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f Thedistribution of 21%hs matches that of the organic mattierwn the profile
T Vegetation affects the surfaeetivity of 2!%Phuin the soil,beinggreaterunderforest

than under scrub.
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Summary

The characteristicand distribution ofinsupportedadioactivdead210 ¢'%Ph:y) in soilandthe
relations between the radionucliaiedsoil propertiesletermine its fatevithin the environment.
We haveexploral the distribution of?1%Phs in stony soilprofiles nearthe edge of the Ebro
basin innorthern Spainthe role played byvegetation in lat distribution and the relation
betweerthe radionuclide and organic carbdNe describe in detail therofiles of?!%Phw at 23
sites 10 under forest and 13 under scrulhichwere sampled at-2m intervalgo a maximum
depth of 14 cmThetheoreticabistribution 0f?1%Ph. follows an exponerdl declinewith depth
in undisturbed soilassuming minimasurfaceslope and no evidence of erosion or deposition
processesComparable distribution patterof?!%Ph.x andorganicC becameevidentfrom the
analysesThereweresignificant correlationbetween the activity 6f°Ph.xandorganicC under
bothforest and scrutbut thestrongestwerein the surface layers gbil under forestViore than
80% of the total activity of'%Ph.x was adsorbed in the uppg&em, with an exponential déne
with increasinglepth The decline was modelled with exponential functions fitted bylmear
leastsquares regressita predictthe depth distributios of 22%Ph. andorganicC in forestand
scrubsoils separatelyThe resultsconfirm the viability ofthe use of*%®Phu in stony soilasan
indicator ofsoil redistributiorandshowthe significaneffect of vegetatie cover These results
provideusefulinformationabout sampling desidgor futureresearchf the radionuclidé'Phx

is usedfor assessingoil redistribution in similaMediterraneamnvironments.
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Introduction

The radionuclide lea@10 ¢'°Pb) is among the most important environmental radionuclities

is a membeof the uranium238 €3%) decay seriesndis an important component of the

natural background radiatiorit occurs naturally and in varying concentrat®nn soil,

sediments and natural water. Le&tD (vith a half-life of 22.3 years) deriv&from the deay

of radonr222 f?’Rn)andthe daughter of radiud26 €2°Ra), whichoccurnaturally in soil and

rocks. The?'%Pb in soilgeneratedn situ by the decay of'Ra i s ter me®b os upp«
(*%Phy), which is in equilibrium witi#?°Ra.Upward diffusion ofa small quantity of?2Rn from

the soil introduce$'%Pb into the atmospherBubsequery this 21%Pbfalls backto the surface

of the soilthrough wet and dry depositidrom theatmospher¢Figure 1) This deposited'’Pb

is not in equilibrium with its pareft®Ra, and is commonly ter med 6
219pp @1%h.,). Theredter 22%Phy is rapidly and strongly sorbed by the soil (He & Walling,

1996) although some moves downwards in the prof@ensiderablesariationin the global

pattern of?!%hw fallout has been documentetippleby & Oldfield (1992) pointed outthat

values are greater in easteartsof continents because of the predominant veast movement

of air masses, and alessover the ocean@Valling & He, 1999)

The vertical distribution of!®Phuw is controlledprimarily by re-distribution processes and
is affected by surface runoff, mixing by bioturbation and vertical migratlanstable,
undisturbed soilthe activity of 2!°Ph.x decreasesapproximatelyexponentially with depth
(Figure 1) The adsorption of'%b in soil is affected by various propertissich as clay and
organic matter (Fujiyoshi & Sawamura, 2004hd soil type (Ozdest al, 2013).Previous
researchon soilin the SpanishPyren@sindicated that the distribution 8t°%Pb isrelated to

carbonates ani iron (Fe) and manganese (Mn) oxidetiereassariationin 238U seensto be
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more related to processes such as leaching and the transport and accumulation of soil particles
(Navaset al, 2005, 201} In addition, the?'%Phy profiles in soil under forest are probably
affectedby the canopy (Katoet al, 201Q Teramageet al, 2015), which intercept$'®Phs
fallout, anddepend to some degreen thestage ofvegetationgrowth and geometryf the
foliage

Recently, Mabitet al (2014) reviewd the environmental behaviour &f%b and
emphasiedthe importance of soil physicochemical characteristics sutgxage, pH, organic
matter andcation exchange capacityfCEC) for the boavailability of Pb in soil. These
physicochemical properties play an important role inaim@untof 21%Pb in the environment
(Narayana & Rajashekara, 2010).

There have beemfew attempts to explore the vertical distributimfrunsupported*’Pb in
soil profiles in Mediterranean environments (Ugtial, 2004; Benmansowt al, 2011; Porto
& Walling, 2012).0ur earlier researcmithe Spanish Pseyrenees combined the use of both
137Cs and?%Phw to assessates ofsoil redistribution (Gaspast d., 2013a,b) andhowedthe
potential of?1%Ph.x asa sediment radiotracer (Gaspatral, 2013a). Furthermoyeve stressed
the need to definbettera suitable depth of sampling asdmplingintervak in heterogeneous
environments withan intricate mosaimf land uses as in the PRyrenean agroecosystems
(Gasparet al, 2013b). This encouragexir further research on the depth distribution of the
radionuclide and the main relations with soil properties under natural vegetatsionin
mountain soil.

We reporthereour furtherexploration ofthe distribution and behaviour &Phsin stony
soil of the central Spanish PRyreneesand howthe variation in ?!%Phy is affected by

vegetation coversoil depthandthe conterg of soil organiccarbon(SOC)andstone
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Our main objective was toiscoverwhether there were differencas 21Phey, both its
activity andinventory, in soil betweerforest and scrub aritie relation of%Phw to depthin
the soil To thisendwe (i) describe the verticalistributiors of 22%Ph. andorganicC, (ii) use
exponential regression models fsesng the effect of vegetatiorcoverand soil deptlfon
2%, and organicC and (iii) explore the relations betweétPh:x with soil organicC and

stone content

Sampling and measurements

Study area

The study was carried out aregetaed hillslopesthat arerepresentative of Mediterranean
mountains in the central Spanishe r enees ( 42U 1(Bigued.dleedan OU 31
soil types are Leptosol€;alcisols and Regosolsde Gasparet al, 2014). The vegetation
comprises Mediterranean forest awdb, which correspond with the Mediterranean aulo-
Mediterranean bioclimatic regimesThe forest is dominated by evergreen o&puércus
rotundifolia Lam.) and doughtresistant deciduous oak®yercus faginedam. andQuercus
cerrioidesWillk & Costa), and there is large percentage of litter cover and leavethesoil

surface Scrubis dominated by somBuxus sempervirers, Juniperus oxycedrus. andsub
Mediterranearlants,which coverless of the groundr'he climate is continental Mediterranean

with an average annual rainfall of 595 mm distributed in two rainy seasons, spring and autumn,
and a mean annual temperature of 12.2&rCaccurate caracterization o$oil propertieatthe

sampling sites was made for the sainplestaken from forest and sdrareas.
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Measurement of soil properties atigk data

Twenty-threesoil profileswerechosen atandomlocatiors for samplingtheyincluded10 in

forest and 13inderscrub The profiles were on sitewith gradientghatrangedfrom moderate
(0O 12%) to medium (1224%) and steep(>24%) The soil types sampled includeldree
Leptosolsfour Calcisols andhreeRegosols intheforest and nne Calcisols andour Regosols
in scrub(Table 1)

In an earlier investigation in the region (Gasetal, 2013b) we sliced vertical cores of
soil into 5cm sections in which to measuéPh.x. We foundthat theuppermst 14 cm of
uncultivated soil contaed 80% of thé'%Ph activity, and that we had too few measurements
to describe the distributiomhereforejn our new investigation we sampled2atm intervas
to a maximum depth of 14 crilVe thoughthatthis would enable us tobtain more detailed
profiles of?%Ph.. The soil samples were taken with a 10 cm x 10 cm steel box corer (Figure
2) designed by Navast al (2008), whichcan sample smalledepth increments of soil.
Althoughwe couldsampeé in most of theprofilesto 14 cm,for some Leptosols the maximum
sampling deptiwv a s10 ai (P2) an@12 cm (P3) and in some Calcisilgdid not extend below
12 cm (P14 and P23) because of underlying (@elble 1) We took 156 soil samples total
(67 samples from forest ail®® fromscrub pofiles). Thesewere airdried, ground and sieved
to pas mm.

Measurements 6f°Ph.x weremadeby gammaray spectrometrywith the high resolution
low energy coaxial HPGe detector model XtRa GX30Canperra,Meriden, CT, USA)
coupled to an amplifierThe detector had a relative efficiency=@6 and a resolution of 1.9
keV (shielded to reduce backgrouratiatior) (see Navast al, 2013). After equilibrium
betweerf?®Ra and its daughtét*Pbwas reachegthe totaPPbactivity was measured at 45.

keV. We calculatedunsupported*®Ph activity by subtracting?®Ra from total?’®Pb. The
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activity of 2°Ra was obtained byeasurement dhe activity of 214Pb, a shortived daughter
of ?’Ra at 351.9 keV. Count times were typically of aboud@Bs, with an analytical precision
of about 1015% at the 95% level of confidence. Thetivity of 2%Ph. is expressed as
concentratiorfBq kg') andtheinventory (Bq n¥) is theactivity per unit aregl nv) calculated
from thedry massbulk density(g cm™®) of thefine fraction (< 2mm) for each layerThe total
inventory of the profile would equal the sum of them slices

The conterd of soil organic carbo(SOQ and soil inorganic carbon (TI®eremeasured
by dry combustiomith a LECO RG612 multiphase carbon analyser (LECO, St. Jodd8h).
Stone content was defined as the percentage of fraction greater than 2 mm, and diwsity of
fine fraction (< 2mm) was determined from the known total volume of the sample and dry
weight d the finefraction,on the assumption that the density of stones2188 g cnv. The
particlesize distribution was determined by laser diffraction (Beckman Coulter LS 13 320,
Miami, FL, USA) after chemical elimination of the organic matter and chentigadgregation
ThepH (in al:2.5 soil:watessuspensionandelectrical conductivity (EC)iif a1:5 soil:water
suspensionwere measurely standard technigse

We analysed the data statistically usBtgtgraphic$or Windows Statgraphics Centurion

XVII, 2016) and GenStat (Payne, 2016)

Statistical analysisand results

Summary statistics and analysis of variance

The soil samplesn(=156) are very stony in general and their texture is predominantly silty

loam (Table 1). The silt fraction is predarant and ranges from 14 to 80%, and the clay content
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of 88% of samples shows moderate variability, between 15 and 30 %. The sand content is less
than 10% for 80% of the samples, although it reaches 84% in some. The SOC varies
considerably from 0.61 to 29%he density of the <2mm fraction has a minimum value of 0.20
g cni®in organic soil and reaches a maximum of 2.31 §.chhe soils are alkaline (pH: 689
8.17) with little evidence of salinity (electrical conductivity, EC: 0118%18 dSrt) and
calcareais with ranges of total inorganic carbon from 0.40 to 12.8 %?*PRbactivity varies
considerablyjt reaclesa maximum of 195.6 Bq kgwith a median of 23.3 Bq kgand a
minimum less than detection limit. The inventory’t¥Phs ranges from zerto 3026.0Bq
2.

The forest soil has the largéstPhsxactivity and SOC. The maximum values of SOC are
in the surface layers of forest soil, whereas for scrub soil the largest SOC content is about half
that of the forest values (11 %). The stone cdnietarger for the forest soil, which has
smaller densityn the fine fraction (<2 mm)with a maximunthat does not exceed 1.59 g'cm
3, Conversely, soilinderscrubgenerally recorded a slightly lowgfPhsxactivity, but the*%Phsy
inventoriesdeviated more tharthe reference inventory for the area (2019 + 215.8 Bg m
Gaspatret al, 2013a).The fine fraction (<2 mm) of thecaub soil also has the largestnsity
The pH is similar for forest and scrub sbilit we consider that leaching might bera intense
in Leptosols (forest profiles P1, P2, P3) because the maximum pH does not exceedéds/.85
is less than the pH of Calcisols and Regoselsch are the soitypes that predominate under
scrub.Figures 8 andS2 (Supporting Information) providdetailed information for all soil
properties anabed.

The data fof!%Phy, boththeir activity and inventory, theortents of organic C (SOC) and
stoneand the bulk densitieare displayed layer by layer in Figurea3 boxandwhisker

diagrams It is apparent that the largest concentration$'&f.x and organic C are in the
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uppermost 2 cm and the concentrations decrease monotonically down the profiles. We return
to this matter belowApart from theclear decreasin stone content in thtéhree first depth
intervals there are no evident trends ither the stoneontentor bulk density.

From the data on the@n slices w estimatd the amounts of*®Phs, organic C and stone
in the soil down to 14 cm under foresidascrubvegetationand compargthemby an analysis
of variance For this we calculated the amouonfsC and ston@er square metre, knowing the
dry masdine fraction per squametre of the individual 2cm slicesas for thé'%®Phsinventory,
Figure 4summarizestte resultgraphically the difference in carbon is substantiaih amean
of 5.09 kg n under forest compared with a meah 3.40 kg n? under scrub Perhaps
surprisingly, theeis little differencen the?%h.y inventoriesfor the forest and scrub sit&he
mean values fostone contendire almost identicallhe results of the analyses of variance are

summarized in Tablg.

Modelling the vertical distribution df°Phexand organic C
Figure 3 suggests that both®Phs activity and the concentration of organic C decrease
exponentially down the profiles in accord with what other investigators have observed.
Nevertheless, the distributions appear to differ substantially from one another in magnitude. To
pursue aingii), i.e. the comparison of these distributions, we fitted exponential models to them,
taking into account that we had repeated measurements on the same profiles.

The basic equation for the distribution is

y=U b yX, (1)

wherey is the response variablegre the!®Ph.y activity or the concentration of organic C, and

X is the depth. The quantitiés b and¥ are fitting parameterdJis the asymptote to which
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approaches as the depth, increasdds# b is the maximum of atx = 0, the surface of th@#,
andy, which must be less than 1, describes the curvature.
To compare the equations for forest and scrub we elaborate, defining two equations:
219Phy, fores= Avorest+ Brorest X Worest (2)
and

ZlOPbex, scrub— %crub"‘ Bscrub>< Wscrubx y (3)

where?'%Phy s in Bqg kg! andx is in cm and in which the parametésB and Wrepresent) ,
b and~y, respectivelyandarespecific to forest and scrub separately. The equations for organic
C are analogous.

Our task became that of fittisgmultaneously the equations for the two kinds of vegetation
as factors in terms of the three parametamnsl of testing the parameter estimates against the
null hypothesis that they were not different. We discovered that we needed to transform the
measurd values to square roots to normalize the residuals and to make the residuals
independent of one another. All the analysesrefore were done on square roots. The latter
and the values 6t°Ph.xand organic C predicted by the fitted equations were-bradsformed
for display in Figure 5. To take into account the repetition of measurements on the same profiles
we incorporated a firsdrder autoregressive dependence within each of the profiles.

We proceeded in stefds;st fitting Equation (1) to all te data regardless of the vegetation,
and then adding separate const#sstandAscrun then separatBrorest and Bscrun, and finally
separatd@MVorest and Wscrup Tables S1 and S2 (Supporting Informatidis)s theresults of the
analyses of variancend parameter estimates at every dtephe analysisTables 3 and 4

summarize the final analysis %Pl and organic C respectively, and Figure 5 shows the

1C
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functions fitted to both th&%Phsactivities and concentrations of organic C under the inaisk
of vegetation.

As expected, depth i@rysignificant < 0.001) for bottf*%Phxand organic C under both
forest and scrub. So too are the interactions, depth x vegetdtimmugh somewhat less so for
organic C thar*®Ph.x. The maxima too of thieinctions (A + B) differ significantly.

Vegetation on its own wasery significant in relation tothe differencein organic C
between forest and scrub (Talle but the difference iR*%®Phwx was not (Table8). The non
linear shape parameteiforest and WscrupWere similar for botf1%Phex and organic C, and not

significantly different.

Relations betweettPhexand soil properties
We discoveredhatmost of the?!®Phuyis retained in the uppermost 2 cm of the profivesich
is also richest in organic C. The Pearson correlation coefficient, computed on the square roots
of the 2!%Phy, activity and organic C, is 0.885 for the forest profiles and 0.526 for the scrub
(Table 5)

The %Py activity is significantly and positively ecelated also with stone content for
forest and scrub soil (Table 5), wkasthe correlation betweeit®Phuy activity anddensityof
the fine fraction (<2 mmis significant and negative at théZcm depth interval, especially
for the forest soil.

We calculated also the correlation coefficients betweerd‘tRé, inventory (in Bq )
and the mass of organic C and stoostensto the same maximum depth (in kd)nbutthere

wereno significant correlation

11
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Discussion

In thesample profileshe uppermosé cm contais more tharB0% of?*%Phwy, andthere is none
below12 cm. Theseresultsaccord withthose frompreviousstudiesn whichall 22%Phwy activity
was found taccur in the upper 16 cm (Wallirgg al, 2003), 18 cm (Benmansoeiral, 2011)
or 20 cm (Zhengt al, 2007). Odzenet al (2013) found that'®Ph.x can move to a maximum
depth of about 20 cm in undisturbed sdihe continuous inputs of atmospheric fallout of
unsupported'’Pb to the soil surface have maintained a layerafimum activity at the surface
and accentuate the importance of the 1semface horizon in accounting forostof the 21%Phey.
The pattern we observed almost certainly arises because of strong adsorptici®hihiy
the surface solil, leaving little to be redistributed within the profile (Zretrag, 2006). This
behaviour is similar to that reported by Walling & Quine (1995)a@s.

Infiltrating rain can transport the radionuclidewnthe soil profile (He & Villing, 1997)
andlead to an exponential decreasdt with increasingdepth.We (Gaspar & Navas, 2013)
observeda similar behaviouwith the artificial falloutof ¥'Cs althoughmaximum *3Cs
activity occurred a6 cm in uncultivated soil. Wakiyamet d. (2010)also obtained similar
results they observed thathe maximum concentrations of'%Ph.x occurred at 112 cm
whereas thaof 1*'Cs content was greateat3.5 4.5 cm below the surface

The larger concentrations 6f%Phw in profiles with large stone contents are because the
amount of adsorbed#%Phx per unit mass of soil surface is greater when there is less soil
available in relation to the effective volume of the fine fraction that can retain fallout
radionuclides (Sat & Navas, 2004).

In general, the decrease in content!&Ph.x with depth in the forest and scrub soil reflects
strong adsorption of the radionuclide by the surface soil during infiltrdiiawur karstic study

area however,the effect of pH orleachingof the nuclide camot be totally excludedwhich

12
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accordswith findings by Evan®t al. (1997)for the glaciersfrom Conway Granite in Carroll
County, New Hampshir@JSA). In our shallow profileppH changes little with depth (apart
from profiles P7P8, P17 and P23)ut inthedeeper profilepH washigher in the deepest soil
layers(see als@aspar & Navag2013), probably because of the leaching of carbonkisas
et al, 2005).

The behaviour of'%Phsxand its distribution with depth depend on pedogenic processes that
include losses by leaching, which could be explained by karstic processes that partially control
evolution of the landscape on which the Leptosols have developed (&leala2013). Smit
& Blake (2014) also identified a vertical control on soil properties under a uniform geological
substrate in which the content dfPh.is greater at the soil surface. In addititwssesand
gains by plant uptake and subsequent decay of plant mgtesalkecially in the A horizgn
should be also considered as Evanal (1997) point out.

Thelarge?'%Phx activities and inventories at the soil surfacggesstrong fixation by the
fine componentsf the soil Although fallout radionuclides are aabed on to clay surfaces or
fixed within the lattice structurave know thabrganicmatteralsohas a greater effect (Rigol
et al, 2002) Thefact that theexponentiafunctionfits the vertical distributions of boft%Phux
activity and organic C so wedluggests thairganic matteis the major adsorbant of tAEPh
in the profiles we sampledhis inference accords with the results of our earlier investigation
(Gaspaet al, 2013Db) in soil profiles with uniform distributions of clalyujiyoshiet al (2011)
also found thabrganicmatteralsoplaysamore importantole than that of clayn determining
theverticaldistribution o1%Phy, as didSiposet al (2005)and Dagryseet al (2009), especially
in acidic soil The greater affinity of'%Phsx than®’Cs for soil organic matter (Wallbrird¢ al,

1998) and its accumulation in the litter layer associated with humic substancesataighthe

downward migration of*®Phsin comparison with*’Cs (Dorr & Munnich, 1991).

13
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The models for forest and scrub profildkistrate the differences in thevertical
distributiors of ?%Phs, under the twokinds of vegetation, especially in the uppéaw
centimetresThe strongimilarity in distributions of organic @ith those of!%Ph. suggesthe
strong control of organic matter on the retentiot'@h.x. Models oforganicC and?'%Phsx
with depthsupport the evidendbatthese two properties decreasmilarly down the profile
andare strongly relateakspecially in forest soil.

The depletion of*%Phwin scrubprofiles, indicated by the greater deviatiorf 9Pl from
the reference inventory than in forest profileseFigure 9, Supporting Informatioy suggests
thatscrubprofiles are more affected Ispil redistribution processe$he number of soil profiles
that show depletion 3t°Ph.xand SOC undescrubareprobablyrelated to a smaller percentage
vegetation cover in certain placdhisresulsin less protection of the soil surface ahdre is
probably more soil erosion, which would reduce both radionuclide content and SOC in the
surfacelayers.By comparisondense mature forest witireatercover would reduce the splash
and detachment of dqiarticlesand sdimit 2!°Ph.cdepletion In other nearbyemperate areas
theforestsoil was found to be more resistant to erosion g@nbsoil (Navaset al, 2008), in
spite of thegreaterslope (Gaspaet al, 2013a). Stableprofiles were predominant in tiserub
soil, which comprised > 50 % dhe profiles analysed in this study¥herefore, a in other
Mediterranean environments, lower growing shrubs and grasses afsgtiie effective in
protecting soil from erosion becaubey provide enough ground surface caa®Quineet al

(1994)alsofoundin the central Ebro valley

Conclusions

14
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Our results show that the content?8Ph.x below 14 cm was negligibland trat 80% of the
content o?1%Phxx occursin the upper 6 cm of the soil profilé/e recommend sampling at 2
cm depth intervals to improve the accuracy*&®h.x measurements in similar environments to
that of this study.

The vertical distribution of'®Ph.x seems to be most affected by soil aigamatterBoth
the 2%Ph., andorganicC appear talecline exponentially with increasing depth in the.sbil
both the forest and scrub soil exponential functions fitted the observed distribution3 fneell.
parameters of the exponential functions fittedhe soil under forest, howeveliffered from
those for the soil under scrub, and the differences shatwegetation cover plays an important
role in the fate of*®Phux(Bq kg?).

We improved our undestanding of how the radionuclid®Phwis distributedn mountain
soils in northern Spajrwhich is essential for interpreting the information %k provides

asatracer of soikerosion and deposition, as well angerprinting of sources afediment

Supporting Information

Figure S1. Detailed information for all soil properties ansdd in Figure 3Jor each sectionf
theprofile, including the total inventory for each profile to compare with Reference inventory
of the study site 2019 Bqn

Figure S2.Box-andwhisker plots oftotal inorganiccarbon TIC), pH, electric conductivity

(EC) andclay, silt and sand contergfor depth increments undéa) forest andb) scrub.

Table S1.Detailedanalysis of variance ét%Phx activity (Bq kg?) transformed to square reot

for all stepsn the analysisStep 4 corresponds with Table 3.
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Table . Detailed analysis of variance of organic C (%) transformed to squase fiaroall

stepsin the analysisStep 4 corresponds with Table 4.
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Figure Captions

Figure 1. (a) A compilation of?!%Pb knowledge. Decay scheme?#Ra and its daughters, the
use of?!%Ph, measurements to estimate soil erosion and depositionamadiebr identifying
source and sink of sedimerasd(b) different examples of the theoretical vertical distribution
of 21%Ph.in soil. This figure is a redition based on Wallingt al (2003, completed by!%Phsx

research to date.

Figure 2. (a) Location of the study sitgb) detaied information of the higkresolution soil
profile sampler and (c) characteristiosthe forest and scrub areas in stony Mediterranean

mountain soil NorthernSpain).

Figure 3. Box-andwhisker plots of?%®Ph,, organicC and other soil properties for depth

increments undg(a) forestand(b) scrub.

Figure 4. Box-andwhisker plots of the total inventories dfPhwx organicC and stone content

in the soil of the two vegetation types.

Figure 5. Vertical distributions of (aj*®Phx activity and(b) organicC under forest and scrub.

The measurements are plaottas points, and the fitted functions, the parameters of which are

listed in Tables8 and4, are shown by the curves.
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Figure 1.(a) A compilation of%Pb knowledge. Decay scheme?®Ra and its daughters, the
use of?!%Ph,, measurements to estimate soil erosion and deposition rates and for identifying
source and sink of sediments and (b) different examples of the theoretical vertical distribution

of 21%Ph.,in soil. This figure is a redition based on Wallingt al (2003),completed by'Phsx

research to date.
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Figure 2. (a) Location of the study site, (b) detailed information of the Inggiolution soll

profile sampler and (c) characteristics of the forest and scrub areas in stony Mediterranean

mountain soil (Norther$pain).
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Figure 3. Box-andwhisker plots of?!%h,, organic C and other soil properties for depth

increments undg(a) forest andb) scrub.
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Figure 4. Box-andwhisker plots of the total inventories dfPh.x organicC and stone content

in thesoil of the two vegetation types.
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Figure 5. Vertical distributions of (aj*®Phs activity and (b) organic C under forest and scrub.

The measurements are plotted as points, and the fitted functions, the parameters of which are

listed in Tables 3 and 4, are shown by the curves.
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Supplementary Information 1. Vertical distributions of (a}*°Phex activity and (b) organic C

under foresand
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Supplementary Information 2.
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