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Constantes Estimations Estimations de P pour s" fixée Estimations de P Pour C fixé

Eléments a b c n r q 0,05 o,2o 0,50 C=1 C=5 Q=25 C=10O

2,221 1,622 0,364
2,769 2,121 0,209
4,822 0,100 0,100
4,655 0,655 0,363
4,000 1,414 0,174
4,619 0,707 0,325

2
2
4
4
4
4

1 1
2 1
1 1
1 1
1 1
1 1

2 1 1
1 1 1
4 1 1
2 1 1
2 1 1
2 1 1

1
1
1
1
1
1

1
1
1
1
1
1

2
1
1
1
1
1

4
5
5
5
5

1,262 0,688 1,831
1,211 0,696 1,806
0,100 0,100 9,849

1 1 1
1 1 1
1 1 9

3
3
2

1
1
1

1
1
1

1  1  3  1 0
1 1 3 1 0
1 1 1 1

1,341 3,452 0,603
1 ,543 0,100 0,100
1,286 1,210 0,100
1,462 0,100 0,100
2,128 2,525 0,100
1 ,141  0 ,100  0 ,100

1 3 1
1 1 1
1 1 1
1 1 1
2 2 1
1 1 1

4
1 0
I
I
2
1 3

I
I

2
2
2
I

3

1
1
1
1
1
1

1
1
1
1
1
1

1
1
1
1
1
1

1
3
3
3
1
3

4
10
10
10
4

10

RbE5
Sr88
c d l 1 1
c d l 1 4
Co59

1,297 0,100 0,100
1,079 2,214 0,434
2,393 1,915 0,463
1 ,615 0,979 0,859
1 ,427  1 ,153  1 ,132
0,100 0,100 0,100
1,279 2,059 0,695
1,667 2,205 0,608

1 1 1
1 2 1
2 1 1
1 1 1
1 1 1
1 1 1
1 2 1
1 2 1

I
5
1
6
1 2
1 0
1 0
6

2
1
I

1
3
2
3
2

1
1
1
1
1
1
1
1

1
I

1
1
1
1
1
1

1
1
'l

1
1
1
1
1

3
1
2
3
3
3
2
2

1 0
6
7

1 0
1 0
1 0
6
6u238

TABLEÀUvI:Calculd€scorsrantes4betcetdesesrimationsn,r,qetpàpartirdescomposantesdevaliances(TableauIV)etdesvaleus
relatives des coûts Cr, Cz, Cr et C.+. Iæ's différents paramètes sont calculés de la façon suivante :

n=u x.,/-(cy'co) u"ec a=sr/s"; r--b x {- (Crlc:) avec b=sJsr; q=c x {- 1c1/C; avec c=sys"; (C| <C2 <C3 <Cr) , les estimations de n' r et q sonl

arondies à I'etrtel le plus p(oche. ks éléments hachués ont une conceffiatior moyenne dans les mouss€s proches des limites de quantification

et demandent des réserves quant à leur interprétation.
Iæs calculs de p sont effectués en fixant soit s*2 (formule 2) ou le coût C (formule

probabilité d'échantillonnage, budget) entre différentes campagnes avec : C=l (budget

argent 5,25 et 100 fois plus important).

1). I-es coûts représentent des coûts relatifs (temps et

temps-argent minimal); C=5, 25 et 100 (budget temps-

I
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Main Effects Elements 8a138 cd l14 Gsl33 Lal39 Pb206 sbl21 Sr88 Ti49 u238 v51
oæe 6'08 006 202

dl=1 p-valuê ns na ns ns na ns
p6 (n=120) m +- st.e. 12.88+,0.71 0.23+-0.01 0.67+-0.04 0.46+-0.04 '10.95+-0.51 0.29+-O,Ol 12.95+-0.87 21 0'l+-1.1 1 0.093+-0.005 1.35+-0.05

ô;i;=itoi n'' *- 
"i.". 

rà.+z*o.zr 0.26+-0.01 0.64+-0.04 0.42+-0.04 8.65+-o.sl 0.16+-0.01 13.42+-0.87 13.87+-1.07 0.081+-0.005 0.98:jq.0s
s  807  938  164  109

dl=3 p-valuê
t=O (n=22) m +-st.e. 11.89+-1.4:] O.2O+-0.02 0.72+-0.08 0.,12+-0.09 7,18+-1.03 0.15+-0.02 9.72+-1.74 13.95+-2.45 0 057+-0.010 0.97+-0 09

È1c an=to8) m +- st.e. 10.45+-0.6s o.2i+-0.01 0.49+-0.03 0.39+-0.04 8.34+-0.47 0.23+-o.ol 12.39+-0.79 15.75+-0.97 0.089+-0.005 1.02+-0.04

r=(2c-r;) (nJ2) m +- st.e. i4.59+-t.4g o.2s+-0.02 0.75+-0.08 0.44+-0.09 10.52+-1.03 o.2o+-0.02 12.94+-1.74 15.75+-2.01 0.078+'0.0i0 1.21+-0 09

i;;i;;st' t *- 
"r.". 

rs.oa*0.72 o.3o*'o o1 0.68+-0.04 0.51+
c: srâflons s. ot sq. s.ozl 

---6:lE6-- 
5€8S 2736 1.u--12 27.75 5.365 2-39 5.7 2.19

dl=3 pvalue ' na na n3 n3 * ns

D (n=€6) m +- st.e. 11.65+-0.9 0.24+-0.01 0.58+-0.05 0.44+-0.06 8.91+-0.64 0.16+{.01 11.34+-1.09 14.74+-1 33 0.066+-0.006 1.05+-0 06

n in=++i m+-st.e..t1.98+-1.12 o.2E+-0.02 0.49+-0.06 o.,to+-0.07 9.55+-0.80 0.16+4.02 10.04+-1.36 14.17+-1.66 0.068+-0.008 103+-0.08

cE (n=é) m +- st.e. i4.09+-0.9 0.25+-0.01 0.85+-0.05 0.44+-0.06 10.56+-0.64 0.24+-o.ol 16.81+-1.1 19.95+-'1.36 0.105+-0.006 1.23+-0.06

at i;=è;i . *- 
"i.". 

r+.Àaro.g ô.zz*-o.o't o.tt*-o.os o.+z*-o.o
ary concentsations (pg.gr) with the conholled_factoN A: "species" (moss species

tested with pleuroium schreberi @s) alrd Pseudoscleropod.iun puntm (Sp)t B : '"tiûre" (time of transplant exposEe with td), 1c (one cumulative-month)' 2c

(two cumulative months) and (2c-1c) (second month); ô : "staiions" (O, R : blank stations; CB, SV : polluted stations mÂinly inflùenced by tlafEc and car

exhausts). Since 19 p-values are less ù,un 0,05, these facmrs have a statistically effect on these multielerF al co[ceDtrations ât the 5% level (* p<0.05; +*

0.9.661. 'r*'* oç6.g1i11; ns : tro sigBtficanq S. of sq. : Sum of sqùares). This table shows the mean and ôtandard erro( (m +- st. e.) ele[rent concentmtions

lpg.gl) for the species, trme anal stûlions levels. The number of ICP-MS amlysis are fudicated in brackets'
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! Se, Ti
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ECl ,T i ,  Pb

E : Cl, Ti, Se,
Pb
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+ mFur I

--ç' lowaewl

Relative Abundance of elements

A :
c l ,K,7 l
B :
S, Ca, Cr, Mn, Fe, Ni,
Cu, Se, Ti, As, Ba,
Pb

K,7 t '
E :
S, Cr, Mn, Fe, Se, Ti,
As, Ba, Pb

C :
cl, cu
n .

I

tl

I

tl

I

tl

FIGIJR.E S : Scheme of principal factoN influercing heavy metals and trace elements Input and Output along a pludannual shoot of moss, l) wet

and dry armospheric depÀsitions, 2) leachate from upper vègetation, 3) soil contamination, 4) young to older parts movements, 5) material losses

by decomposition processes, 6) elements rcmobilization ftom old to younger parts.
In vivo elànents distribution by SXRF technique gives integat€d observation of all these factors. It allows to se€ washing treatment (TABI-E 3)

and short time transplanted (TÀBLE 4) effects thiugl me àemens distribution along with homogeneous, pyramidal or reveÎse pyramidal

segments repartitions. x indicates Zn repartition in the special case of Zn addition of 50 pg/l in the bathing medium.
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interaction Manova 2
Segment x Treatment

(AxDl effect
K1g0 cl17Ê Cr24s 2n30s...

treatment
unwasned

/n -128\
Washed
{n=158)

unwasneo
(n=128)

washed
1 n - 1 5 8 )

Unwashed
(n=128)

wasneo
(n=158)

unwashed
/ n - 1 2 8 )

washecl
(n=158)

Mean +-

Stnd Error

l (n=106) 57.3+-2.O 56.5+-1 .810.3+-0.9 17.4+-0.8-0,4+-O,2 -0,6+-0,1 3.2+-O.1 4 .1+-0 .1

ll (n=94) 31.7+- 2.1 54.2+-1.912.6+-0.9 16.1+-0 .8-0,1+-0,2 0.4+-0.1 3.2+-O.1 3.7+-O.1

ll l (n=86) ô5.3+- 2.1 44.1+-2.314.9+-0.9 16 .6+-1 .0).7+-0.2 0.9+-0.2 nd nd

Level : Segment

95,00%

confidence level

I

t l

ill

xx
xx

x
x

x
x

x

x
x
x

x
X

x

x
x

x
x
nd

X

x
nd

TABLE 3: Summary of the sigrificanr interaction (Segment x Tr€atment) factor for the MANOVA 2 with Eurhynchium pmelongum

@p) an6 pseuclscleépo4ium purum (Sp) species sampled on sites I and 7 with the washed/unwashed tueatmeft (TABLE 1 and 2'

supporting information;. x** ln6;"*r ,;ulttr dala are those extracted ftom the experiment with ùe inital Zn addition of 50 Ugn ill the

tajttring niedum (tznlô=so ppb) with Pseudoscleropodium purum (2 years old) sampled on Site 1 after 15 minutes of washing. nd : ilo

Zn determination in segment m for the two yeaÎs old shoot of Sp.
Means values ar€ transiorrned data (!, square rcot and $, logarithmic functiots)of SXRF results (element counting/diffusive counting)

for 600 seconds time acquisition.Homogeneous groups are identified by a column of x's. within each columû, the levels containing X's

folln a grcup of meâns with or without itatistically siglificant differences (95% conhdence iûtervals for each mean).
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MANOVA 1 Structural and Electrolytics Enzvmatics No Biolosical Function Knowns

Main Effects sl6 Kl9 cl17 Ca2O Cr24Mn25Fe26 Cu29 ZnSOSe34 Ni28 1422 As33 Ba56 Pb82

A: Segments
CF=2

p-value ns **!t ** *** ns ns *** ** ***

Homogeneous
Groups

LS Mean for segment

95% Tukey HSD
by segment

(n=66)

| 1n=o+;
ll 1n=+o;

2,4
2,4
2,5

3,8
3,8
3,8

2,1
2,3
2,5

3,9
4,0
4,1

0,8
1,3
1,6

2,9
3,1
3,1

3,7
4,1
4.2

2,3
2,3
2,3

3,3
3,3
3,3

0,6
0,7
o,7

1,6
1 ,8
1 ,9

1,8
2,5
2,6

-0,7
-0,1
0,0

1,6
2,1
2,2

2,5'
2,8
2,9

I
t l
ill

X
x
x

x
x X

x

x
x
x

x
x
x

x
x
x

x
X

B: Species
JF=2

p-value *** * !f** ns ** ns :t** ns *** ns ***

Homogeneous
Groups
LS Mean for Specie

95% Tukey HSD
bv soecie

Sp (n=77)
Ps 1n=s+1
Ep (n=37)

2,3
2,4
2,6

3,7
3,9
3,9

2,1
2,2
2,7

4,O
3,9
4,1-

0,9
1,5
1,3

3,1
3,2
2,9

3,9
4,0
4.O

2,1
2,2
2,5

3,1
3,1
3,8

0,7
0,8
0.4

1,6
1 ,7
2 ,0

2,3
2,5
2,0

-0,5
-0,2
-0,1

1,7
1 ,9
2 ,3

2,6
2,7
2,9

Sp
Ps
EP

x
x

x
x

x

x
x
x

x
x

x
x

x
x
x

x
x

x

x
x
X

X
x

x

x
x
x

x
x
x

x
x

x

C: Sites dF=6
95% Tukev HSD

p-value *!ttl :t** ***

TABLE l, support'mg lnformation ! Summary of Multifsctor Analysis of Vadance I after logarithrnic transformation-(S) of elements

variables in the Passive Biomonitofi[g expqiment with national sampling sites. Elemetts mean$ are exprç'ssed as log(element

counts/diffusive counts) rcsulÎs, (A) seg;ents effect examines the ovirall r€partitior elements in diffcrent annual segments I, tr and Itr (for 1,

2 and 3 yeals old); (B; Species emect æsts ttre diffeEnt elcmerts coûtents between tbl€e moss species (SP, Ps€udoscleropodiun purum; Ps'

pleurozium schreberi; Ei, Eurhynchium praelongum); (C) Sites effe.t comparcs significant differEnces between sampling siæs.

Iævels of significance : ns: not ;ignificant; * p<0,05 ** p<O,01 *** p<01n1' dF degees of fie€dom

HomogeneÀs groups are idcntified by a colu^rnn of X's. within each coîmn, the levels containing x's foÎm a goup of ûËans with or without

statistically significant differences (Tukey's honestly significant differences, HSD, procedure).
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TABLE 2, supporting information : Multifactor Analysis of Variance 2 procedure with 4 factors (A), Segment effect; (B) Specie

effect; (C) Site effect;-(O) treatment effect after logarithmic ($) and square root (f) transformations of SXRF results expressed as

(elements counts/diffusive counts) in the passive biomonitoring experiment. Controlled factors are (A) Segment effect (segments I,II

and Itr for l,Zand 3 years old); (B) speciès effect @p, Eurhynchium praelongum ; Sp, Pseudoscleropodium purum) ; (C) Site effect

(sites 1 andT) and (D) Shoot Treatment effect (pre-treatment of moss with washed and unwashed individuals). F-ratio is based on the

residual mean square erïor, significance levels : ns, not significant; x p<0,05 ** p<0,01 *xt p<0,001'

Homogeneous groups are identified by a column of X's. Within each column, the levels containing X's form a group of means with or

withoul statisticallfsignificant differences (Tukey's honestly significant differences, HSD, procedure).
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TABLE 3, supporting information : Significance results of interaction factors of Multifactor Analysis of variance 2

(TABLE 1, supporting informarion) with (A) Segment effect, (F) Specie effect, (C) Site effect and (D) Treatment

effect. (f) square root and ($) logarithmic transformations of variables, means of elements are expressed as

tranformed (ilement counting/diffusive counting). F-ratio is based on the residual mean square elror, significance

levels: ns, not significant; x p<0,05 ** p<0,01 x*x p<0,001; df: degrees of freedom

Homogeneous groups are identified by a column of X's. Within each column, the levels containing X's form a group

of means with or without statistically significant differences (Tukey's honestly significant differences, HSD,

procedure).
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TABLE 4, supporting information: Multifactor Analysis of Variance 4 after ($) logarithmic and (f) square root

transformations of variables in the Active Biomonitoring Experiment of (Sp) Pseudoscleropodium purum with

three factors and interaction factors, (A), Segment effect examines the elements repartition in the two annual

segments, (B) Time effect represents time exposition of moss transplants (t =0, 1 and 2 months), (C) Site effect

allows to compare Site A (blank site for the active biomonitoring experiment) to Site B (traffic-influenced site).

Means of elements are expressed as transformed (element counting/diffusive counting).

F-ratio is based on the residual mean square error. I-evels of significance: ns, not significant, x p<0,05 *8 p<0,01
**x p<0,001 ; dF: degrees of freedom.
Homogeneous groups are identified by a column of X's. Within each column, the levels containing X's form a

group of means with or without statistically significant differences (Tukey's honestly significant differences, HSD,

procedure).
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ANNEXES GENERALES. ANNEXE DU CHAPITRE IV

Tableau 2 : Description des sites de prélèvements 1 à 7 (Chapitre IV, FIGIIRE 1) en fonction

des espèces de mousses échantillonnées (Sp, Pseudoscleropodium purum ; Ps, Pleurozium schreberi

; Ep, 
-Eurynchium 

praelongum) et des concentrations d'éléments mesurées en ICP-MS (pdg ou

ppm).

Sites Espèces Départements As Ba Cr Cu N: Pb Ti Zn

1 Sp 77 Seine et Marne 0,4 21,9 4,2 5,7 1 ,4 10,3 60,9 33,6

Ps 77 Seine et Marne 0,4 20,6 4 6,1 2,3 12,5 63,2 59,9

2 Ps 4 Alpes de Haute o,2 26 0,7 4,8 <2,5 7 ,1 33 28

Sp Provence <0,3 32 2 3,2 <2,5 7,4 36 34

3 Ps 66 Pyrénées Orientales 0,7 44 4,8 7,5 2,5 21 - 176 27

4 Ps 70 Haute Saône 0,4 30 2,9 6,5 2 27,8 61 ,5 55

5 Sp 78 Yvelines 0,9 31 6 9,6 4 29,2 119 70

6 Sp 93 Seine St Denis 0,5 47 4,9 14,7 3,9 56,5 83 97

7 Sp 77 Seine et Marne 13,9 1  19 ,6 7,7 3,1 4,7 94,5 279,8 45,1

Ep 77 Seine et Marne 22,5 469,6 8,5 5 10 ,8 316 ,5 142,5 43,4

188
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Analyses ICP-MS des mousses transplantées sur les Sites A et B

As (ppm) Ba (ppm)
p+-int conf pr+-int conf

NiCr Cu (ppm)
p+-int conf

Pb (ppm)
p+-int conf

Ti (ppm) Zn (ppm)
;r+-int conf 

'p+-int 
conf

Sites Espèce DépartementsTemps d'exposition

A Sp
Sp
Sp

67 Bas Rhin
67 Bas Rhin
67 Bas Rhin

t=0 0,05+-0,04 9,08+'2,23 ld 4,12+-0,08 ld 5,O7+-1 ,43 19,95+-o,o7 5l ,6+-' l z'5

t= 1 mois 0,14+-0,02 9,37+-0,33 ld 5,77+-0,19 ld 6,91+-0,12 32,22+-4,07 121,2+-16,16

t= 2 mois 0,10+-0,02 10,66+-2,61 ld 4,64+-0,16 ld 7,27+-0,63 32,48+-1,43 7o,2E.+-1,23

B Sp
Sp
Sp

91 Essonne
91 Essonne
91 Essonne

t=0 0,05+-0,04 9,08+-2,23 ld 4,12+'O,OB ld 5,Q7+-'1,43 19,95+-u'ul 51,b+-lz'c

t= 1 mois 14+-0,01 15,93+-0,18 ld 5,41+'0,17 ld 8,06+-0,5 37,72+-1,o7 51,/  t+-2,14

t= 2 mois 0,22+-0,04 25,61+-6,16 ld 7,48+-1,22 ld 9,73+'1,58 58,91+-13,21 81,81+'12'55

Tableau 3 : Evolution temporelle de la concertration multiélémentaire (pg/g ou ppm) des trarsPlants de Ps€udoscleropodium purum (Sp) ex

2 srâtions A (sitÊ témoin) t B (site sous inflrience automobile) dans I'exÉrimentation de Biosurveillatce Active. Iæs moyenûes (F) et leur in

de conliance à 95 % (i conf) corespondent aux mesues ICP-MS exprimées en Fglg (ou ppm) et effectué€s sui chaque sous-unité d€ transp

seuls Cr et Ni n'ont pu etre dosés en raison de Foblànes de limites de détection. ld : limite de détectiol

1 9 l
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