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Geochemical characteristics of rare earth elements in Lake Chaohu, East China
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Abstract: The dissolved rare earth elements (REEs) in the aquatic environment of Lake Chaohu were determined by
inductively coupled plasma mass spectrometry (ICP-MS) after solvent extraction and back-extraction. The results
show that the concentrations of dissolved REEs in Lake Chaohu are similar to those in freshwater of the world.
Furthermore, these concentrations of dissolved REEs during high-water period are clearly higher than those during
low-water season. The concentrations of dissolved REEs are mainly conirolled by pH and the concentration of
suspended and colloidal particles. The dissolved REEs in most lake waters show flat NASC-normalized REE
patterns, but a few samples showing heavy REE enrichment relative to NASC. The values of (La/Yb)x in high-
water period and low-water season increase from west to east, and they in high-water period are larger than those in
low-water season. These phenomena might be mainly resulied from colloidal particles and hydrophytes in the
eutrophication lake.
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WE, PERMP RKADERAZRABYE, b
FHAEBOEFEAY Feu Mn S50 L IR,
+, 2R KAUT L. W BEHERL R
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A W Y 769. 55 km®, HLILAET B KA
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Fig. 1 Sampling locations in Lake Chachu
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Table 1 Concentrations (ng/L) of dissolved rare earth elements in Lake Chaohu
BH  La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu XREE 5Ce
C1-10 14.9 32.7 3.53 13.9 3.29 0.70 2.53 0.41 222 0.50 1.61 0.26 1.45 0.33 78.3 0.98
C2-10 8.18 16.1 1.81 7.63 1.48 0.29 1.49 0.23 1.42 0.35 1.21 0.17 1.23 0.24 41.8 0.91
C3-10 21.0 43.3 4.96 18.2 3.43 0.8 2.96 0.60 3.33 0.69 202 0.31 1.8 0.31 104 0.92
C4-10 7.29 14.8 1.64 6.77 1.44 0.33 1.60 0.23 1.40 0.35 1.11 0.17 1.10 0.23 38.4 0.93
Cl-1 818 19.8 1.59 7.90 1.54 0.38 1.94 0.49 3.34 0.78 2.42 0.48 2,36 0.49 517 119
C2-1 19.4 43.6 4.42 14.8 3.42 0.78 2.74 0.51 261 0.64 208 0.33 1.8 030 97.4 102
C3-1 19.8 40.4 4.61 17.4 3.41 0.76 2.78 0.49 251 0.61 1.92 0.30 1.72 0.29 97.1 0.82
C4-1 19.5 45.8 4.84 16.5 3.8 0.87 2.76 0.46 2.72 0.62 1.99 0.32 1.64 0.28 102 1.03
Cl-7 28.5 65.3 6.55 28.8 557 .1.28 5.12 0.81 4.92 1.06 3.44 0.49 3,08 0.47 155 1.04
C2-7 38.7 83.0 8.46 367 674 132 6.19 1.03 634 1.28 408 0.55 3.53 0.5 199 1.00
€37 24.3 57.8 5.83 21.3 4.05 0.82 3.62 0.54 3.34 0.80 2.8 0.37 230 0.39 128 1.06
C47 310 75.9 7.68 281 4.80 1.08 4.97 0.84 505 0.94 3.25 0.45 2.8 0.46 167 1.07
EHME 20.1 44.9 4.66 18.2 3.59 0.79 3.23 0.55 3.27 0.72 233 0.35 2.07 0.37 105 1.00
AREH 0.48 0.50 0.45 0.51 0.45 0.43 0.46 0.43 0.46 0.39 0.39 0.35 0.36 0.31
EFERAA AT I (1) BB LB 0
BN T 38.4~199 ng/L Z 8, St R %KM e —&—C210 ——Ci-1 —e—C41 —%—C37
g6, (2) EPFEAPMRRERLARVE X A mma AT e
ERT VPR KENERSK LI TESR, + Bl
KL TEN T & RN 163 ng/L, HiKBRF T
KB+ B398 8K 76 ng/Lo(3) A\ REE 5 R S
BRBHEANWR L TR A LB EEERR, & ¥
WSS R £ U AR L IR BB NB o e NS m Qo Dy A et

2.2 WINENTERELSHER

FRJEER A (NASC) B F-HEX LR
ThruEdh , SR ILE 2, HPBER AR LKA
UPHEB” R E, PPRER L EER, (La/Yb)n
fHFE¥K 0.91, KAEAHRWHEEE0.90~1.15
Z I, C2-10,C4-10,C1-1 =R (La/Yb) v 1
4391204 0.65.0.64 F10.34, BTERLEEM, +
BRI BHCO; WEBEERE, KikH
HIRBRE TR L R A RBNES/ER, Bt
BATEK R R R R Y THBRBRE [REE(COs);
REECO: 1B R4S X B AN E S
B La B Lu ZBEFHA -9 HILERK - 58% -
HEBEAESERXLESYHAETER Y, Nk
BEREHRLNERLESE. FARBRAMEKBHE
BAERLEWBESRBATREMAEE. NC1
HEB C4 5, (La/Yb)n HEFBHET, It HAK
BIM (La/Yb)n R T EKBM (La/Yb)x H, FIBT,
MF 1 TTAE MRS L 6Ce HMRILTEE N

B2 SEMEEHSEL RIS RS R
Fig. 2 NASC-normalized REE patterns of dissolved REEs
in Lake Chaohu
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Fig. 3 Correlation between concentrations of dissolved REEs and pH
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B 4 B W, H B SR 0 & B (G 08
A4 FH K o BT R4 i B B AR /Mt (€ < 0. 04
mg/L), BHBAR LN SRAPRY N SR E RN
KK F; Yk BN (0. 04 mg/L < € <0.08 mg/
L), EMREMEXR; HHRYERXT 0.08 mg/L
B, WA L& R EEE PR Y m R RAR
ANEZEAL, XU B ORI B R AR B K i
FERER LN AR AR RSN TE, XF
BT A Langmuir WM E R, BRESH LB
BEYIBEE BB 3 b, (HBEE PR &
B, SR B RAT LE BR R
/N, BRIRBURL Y 2 B B pH H R A,

BT pH IEFIBURI Y 5h, 4B AR & B X%

R LM EREWBIEER, BREFRKERE
RSy B, R YU R 0. 22 wm B 0. 45 pm, A
AR MR BSYERT “ERRS” (AhET
AW L, BHRATHIKLES) WL, EEIRA
MBESH L, X—WrEFEKEPSERE
ZRI Mo BBREE— R ARG SEHER
AL DX, AR 22 MR R R K PR Bk iR A L
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KEBEHRSHLIBEMNEERRZ—

250

200 |- O

TREE (ng/L)
o

100

T
o

OO

o

50 - o

0 { |
0 0.05 0.10 0.15
samee (g/l)
B4 BEERSTNYSRMEXXRE

Fig. 4 Correlation between concentrations of dissolved REEs

and those of suspended particles

3.2 BinENSHSE

3.2.1 BkREP
B 2 P R T A, SR E S RERE
AR LMD AERS NASC H R A, REE
M TUE R 8 PP B, (La/Ybv~1, MEH
P2 M BR AL 2 E R % 18, Kb i E 5 XALFE
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“ABEMATHR L SR, F Laf Yb 26, KX (1)
HE 2B .
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S P AR R YRS 18 .

(Kiorwn)w = a Kty + (1 - a)KiSw, (3)

Bk R AR A R A AR UTAT, Kidw=1;
BEEBA PKE =0.05, XEEBBEHLPRES
B Yb S ERUT DA ok, HABR - onE BB ik
SEHEEHTLLES XA T RANELRR B2,
HEAN, SIKEPHABBRESN YD 5 EBR7
A1 33% ~80% , T La W &5 91% ~99% o B T B4k
R TR LRI EOITAT, H Bk 4k
BRAESH & EWE, Hom i rm-sl,
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EKFo
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BT, BRI A 7K A= A Y 4 R CAE R VT B
RERXFHARN FERA,

BT BAFRARLEFLHEREHRR
EHRANAEBPLTHECRE; AHARTH
HEROREELSPEHFRTRALSRAHTE
SR AT T REGH S,

5% 30k (References) :

[1] Elderfield H, Greaves M J. The rare earth elements in seawater
[J]. Nature, 1982, 296(5854): 214 ~219,

[2] Elderfield H, Upstill-Goddard R, Sholkovitz E R. The rare earth
elements in rivers, estuaries, and coastal seas and their signifi-
cance to the composition of ocean waters [J]. Geochim Cosmochim
Acta, 1990, 54(4): 971 -991.

[3] Sholkovitz E R. The aquatic chemistry of rare earth elements in
rivers and estuaries{J]. Aquat Geochem, 1995, 1(1): 1 -34.

[4] Goldstein S J, Jacobsen S B. Rare earth elements in river waters
{J]1. Earth Planet Sci Lett, 1988, 89(1): 35 -47.

[5] Zhang Jing, Liu Cong-Qiang. Major and rare earth elemenis in
rainwaters from Japan and East China Sea: Natural and anthro-
pogenic sources[J]. Chem Geol, 2004, 209(3/4): 315 -326.

(61 EZR4e, ZHE, MRE, TFH. BETREBKTHED
ERGTRAAHFELEZBHTI]. kL, 1981, 10
(4): 398 -406.

ZHU Zhao-zhou et al. : Geochemical characteristics of rare earth elements in Lake Chaohu


http://www.cqvip.com

644

Wikaes

£ 000 http://www.cqvip.com|

2006 £

[7]

{8]

[9]

[10]

[11]

[12]}

[13]

[14]

f15]

[16]

Huang Shun-hua, Zhang Zhong-mei, He Song-yu, Wang Zhong-
gang. Experimental studies on transportable forms and precipita-
tion conditions for REE in sea water[J] . Geochimica, 1981, 10
{4): 398 - 406 (in Chinese with English abstract).

RE%, ER4g, XH, BRE. JREBODHRIERKSR
R T RBHH LRI mRALE, 2003, 32(4):
335 -342.

Wu Mei-xian, Li Xian-hua, Liu Ying, Wei Ke-qin. Rare earth
elements in groundwaters from Fogang graniteid weathering crust of
Baisha, Yingde, Guangdong Province, China[J] . Geochimica,
2003, 32(4): 335 - 342 (in Chinese with English abstract).
B, ENE, WELE, TR, T8, @K, EEWKE
HEZPHRLORNEREAIAER [J]. PEHBLER,
2005, 23(1): 68 -74.

Liang Tao, Wang Li-jun, Zhang Zhao-sheng, Ding Li-qiang, Ding
Shi-ming, Yan Xin. Contents and their distribution pattern of rare
earth elements in water and sediment of intertidalite[J]. J Chinese
Rare Earth Soc, 2005, 23(1): 68 -74 (in Chinese with English
absiract).

HANE . LMK EEESHE [J1. KERRES, 1998 (1):
24 - 28.

Han Xiao-yong. Research of water qulity in Lake Chaohu[J].
Water Resour Protect, 1998 (1): 24 —28 (in Chinese with Eng-
lish abstract).

EHR, KeH, L8 . LWREMKS N, P44 RRE
SrAel]. LB KRR, 1999, 5(2): 35-38.
Yan Wu-jiu, Zhang Jian-chun, Ji Min. Characteristics of N, P
formation in main rivers of Chaohu Lake valley [J]. J Soil Erosion
Soil Water Conservat, 1999, 5(2): 35-38 (in Chinese with
English abstract).

ERR, £, PENAEIM]. Jt5. BEB R, 1998:
230--23S.

Wang Su-min, Dou Hong-shen. Records of Lakes in China[M].
Beijing: Science Press, 1998: 230 - 235 (in Chinese).

Shabani M B, Akagi T, Shimizu H, Masuda A. Determination of
trace lanthanides and yitrium in seawater by inductively coupled
plasma mass spectroscopy after preconcentration with solvent ex-
traction and back-extraction[J]. Anal Chem, 1990, 62(24):
2709 -2 714.

Dia A, Gruau G, Olivie-Lauquet G, Riou G, Molenat J, Curmi P.
The distribution of rare earth elements in groundwaters: Assessing
the role of source-rock composition, redox changes and colloidal
particles[J]. Geochim Cosmochim Acta, 2000, 64(24): 4 131 -
4 151.

De Carlo E H, Green W J. Rare earth elements in the water col-
umn of Lake Vanda, McMurdo dry valleys, Antarctica[J] .
Geochim Cosmochim Acta, 2002, 66(8): 1323 -1 333.

Dupre B, Gaillardet J, Rousseau D, Allegre C J. Major and trace
elements of river-borne material: The Congo Basin[J]. Geochim
Cosmochim Acta, 1996, 60(8): 1 301 —1 321.

Johannesson K H, Lyons W B, Bird D A. Rare earth element

concentrations and speciation in alkaline lakes from the Western

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

(271

[28]

U. S. A. [J]. Geophys Res Lett, 1994, 21(9): 773 -776.

Zhu Zhaozhou, Liu Conggiang, Wang Zhongliang, Li Jun, Zhou
Zhihua. Inorganic speciation of rare earth elements in Chaohu Lake
and Longganhu Lake, east China[J] . J Rare Earth, 2005, 23
(6): 768 -772.

Luo Yu-ran, Byme R H. Carbonate complexation of yttrium and
the rare earth elements in natural waters[J]. Geochim Cosmochim
Acta, 2004, 68(4): 691 —699.

Wood S A. The aqueous geochemistry of the rare-earth elements
and ytrium: 1. Review of available low-temperature data for
inorganic complexes and the inorganic REE speciation of natural
waters[J]. Chem Geol, 1990, 82(1/2): 159 —186.

Wang Zhongliang, Liu Conggiang: Two stage correlation between
pH and REE concentration and pattern in rivers[J] . Chinese Sci
Bull, 1999, 44(suppl 2): 106 - 107.

Hannigan R E, Sholkovitz E R. The development of middle rare
earth element enrichments in freshwaters; weathering of phosphate
minerals[J]. Chem Geol, 2001, 175(3/4): 495 —508.
Koeppenkastrop D, De Carlo E H. Uptake of rare earth elements
from solution by metal oxides[J] . Environ Sci Technol, 1993,
27(9): 1796 -1 802.

Bozau E, Leblanc M, Seidel J-L, Staerk H-J. Light rare earth
elements enrichment in an acidic mine lake (Lusatia, Germany)
[1]. Appl Geochem, 2004, 19(3): 261 -271.

Nelson B J, Wood S A, Osiensky J L. Partitioning of REE
between solution and particulate maiter in natural waters: A
filiration study[J]. J Solid State Chem, 2003, 171(1/2): 51 —56.
Gammons C H, Wood S A, Jonas J P, Madison J P. Geochemistry
of the rare-earth elements and uranium in the acidic Berkeley Pit
lake, Butite, Montana[J]. Chem Geol, 2003, 198(3/4): 269 ~
288.

FRE, B, DR, TRE, BRX, HAR, ¥%. B
BrHEHRER L oRERERKERREBLT]. FRd
%, 1998, 17(3): 250 -253.

Yin Da-qiang, Yang Xing-ye, Sun Hao, Wang Xiao-rong, Dai
Le-Mei, Chen Yi-jun, Cao Mi. Study on the fate of rare earth
elements (REEs) in eutrophic waters using laboratory microcosm
method[J]. Environ Chem, 1998, 17(3): 250 — 253 (in Chinese
with English abstract).

ik, BUK, VR, GRd, R, SHER. EITEE
WAEYPREITEROTRRESHERREY [J]. WHER,
2004, 26(2): 87 -94.

Shi Qian, Guo Wei-dong, Hu Ming-hui, Yang Yi-ping, Wu Yu-
mei, Gong Zhen-bin. The content of rare earth elements in benthic
organisms from the Xiamen Bay and their distribution and envi-
ronmental implications[J] . Acta Oceanol Sinica, 2004, 26(2):
87 — 94 (in Chinese with English abstract).

B2, KBH . BLCRKFRMAERESH M), Jb5.
o B IREERHE A A, 2003:142 - 157,

Peng An, Zhu Jian-guo. Environmental Chemical Behavior and
Ecological Effects of Rare Earth Elements]|M]. Beijing: China
Environmental Science Press, 2003: 142 — 157 (in Chinese).

Geochimica | Vol. 351 No. 6 | pp. 639 ~ 644 | Nov., 2006


http://www.cqvip.com

