i M (RUB K IR); *FnTE P<0.05 7K It 5 AH S CRURB K 5)

A& (mgke)
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Fig.3 Vertical distributions of LREE, HREE and REE
in the sediment core HY'1

WRMAITR 17535 . Zad b iUaE PR IEILRY
FHIE LKTE(L&/ Yb)nasc(La/Sm)nasc HI(Gd/Yb)nasc
Aoy R AR LAY o SRR A )
B9 0 S R IR R R () ) 0 e R T
AR HL TR A T EE R R S B 4
THE LR 2, HaE g i &l 4 7R .5Ce
FEME N 0.90, B B A USRS T SEu Y
FE{E N 0.60, Ti5EH W, 8Ce FI SEu HYTE
BN, A8 5 BB 1.1%M 1.5%. [
MR L, Ce 1 Bu O e RS S 5 T
[F B PURPIAR L, Ce By H HEE, {H Eu
(1 B EE AR /N . (La/Yb)nase FHIME N
1.23, WIRAT —ERENRESS S, H
S0 R T E IR . (La/Sm)nasc

k2 MBEYMETHYIHRIRTESERTESH

Tab.2 Statistics of REE and primary relevant parameters (BA7: mg/kg)
LN YLREE  YHREE YREE LIH SEu 3Ce  (La/Yb)uasc (La/Sm)xasc (Gd/Yb)yasc
EB/AME 13392 15.35 149.27 8.20 0.62 0.89 1.13 1.08 1.00
BKME 17118 20.42 191.59 8.95 0.68 0.91 1.32 1.15 1.16
FHME 15370 18.05 171.75 8.52 0.65 0.90 1.23 1.11 1.07
T i 2 8.63 1.22 9.80 0.19 0.01 0.01 0.05 0.02 0.04
e[ 132.80 15.24 148.04 8.71 0.60 0.97 1.39 1.10 1.83
WS Y 165.98 18.88 184.86 8.79 0.78 0.95 0.99 1.18 1.15

a BdEE A7l A5 (2003)F4GE; b ik ATRIEE (2010)RY4HE
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£ B shi R Z, 6B REE F1 HREE 40531
ARAEE A o R, BT AR ) R T VS U AR )
Y (La/Yb)nasc F(Gd/Yb)nasc ZEHITRA, I
X A B AE BT O TR ) s e Y TR
LA AT BB R T AN [ A 5 A7 i A 1 A2 Ak

Fii 1 JC 2 19 3 A1 L e A A T4 o
MIRIR, 5 DT B K IUAR 4 1 2 70 R
F#EYIH ., LREE, HREE & REE 501k
(1) H BT 2 A AR LT i SOk 2 TR Y
KRR IR 3, 455 WK, LREE, HREE X
REE #15 ALO; 2B EMIEMXKR, 5 Na,0
EREFEMAMELER, SH LS RBERFE
MIER X R, RAM £ o0FR B2 T4
WORLZS 8P b I H A2 20 AR T 52
TOC H 5 HREE fE P<0.05 /K [ 5 W3 FAH
%, T LREE #l REE JoAH 6, VB4 HLE
(A7 #E SN B 4 00 2 0 IR AE A — 8 2,
X ] RE AL HLEKA Y B A 5

x3 B ERINRERERINRERERLR. ANERENEXE
Tab.3 Relationships among LREE, HREE, REE and major elements, TOC and clay content

LREE HREE REE ALO; Na,O TiO, TOC Clay
LREE 1
HREE 0.956" 1

REE 0.999" 0.966" 1

AlLO; 0.915" 0.890" 0.917" 1

Na,O —0.544" —0.682" —0.564" -0.578" 1

TiO, 0.234 0.277 0.240 0.269 —0.246 1

TOC 0.288 0.364" 0.300 0.409" -0.472" 0.138 1

Clay 0.554™ 0.653" 0.570" 0.618" -0.739™ 0.150 0.596" 1

FHFRIRAE P<0.01 /KF b BEMCURAL); *FARTE P<0.05 /K B BEAC R L)

33 2R

O] R AR S b TR A HY 1 TR 4
J& () UL 40 Cd FI Pb 7R S R B R, P
PIE A 50K 0.26mg/kg F1 26.92mg/kg; Cu. Zn
FV B S B, FEIE 500 27.06mg/kg |
80.84mg/kg F1 80.32mg/kg; Cr. Ni 1 Co 255 %
BN, SERES A 79.45mg/kg . 34.92mg/kg
F1 14.25mg/kg . [FENEE R IZ VTR AH L,
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x4 HEAOFEBMTARYES HYI PESEHNESE

Tab.4 Contents of heavy metals in the sediment core of HY'1

4 )7 (mg/kg) Cr Cu Zn Ni cd Pb \Y% Co
e /ME (mg/kg) 57.81 16.85 53.63 24.51 0.13 17.13 36.74 9.70
K H (mg/kg) 99.59 33.87 140.73 40.85 0.45 39.27 95.34 16.10
F- 2 {H (mg/kg) 79.45 27.06 80.84 34.92 0.26 26.92 80.32 14.25
brifi 2 (mg/kg) 9.01 4.47 14.53 4.16 0.07 6.87 13.86 1.67
5 5 R A(%) 11.34 16.52 17.97 11.91 26.92 25.52 17.26 11.72
BTUR 23.50 21.90 36.80 — 0.16 15.00 — —
(mg/kg)
LR 83.66 35.32 97.27 39.99 0.30 30.60 100.93 15.55
(mg/kg)

a BUER R EHEEE(2007)BIHGEE; b sk AR (2010)AY4fE

RIZA — BB E); 29~47cm BRI 04
RMEIX, 4RSI /ME; 47em DR,
HEEJRSES 0~29cm BEA Y, AR/,
ERZEAARFRRENDE ). R YITHE,
29~47cm BL B AFEA R 1978~1989 4F, 1E4f4bF
BT 1 ACTE KT8 T 3 2 I A PR HE R B
(Wang et al., 2016), FE K& 9B vEHEFR
RRZ VR E & )8 o i b IR E X A
JEIH . Pb B 5 AL 5 Bl 4w wEg AT AT,
TE 29~47cm BUARE X 1975 55 47cm IR 22
b e NI T AR VS A S 1 T2 TR D
29cm R FHER, RIZTTRY AR Z T Pb
B & 858 34.1mg/kg A1 21.5mg/kg,
250043 k2 P ANUAT LLE o Bl A, 18
A DA 3 KA DR A BN DU B IR
Foll 1y A K e, R H) Pb & ENWT
T o Bl #E 0T 113 b TT R A7 3 A R () 12
— TR A B DR A Po LUK,
T3 — 7 T 38 2 ) 947 i A B30 R K AR R T
Y ER 2, WikE MR T Pb &= 20 Tt
17 CA 7E 45em LATR & 1B fLRIZL, TMAE 45cm
DI BE & ORIl A 28 i i # . Cd
MM LR TG R, T R AEER A,
45cm DATR B it (R 203 20 o] fig 5 AR T i
IKAAR B ™ R A WERB B . V 1
27cm I 39cm AbH P T M/IME, FEE I BGE

MR V. F s A REAL, BRik =z S iR AR
AR

RSN TEESRZBIMMAHIEKER 4
/R, B& Cd-V, Cd-Zn, Pb-V F1 Pb-Zn 4, H
T P Z B A AE 0 i 3 A GG &R .
M s TTLE H, Zn BT EHAR R /NI E,
HATE 65cm b A — AL & T 73 & i A R H,
I Zn 572240 ECh IZLH Cd A1 Pb 1A A G
KFR. Cd5 VERZW AR KZES, 1
Pb 5 V 7E 29cm LAY 4311 25 5 B e, R G AR
ANHAHEM, XU T Cd ERER
TR KBNS, M Pb £ L2095k
VR, DL R At 3 4 8 22 (R A B
125

42 @ 14 53 A 52 Z2 P R R 520 o W AR )
X LR 20 43 () E R i B B 2 AT SR
52, RAMIEQ2011) . F=AEEE QL) BM
TSV M rh & B T R A R B, A
Y@ E &R TR SULERY I E R
YA,  ELAR Y R AS [R] 5B AL 6 AR ) i o
FIEB M EA B2 R ORE S, 2011),
Fi 0 U 5 9 1 B S TR S SR 2 5 i TR
Y JCE B A S o A HLTON B4 R A AR AT
SR AV, AT LA I W B S8 B BE A 4 T
2R e 4 R 09 AR AT PR FIAE RS i 1h S5 b Bk
162447 (Yuan et al., 2012), #57A] 35 A= 12 b,
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Fig.5 Vertical distribution of heavy metals in the sediment core HY'1
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x5 BEEEZEMHEXXER
Tab.5 Relationships among heavy metals
Cr Cu Zn Ni Cd Pb \Y% Co
Cr 1
Cu 0.899" 1
Zn 0.541" 0.562" 1
Ni 0.907" 0.899™ 0.595" 1
cd 0.551" 0.610" 0.299 0.552" 1
Pb 0.685" 0.851™ 0.315 0.682" 0.577" 1
\Y 0.486" 0.473™ 0.448" 0.566" 0.201 0.201 1
Co 0.922" 0.898" 0.634" 0.936™ 0.488™" 0.653" 0.566" 1
#RIRTE P<0.01 7KL 8 25 AH K RUR A 55
110 - 36
34
100} o 1
30
90}
28
gﬂ sol gﬂ 2 |
£ 224
5 70 g 22
20 Py
6o0r  © 7=0.700, P<0.05 18 o) 1=0.901, P<0.01
(o]
% ) 16 , . ‘ ‘ .
02 03 04 0.5 0.6 0.7 0.2 0.3 0.4 0.5 0.6 0.7
TOC (%) TOC (%)
150 44
N
40
36
% 100 F ° %ﬂ
£ E 32
8 z.
28 o o
éb o 1=0.685, P<0.01 o 1=0.706, P<0.05
50 | o
24
0.2 0.3 0.4 0.5 0.6 0.7 0.2 0.3 0.4 0.5 0.6 0.7
TOC (%) TOC (%)
0.50 45 -
L o
0.45 ol
040}
351
035t
030} %Z 30l o
£ L £
£ 0.25 Z 2s)
© 020}
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Fig.7 Relationships between heavy metals and clay content in the sediment (outliers were removed by the biases)
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Abstract Distributions of major elements, rare earth elements (REE) and heavy metals in the sediment
core of the newly created wetlands of Yellow River Estuary were investigated and environmental
significances of metal elements were discussed. The results showed that most metal elements had similar
distribution patterns, which presented a low value zone at about 40 cm due to the numerous input of
sediment from Yellow River. Grain size composition and organic matter content had significant influence
on the distribution of metal elements. Specially, the distribution of Na,O was opposite to most other
elements, reflecting the tidal erosion of the wetland. The concentration order of single REE in the sediment
of Yellow River Estuary wetlands was consistent with the Yellow River sediment and Bohai sea sediment,
but the total REE content was higher than the Yellow River sediment and lower than the Bohai sediment,
indicating that the sediment in the Yellow River Estuary wetlands came from both Yellow River and Bohai
Sea. The variation of (La/Yb)yasc could reflect the change of material input. Besides, the heavy metals in
the sediment of Yellow River Estuary wetlands enriched significantly under the influence of high contents
of organic matter and clay particles.

Key words major elements; rare earth elements; heavy metals; sediment; newly created

wetlands of the Yellow River Estuary
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