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Summary of Tracer M ethod on Studies of Soil Erosion

MA Kun,WAN G Zhao-gian, CHEN Xin
(A groecological Institute, Zhejiang U niversity, H angzhou 310029, Zhejiang P rovince, China)

Abstract: Soil erosion has already become one of themost serious envirormental problem s, 20il erosion by w ater is considered

a process involving the detachment, trangort and deposition of il materials by the erosive forcesof rainfall and surface flow

of water. The development of radionuclide™Cs tracer, stability rare earth elanent tracer and magnetisn tracer w ere used to

study il erosion, deposition, sedment distribution and the surce of sediment, w hich w ere separately presented The object

was to use for reference the experience of study method It is mportant that accurate evaluationsof the processesof detach-

ment , trangort and deposition from hillslopes are mportant to better understand the process of il erosion and evaluate
physically based on hillslope or w atershed scale erosion models

Key words tracer; ¥'Cs rare earth elanent;magnetisn tracer; il erosion

[1]

) 60 M enzel
[71
[2]
[3- 6]
1 [8 11] , 137CS 210Pb 7Be 226Ra 232
Th #si ®*Fe ®Cco *Cs ¥sr w7
, , cd®

, ¥cs 1960 , M enzel”

D5y

* : 2002-06-24
( 30030030)
.o (1972 ),



, Gra-
ham %! (1963) Bg B
Frere Roberts®! (1963)
Coshocton Ogr ,
908r 90
Sr 1/3 2/3 ,
137CS 137CS
[12,13,15,16,19 22]
¥Cs M cHenry  Rit-
chine!®! (1985) YCcs ,
137CS
Smpo=on (1997) Hudon B
CS [28]
(21 (1997) Bcs
, , 137CS ,
11 570 t/(km?- a)
(31 (2000)
¥cs , ;
, 54% 85% Brown (1995)
W illamette ¥cs
, ¥Cs : W allbrink ™
(1996) Canberra ¥cs
; (31 (1994) ,
137CS ‘
, 137C S, 210 Pb, 226
Ra, *Th
137CS 137(:S
(32]
137CS [12,15,20,27 32] Hao Yang Qing Chang [16]
, ¥cs
137CS
137C s ,
137CS
137c s 137C s 137C s
¥cs )
(331 (2000)

Qztas et al (1997)

Weg [15]
, 137CS
(1) ., Elliott"!(1990) Bics
; (2) . Kachanos
kil®! (1987) : (3) (Brown et al ,
1981) *; (4) (Zhang et al , 1990) ®%; (5)
(Frederickes  Parrens, 1988) (!
, ¥Ccs
137CS , ,
40% W allbrink P. 1 andM urray A. S 1996) ®
, (D ,
137CS
) , Elliot
JY=A. BX, ¥ics
(2 , ¥cs
Kachanoski[35] :Si= (St— 1+ T Et)k
, 137c:S
’ 137Cs ’
David
L. Higgitt™!(1995) o
, Elliot et al (1990)
137CS
Q4
2 5kg/(hm? a),
8 37t/(m* a) ,
137CS , 137CS ,
137c:s ,
137CS ,
137CS
[37] (2000) , 137CS
137CS
, :¥Ccs
[38] (2002) , 137CS

120 t/(hm?- a), 100 t/(hm?- a)

(2001 )



. 92.

9
, 137CS : CS: [50]’ [51 52]’ [53 55]’
74 621E- 53 124X, ¥Cs s 4, (%6 58] , REE
, , 1 (D) , ,
, £9] , , (2 ,
, Y¥ics , , ,
137C s 137C s , 137c s ( 3) , ,
13703
137CS [45 58,60 67]
1950 1960 , ,¥Cs ,
, 137C:S ,
B¥cs REE ,
¥cs ,
137CS 137CS ,
3 i [54]
, 137CS , 137CS , ,
, [40 44] , 137CS , ,
[61]
(62 &1(1997) , REE
Schimmack W *1(2001) 20t 240p 7 , ,
Cs Pu 1 (D) , ;
99% 2" 20py ,
;2 Pu [+ %31 (1997)
137c s 239+ 240Pu i ’
137C s (137C s ) , 239+ 240 PU
i 230+ 200 | ’ [61] (1997)
REE ,
2 REE- NAA ( ) ’
, , , (1997) ,
1986 Knaus ) ) ) ,
(REE) tn
REE 151 (1998) REE
[45 47] R EE , ,
(48 %1(1997) REE ,
, w eibull REE , , ,
, REE , REE ,
[51]
,REE

[60- 61]



. 03.

Eu

[1]
[2]
(3]
[4]
[5]
(6]
[7]
[8]

[9]

[10]

[11]

[62- 63]
64 661 (1997) Eu ,
, (1997, 1998) , ;
REE ,
’ 4
REE ,
(G ) ¥ REE ,
(NAA) , , ,
,REE
[49,68 69]
Eusebio. V enturaJr  (2001) ¥ , GIS, GPS ,
3 2mm, 1 2 g/an? :
E delong  (1998)!%® ™!
137CS )
, , [J1 , 2000, 11(4): 30- 35
, [J1 , 1995, 45(2): 154- 162

[J]
[J]
[J]

, 1989, 26(3): 226- 233
,1999,6(2): 1- 7
,1999,6(2): 26- 31
M1 ,1999 1- 8

M enzel,R G Trangort of 90 Sr in runoff[J]. Science, 1960, 131: 499- 500
W allbrink, P J,M urray,A S Detemining Soil loss using the inventory ratio of excessL ead- 20 to Cesium- 137[J]
Soil Sci Soc Am. J 1996, 60: 1201- 1208

Everett C Bonniw ell, Gerald M atioff, Peter 1 W hting Detem ining the tmes and distrances of particle transit in a
mountain stream using fallout radionuclides[J]. Geomorphology, 1999, 27: 75- 92

M ilton GM , Kraner, SJ,W astonW L, et al Qualitative estimatesof il disturbance in theV icinity of CANDU ' sta-
tion , utilizing measurements of *'Cs and®°Pb in il core[J]. Journal of Environmental Radioactivity, 2001, 55: 195-
205

L ionel M abit, ClaudeBernard Relationship betw een 2il*'Cs inventories and chemical properties in a snall intensively
cropped w atershed[J]. Earth and Planetary Sciences, 1998, 327: 527- 532



. 94 9

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[ 19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

[30]
[31]
[32]
[33]
[34]

[35]

[36]

CollinsA L, W illingD E, SichingabulaH M , et al U sing®’Csmeasurements to quantify il erosion and redistribution
rates for areas under different land use in the upper Kaleya river basin, Southern Zanbia[J] Geodema, 2001, 104: 299
- 323
David L Higgitt Quantifying erosion rates from Cesium- 137 measuranents A comment on Elliot and cole- bark
(1993): Estimatesof erosion on potato landson K rasonzen s at Dorrigo,N. SW U sing the Casum- 137 technique[J].
Aust J Soil Res, 1995, 33: 709- 714
M ontgomery JA, BusaccaA J, FrazierB E, et al Evaluation 20il movenent using Cesiun- 137 and the revised uni-
versal il loss equation[J] Soil Sci Soc Am. J, 1997, 61: 571- 579
RoshanM Bajracharya, RattenL al, JohnM Kimble U seof radiocative fallout Cesium- 137 to estimate il erosion on
three farm s inW est central OH 10 [J]. Soil Science , 1998, 163(2): 133- 142
Hao Yang,Qing Chang, M ingYuan Du, et al Quantitativemodel of il erosion rates using'™ Cs for uncultivated il
[J] Soil Science, 1998, 163(3): 248- 257
W iranathaA S, Rose CW, SalanaM S A comparin using the caesium- 137 technique of the relative importance of
cultivation and overland flow on il erosion in a stegp sami-tropical sub-catchment[J] A ust J Soil Res , 2001, 39: 219
- 238
W allbrink PJ, M urray A S,Olley JM. Relating sugpended sediment to itsoriginal il depth using fallout radionuclides
[J] Soil Sci Soc Am. 1, 1999, 63 369- 378
Tmothy A Quine, Gerarel Govers, Jean Poesen, et al Fine earth translocation by tillage in stony wils in the
Guadalentin southeast Spain: an investigation using Caesium- 137[J] Soil and T illage Research, 1999, 51: 279- 301
Timoyhy A. Quine use of caesium- 137 data fot validation of gatially distributed erosion models the mplications of
tillage erosion[J]. Catena, 1999, 37: 415- 43Q
V andenBygaart A 1 Erosion and deposition history derived by depth-stratigraphy o
Soil and Tillage Research, 2001(61): 187- 192
Quine T A ,WallingD E, ChakelaN Q K, et al Ratesand patternsof tillage andw ater erosion on terraces and contour

f¥Cs and @il organic carbon[J]

strips evidence from Caesium- 137 measurements[J]. Catena, 1999, 36: 115- 142

Paolo Porto,Des E W alling, V ito Ferra V alidating the use of caesium- 137 measurenents to estimate il erosion
rates in a snall drainage basin in Calabria, Southern Italy[J] Journal of hydrology , 2001(248): 93- 108

HeQ,W allingD E Calibration of a field-portable ganma detector to obtain in situ measurements of the’Cs invento-
riesof cultivated ils and floodplain sedments[J]. A pplied Radiation and Iotopes, 2000, 52: 865- 872

Grahan E R. Factors affecting Sr- 85 and |- 131[J] reamoval by runoff w ater W ater Sew ageW orks, 1963, 110: 407-
410

FrereM H, RobertH Jr The lossof storntium- 90 from snall cultivated w atershed[J]. Soi, Sci SocAm Proc, 1963,
27.82- 83

M cHenry J R,Bubenzer G B. Field erosion estimated from**’Cs activity measurament[J]. TransAm Soc A gric Engi,
1985, 28: 480- 483

Simpon M an- made radionuclides and sedimention in the Hudson River estuary[J]. Science, 1976, 194

, , . g [J1 , 1997, 4(2): 96- 99,
112

, , , ¥cs [J1 , 2000, 14(2): 25- 27,
103

. ¥ics [J1 , 1991, 11(3): 34- 37

, , . B¥cs [J1 , 2001, 8(2): 45- 49

, , , ¥cs [J] , 2000, 14 (4): 47-
50

Elliot GL , CanpbellBL , Loughran R J Correlation of erosion measuranents and il caesium- 137 content[J]. A p-
plied Radition and Iotopes, 1990, 41, 713- 717

KachanoskiR G,D ELong E Predicting the temporal relationship betw een il Caesium- 137 and erosion rate[J]. En-
viron Qual, 1984, 13(2): 301- 304

Brown R B, Kling G F Cutshall A gricultural erosion indicated by

¥'Cs redistribution: 11 estimatesof erosion rates [J].



. 05.

[37]
[38]
[39]
[40]
[41]
[42]

[43]

[44]

[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]

[53]
[54]
[55]
[56]
[57]
[58]
[59]

[60]
[61]
[62]
[63]
[64]

[65]
[66]
[67]
[68]
[69]

[70]

[71]

Soil Sci SocAm J,1981,45: 1 191- 1 197

137C s

Y¥cs [J]

[J1 , 2000, 37(3): 296- 304
, 2002, 9(1): 121- 125

[J] , 2001, 15(3): 4- 11

[J]
[J]

, 1997, 4(2): 100- 112
,2002, 9(1):17- 21

Eventura,M A ,Nearing E Amore The study of detachment and deposition on a hillslope using amagnetic tracer[J]
Catena, 2002, 48, 149- 161

W allingD E,and HeQ. U sing fallout L ead- 210 measurement to estimates il erosionon cultivated land[J]. Soil Sci
Soc Am. J, 1999, 63: 1 404- 1 412

Schimmack W , A uersvald K,Bunzl K. Can 239+ 240Pu replace™Csas an erosion tracer in agricultural landscapes con-
tam inated w ith Chernobyl fallout[J]. Journal of Environmental Radioactivity, 2001, 53: 41- 57

Junliang T, PeiHua Z, PuL ing L. Ree tracer method for il erosion studies[J]. Int J Sed Res, 1994, (9): 39- 46

REE
[J]

[J1

,1992,6(4): 23- 27

,1997,4(2): 57- 63

[J]
[J1

,1997,4(2): 64- 68,74
, 2000, 11(2): 126- 132

[J}
[J}

[J]

,1997,4(2): 2- Q
, 1997, 4(2): 10- 16
31 , 2001, 12

, 1997, 20(7): 418- 422

, , . REE 31 1997, 4(2): 26- 33

, , [J1 , 1997, 4(2): 21- 25, 46

, . 31 , 1997, 4(2): 41- 46
, . REE (31 , 1997, 4(2): 69- 74

[J1

, 1997,4(2): 47- 56

Yoof A M, SAKkyilLWood A K H. Rare earth elanents detem ination and distribution patterens in sedments of pol-
luted marine environrment by instrumental neutron activation analysis[J] Journal of Radioanalytical and nuclear chem-

istry 2001, 249(2): 333- 341

, : REE (31 , 1997,4(2): 17- 20
, . [J] ,1997, 4(2): 34- 4Q
: : [J1 , 1997, 4(2): 85- 91
: : 31 , 1997, 4(2): 75- 84,95
: : . [J1 , 1998, 9(2): 155
- 158
: , . Eu 31 , 1998, 4
(1): 61- 65
, : . [J] , 2000, 23(4): 285- 288
[J1] , 1997, 12(3): 102- 108

Eusebio V enturaJR, M ark A Nearing,Norton L Darrell Developing amagnetic tracer to study il erosion[J]. Cate-
na, 2001, 43: 277- 291

Eusebio V enturaJR, M ark A N earing,Amore E, et al , The study of detachment and deposition on a hillslope using a
magnetic tracer[J]. Catena, 2002, 48: 149- 161

Jong EDe, Nestor PA, Pennock D J The use of magnetic susceptibility to measure long-tine il redistribution[J].
Catena, 1998, 32: 23- 35

EriksonM G, Sandgren P. M ineral magnetic analysesof sedment cores recording recent il erosion history in Central
Tanzania[J]. Palasoelogy, 1999, 152: 365- 383



