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Association of Exogenous Ianthanum Oxide and Lanthanum Chloride with Phosphorous Loss from Soils
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Abstract; Non—point source pollution is one of the main sources of water pollution. Increasing inputs of phosphorus to agricultural land have
led to accelerated freshwater eutrophication. There is a hypothesis that transport of exogenous rare earths can be related to phosphorus in
soils. An investigation of the behavior of rare earths can be helpful for a better understanding of the transport mechanisms of phosphorus in
soils. In this study, exogenous lanthanum oxide(La,0;) and lanthanum chloride (LaCl;) were added together with phosphorous fertilizers to
soils for an artificial rainfall experiment. The transport characteristics of P and La from surface runoff were investigated, and the feasibility of
using rare earth elements as tracers for phosphorus in soils was discussed. The results showed that both La oxide and chloride shared similar
transport characteristics with P and there were significant correlations between them. This study demonstrated that both LaCl; and La,0O could
be used to trace phosphorus loss in soils.
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Figure 1 Schematic diagram of apparatus in artificial rainfall

experiment
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Figure 2 The characteristics of runoff and sediment loss under the different La,0; content
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Figure 3 The characteristics of runoff and sediment loss under the different LaCl; content
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Figure 5 The transfer characteristics of La and P loss under the different LaCl;content
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Table 2 Relevance of La and P loss in artificial rainfall experiment

LRI R La iR R PRk E

MEEM TR gmpa R B BERENATE R

La)05 0 y=37.383¢1 0998 y=114.8:'*7 0.993 1
5 y=33.087:'"%7  0.998 3 y=94.255:* 0.992 6
10 y=155.67:"° 09875 ¥=97.064:"°7 0.994 1
15 y=57.303¢  0.997 5 y=111.69%'2"" 0.990 5
20 y=107.1%%  0.9951 y=184.45/"** 0.997 5
25 y=198.87:°1  0.9952 y=114.8/" 0.993

LaCl; 0 y=154.0242° 0,992 5 »=2.911 3/#*®! 0.980 3
5 y=47.8921™1 0970 6 y=83.428:'""> (.994 3
10 y=16.445: 0966 7 y=114.5%""* 0.999 1
15 y=134.43251 0999 y=114.21:"°* 0.999 1
20 y=110.57¢22 0,989 5 y=80.454t"°° 0.995 4
25 y=32231:'%° 0974 3 y=102.95" 0.996 2

BARMT, NATREREEF R—RZIZ2RH La Fl
PR RI M SC A T A, SR AN 3 B 45
IR R TFEIMAFFIE LaCls F1 Las05 () LA, La
0 P Bl FRAR I B0 IR B AV B i
A (P=<0.01), 7] Wb L S ALY A SE AL W 17 B
BRERR J7 TR A R B

EABIIEIE L, R 234 lb 1 5 3% ( 80%~99% )
1 1 R B e AR AUR ) LR, TR A B 60%~
90%K8 0.1 mm AN (R R AR F RS, 25 P Pt
REZBN 2R RN, WO IR (RO | PR Ry
(] ) I A R (B AR ot B ) A AR B (b
2 T B ) R SCHL R A4 BRI R AN
BHREHESES 2, SRR R RARAEL, SN £ La il
AT, HRER AR PR - SR AR 2 [ IR A
IHEEE LR MR A RRRIAATIERS, xR
La Fl P fik B AR R EZURN, /e i T
FONEATE IR R R A S BALEE . \ TREF SE R4 R
VIR, FIARHETE La A RE LD RE
BTN BRI R AR A AR, T H 3 B R B
HEAR K2R, FR TR BA S TIE B2t
R B RS AE WIS R A S P ik

XA A ZFREREN PR I
IR IR BRI R U R AT LR B SR b T PR A IR
LI L BRNRARTEZ—,

4 Zig

T I TAU R SE 8, 7e 2087 B AR K
SCRFALAGZRRL E, B85 T AR LOTR La ALY
TR 7 BRI T B R PO I R B AT AT o S
RB R B AR BAE T RIT 465 i A 8] A
MGHE A, HEAE 20 min 2B EA B , F IR e
BREB B AR IAR T La 1 P JLK B FEREFR I
B e, SRR B9 AL G Y BcR B& o
R . BT+ La FI P A
LRI AARE, RWTTERYIH La 1 P ¥R B BERERT
(s 2 B AR A 3, 727 TR IR BT B, La F
P AR R B B AR, AR B s, (e 15 min £
FTRE , HJG s EBUN, T H P AR R
oA A A R 2 8% 54 LaCls Rl La,0, T A
A AR, R, X FESINA R & LaCls A La05
B9, La I P BEMIRAZ AR AR B2 M #H 2R
FEURBERER, R LR LOLR La A5
B RERER R R

S 30k :

[1] Sharpley A N, McDowell R W, Kleinman P A. Phosphorus loss from land

to water: integrating agricultural and environmental management[J]. Plant

and Soil, 2001, 237:287-307.

[2] BT, SRR, BERTN, 55, ER IR YT Sl T B il 3

IR 21 HAHIN b E R RIS B EIE HAE T T B R
2#, 2004, 37(7):1008-1017.
ZHANG Wei-li, WU Shu—xia, JI Hong—jie, et al. Estimation of agricul—-
tural non—point source pollution in China and the alleviating strategies
I . Estimation of agricultural non—point source pollution in China in
Early 21 Century [J]. Scientia A gricultura Sinica, 2004, 37 (7):1008—
1017.

[3] Haygarth P M, Hepworth A L, Jarvis S C. Forms of phosphorus transfer
in hydrological pathways from soil under grazed grassland[J]. European
Journal of Soil Science, 1998, 49:65-72.

[4] Nair V D, Graetz D A, Portier K M. Forms of phosphorus in soil profiles

2R3 La ¥ PifiKLIRER] Pearson HHXRE(P=<0.01)

Table 3 Pearson correlation coefficient of concentration between T-La and TP (P<0.01)

AN R SNIR La SNIR La g SN La Jy SN La SNIR La

iE=s ShRR L HRES FRE 104 HRE 5 HRE 20 £ HRE 25 1%
LaCly(n=T7) 0.64 0.942%% 0.999%* 0.998%* 0.940%* 0.960%*
La,03(n=10) 0.992#% 0.802#* 0.605%* 0.847%% 0.914%% 0.805%*




F29EH AW K b H o

A 757

from dairies of south Florida[J]. Soil Science Society of America Journal,
1995, 59:1244-1249.

[5] Simard R R, Beauchemin S, Haygarth P M. Potential for preferential
pathways of phosphorus transport[J]. Journal of Environmental Quality,
2000, 29.:97-105.

[6] B4, bk, ERE. HIERER IR BRI R 3 5[],
+3, 2004, 36(6) :602-608.

SHAN Yan-hong, YANG Lin—zhang, WANG Jian—guo. Soil phosphorus
loss to water: Its pathways, environmental impact, and countermeasures{]].
Soils, 2004, 36(6) :602-608.

[7] Eghball B, Binford G D, Baltensperger D D. Phosphorus movement and
adsorption in a soil receiving long—term manure and fertilizer applica—
tion[]]. Journdal of Environmental Quality, 1996, 25.1339-1343.

[8] Haygarth P M, Condron L M, Heathwaite A L, et al. The phosphorus
transfer continuum: Linking source to impact with an interdisciplinary
and multi—scaled approach[J]. Science of the Total Environment, 2005,
344.5-14.

918 1%, 528, Raeh. L3 La 5 PR SR BRI,
IR, 2009, 30(9) :294-299.

LIANG Tao, CHONG Zhong-yi, SONG Wen—chong. Preliminary study
on the association of lanthanum and phosphorous loss from soil[J]. En—
vironmental Science, 2009, 30(9):294-299,

[10] Hedley M J, Stewart J W B, Chauhan B S. Changes in inorganic and or—
ganic soil phosphorus fractions induced by cultivate practices and by
laboratory incubations[J]. Soil Science Society of America Journd,
1982, 46:970-976.

[1]% 1L, 2R f L 7e D R BRI (). 3@ IR, 1996,
27(2).82-817.

CHANG jiang, ZHU Wei—min. Adsorption and desorption of rare earth
elements in soil[J]. Chinese Journal of Soil Science, 1996, 27(2) .82~
87.

[12] TR 2B # LT RTE T Y R G170 51318 BN Kolk
BRI AR, 2005, 24(S1):315-319.

XU Xing—kai. Research advances in the behavior and fate of rare earth
elements in soil—-plant systems[J]. Journal of Agro—Environmensal Sci—
ence, 2005, 24(S1):315-319.

[13]5R &, #E. AR A A B Lot R ENP 1 &
HE@ 7, 2007, 38(5):928-933.

SONG Chun, HAN Xiao—zeng. Phosphorus fertility characteristices of
black soil under different types of land use[J]. Chinese Journal of Soil
Science, 2007, 38(5):928-933.

[14] 3= 5%, 25, L8 YI7E TR AE UL R AL DEE%EIR,
1998,36(1):104-111.

ZHANG Bao—gui, LI Gui-tong. Roles of soil organisms on the en—
hancement of plant availability of soil phosphorus[J]. Acta Pedologica
Sinica, 1998, 36(1):104-111.

[15] Ralf S. Rainfall —induced sediment and pesticide input from orchards

into the Lourens River, Western Cape, South Africa:Imporiance of a

single event[J]. Water Research, 2001, 35(8) :1869-1876.

(619l W, ELH, % Z ST E YR IR R KRN LR AT
FEI K EARREEAR, 2007, 21(3) : 14-18.

KONG Gang, WANG Quan —jiu, Fan Jun. Research on nuirient loss
from loessial soil under different slope[J]. Journal of Soil and Waier
Conservation, 2007,21(3):14-18.

[17] S, 2 A, JE UG, 5. SRR 44 T R BAR R AR
D] 35, 2001, 10(1):6-10.

HUANG Man —xiang, ZHANG Shen, TANG Yi —jian, et al. Nitrogen
losses from farm runoff under simulated rainfall conditions[J]. Soil and
Environmental Sciences, 2001, 10(1):6-10.

(18] E4H, £ J1, 203, i H R T8 S mE TR

PR BB KA 4R ( B FIENRD, 2007, 35(12): 109~
114.
WANG Quan—jiu, WANG Li, LI Shi—qing. Research on the effective
factors of nutrient transfer and loss in the slope land[J]. Journal of
Northwest A & F University( Natural Science Edition ), 2007, 35(12).
109-114.

[19] Hodgkinson R A, Withers P J A. Sourcing, transport and control of
phosphorus loss in two English headwater catchments[J]. Soil Use and
Management, 2007, 23(12):92-103.

[20] 2 ¥, EL4¥, KFE E ETRKERLARLAATXT

B BEE R IRTS AR RIS SRR 2R, 2005, 25(4):483-
490.
LIANG Tao, WANG Hong—ping, ZHANG Xiu—mei, et al. Simulation
study of non—point source pollution under different landuse in Guant—
ing Reservoir watershed[J]. Acta Scientiae Circumstantiae, 2005, 25
(4).:483-490.

[21] Sharpley N A, Chapra S C, Wedepoh L R, et al. Managing agricultural
phosphorus for protection of surface waters :issues and options[J]. Jour—
nal of Enwironmental Quality, 1994, 23 :437-451.

(22148 Jdh, FEdh, EI0H, 5F. R WIEaE SRS R LA L LI
FUHERRL). BV ERETRL S 4R, 2006, 25(S1):353-355.

CUI Li—tuo, LI Zhi-wei, WANG Li—xin, et al. Study progress of migra—
tion and transformation on nonpoint phosphorus in river basin[J]. Jour—
nal of Agro—Enwironment Science, 2006, 25(S1) :353-355.

[23] Victor Hugo Durén Zuazo, Armando Martinez Raya, José Aguilar Ruiz.
Nutrient losses by runoff and sediment from the taluses of orchard ter—
races[J]. Water, Air, and Soil Pollution, 2003, 153.355-373.

[24] Francirose Shigaki, Andrew Sharpley, Luis Ignacio Prochnow. Rainfall
intensity and phosphorus source effects on phosphorus transport in sur—
face runoff from soil trays[J]. Science of the Total Environment, 2007,
373:334-343,

[25] Zhang XC , Nearing M A, Polyakov V O, et al. Using rare—earth oxide
tracers for studying soil erosion dynamics[J]. Soil Science Society of
America Journal, 2003, 67.:279-288.

[26] Zhang X C, Friedrich J M, Nearing M A, et al. Poiential use of rare
earth oxides as tracers for soil erosion and aggregation studies[J]. Soil

Science Society of America Journal, 2001, 65.1508-1515.



