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Abstract. Fifteen epiphytic lichens, collected near anvactiickel mine and along an East-West transect
across New Caledonia island (South-West Pacifieyevanalyzed for their metal contents. The purjpse
evaluate atmospheric metal contamination and thEa@inof mining exploitation on the surroundingseTh
structure of the compositional dataset was explosedg a covariance biplot. The score of the forstcipal
component was used as a generic indicator to loealdluate the degree of contamination. This study
demonstrates that Ni, Co and Cr are highly conaedrin lichens near mining exploitation.

Keywords: lichen, nickel, bioindication, compositional dasgnthetic indicator

1. Introduction

Atmospheric dispersion of air pollutant is a worilde problem. Moreover, the increasing number of
pollution has peaked over the last decades hasieidh@ more drastic regulation of air pollutants by
governments, and the need for relevant monitormgjst of air quality. Lichens have been used as
bioindicators of the air quality in various enviments ([1]-[3]). Lichens are symbiotic organisms,
composed of fungi and algae. They have the aliditgccumulate over years metals from the atmosphere
Lichens have no roots, or cuticles and their nuritnuptake therefore relies exclusively on dry @t w
deposition, mostly by cation exchange. Bioaccunmmathowever, can be influenced by morphological
and/or environmental factors, specific to each viudial (shape, age, distance from pollution soyrces
temperature, precipitation or wind direction...).

Nickel is known not only to be released into th&iemment from natural sources (volcanic emission,
forest fire and vegetation,...) but also from antlwggnic activities (fuel combustion, waste disposal
incineration, metallurgical activities, mining,...Jhese later generate small-sized, trace metaisheul,
airborne particles which can be spread over a thsignce from their sources. They have a deleterdiect
on natural ecosystems. On humans, they may exesmratory dysfunctions, heart diseases, and cancer
prevalence ([4]-[6]).

* Corresponding author. Tel.: + 687 290320; fax: +B8@310
E-mail addresscamille.pasquet@etudiant.univ-nc.nc



The dispersion of nickel ming element in an op-pit context is poorlystucied. Moreover, mine’s
access may be problematic in the context of amumsnted monitorir. Lichens coulcprovide therefore an
economical and easy set up samp In this study, internal metaloncentrations ccobalt (Co), chromium
(Cr), nickel (Ni), iron (Fe), coppdCu), zinc (Zn) and titanium (Thave been measurin epiphytic lichens
collectedin and around mining are. The objective of this study it® assess spatially the impact oese
mining areas on atmosphemuiality. To fulfil this purpose, we applied statistiespecially designed for
treating compositional data. generic indexable to summarizéocally the degree of contaminat, was
drawn from these data and mapped.

2. Materials and Methods
2.1. Study Area

New Caledonia is a Souilvest Pacific archipelago, composed of a main isld@dande Terre”, an
three smaller islands (Fig 1 AJwo thircs of the “Grande Terre” area is composewweathered ultramafic
rocks, forming lateriteand saprolits [7]. These rocks, highly enrichedtmansition metals (Ni, Co, Cr, N
form world-class Ni ore deposits whicare exploited in wide open-pit mine&n opencast minir, firstly
needsthe extraction of surface material covering the (@egetation and top soil). Secondthe ore is dug
on benches, and then driven doeither by 20 t or 3@ truck on unpaved road or by belt conveyor f
loading zone. These mining activities generate dustctoperating step [8], [9].

The present study focuses the Poro mine, located at the East Coast. dirie ofthe oldest, still active,
mines in New Caledonia.

2.2. Sampling

Fifteen lichen thalli wereollectedin March 2012 from the opencast miokPoro located at the East
Coast and along a transect, towatts West Coast. They were collected on traeks, at approximately 1.5
meters above the ground, by meaha plastic knife, andtored in a hermetically plastic .
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2.3. Analysesof traces element

At the laboratory, lichengere air dried, rmoved frombark and crushed in a |-cleaned agate mortar to
obtain a fine powder [1Between 20 to 10 mg of powdered ¢hens were transferred tcbeaker with 2 mL
each of suprapure HCI, HN@nd HF, heated at 105°C, in order to obtain a totadalistion

Blanks and certified referenceaterials (CRNs), namelypeach leaves (NIST 1547), lichens (B-482),
and basalt (BCR2)yere processetogether with each batch of unknowamples. Solutions, appropriat:



diluted with Milli-Q water, were analysed for Cor,Mi, Fe, Cu, Zn and Ti, using an Inductively Ctagp
Plasma - Optical Emission Spectrometry (ICP-AES)cH Arcos.

The limits of detection (LOD) were calculated oe thasis of three times the standard deviationvef fi
analytical blanks. Differences between measuredcartified concentrations may reach 30% at worabl@
1). It is not however, a crippling drawback becatlse concentration’s dynamic observed within thece
samples is quite huge. A blank correction was rfeless applied to raw sample concentrations, ajinau
accounted for less than 10% for all elements.

Co Cr Cu Fe Ni Zn Ti
LOD (ug/g) 0.19 019 0.98| 2.12 0.21  0.08 0.55
BCR 2 (ng/9)
Measured 45 11 20 5.9 8 98 1.2
Certified 37 18 19 9.6’ - 127 1.3
BCR 482 (ug/g)
Measured 0.47 3.25 6.20| 701 231 87 78.2
Certified 0.37 4.12 7.03| 804 2.47| 100.6 -
NIST 1547 (ug/g)
Measured nm 1.0 2.6 185 076 174 23
Certified 0.07° 1.0 3.7 218 069 17.9 -

Table 1: Quality control of the analyses. nm fololedetection limits; - to the best of our knowledgo data
available? provided but not certified expressed in per cent

3. Results and discussion

The highest concentrations in Cu and Ti were oleskm lichens collected from transect sites (21gug/
and 478 pgl/g, respectively),while the highest catregions in Ni, Co, Cr, Fe and Zn (5216 ug/g, 32129,
1612 pg/g, 6.68 % and 147 ugl/g, respectively) wezasured near Poro mine (Table 2).

Sample Il  Section Co Cu Cr Fe Ni Zn Ti
1 2.1 8.2 26 0.19 42 74 128
22 3.4 0.82 19 0.53 31 76 470
23 2.1 14 22 0.19 28 77 163
24 Transect 6.6 21. 30 0.75 59 20 478
25 3.2 nm 28 0.23 54 88 172
26 5 6.4 57 0.37 51 22 347
27 0.85 nm 13 0.10 20 19 72
28 175 2.4 1612 6.68 3535 147 64
29 13 0.47 111 0.53 204 32 9.5
30 24 5.4 254 1.37 391 36 164
32 Poro 323 13 1503 6.15 5216 75 68
33 10 55 666 1.84 324 29 43
34 0.31 0.70 11 0.04 12 3.5 2.7
35 10 0.76 118 0.48 191 48 27
36 63 12 564 2.02 948 44 27

Table 2: Trace element concentrations (in pg/gepiton content in %ow/w) for all lichens. nm: b&lcOD



It is common to normalize trace elem’s amount measured in licheby concentratios of a crustal
origin element [1], [10lto overcomeindividual variability related to exposurege, etc. of each lichen.
However, pair ratios containingcmmmor and variable denominator céad to spurious correlatis [11].
To avoid this problem, eompositional data analys<is highly recommendedi2], [13]).

Compositional data consists of ve( x = [x4,X,, ..., Xp], for D race metal concentratis, satisfying a
sum constraint less than or eqt@ll. The compositional datasetfisst centred log rati(clr-)transformed to
avoid such spurious correlatiofist]:

X2 Xp

! ,In e, IN———
gm(X)  8m(X® gm(X)

where @(x) corresponddo the geometric mean g, (x) = (x;.X; ...xp)"/P. Then, the covariance
biplot can be computeftom this new compositional datasiigure 2), wherdog-ratios of the variables
(trace metals) and sit@igchen sampls) can be represented on a same diagram.

clr(x) = [In
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Figure 2: Compositional coviance biplot for lichens projected the first twoprincipal componen

At that point, it should be recalled that the iptetation of a compositional covariance biplo
somehow different from that of a traditional bipIThe line connecting tweariablesarrow heads, namely a
link, represents the logtio between the two involved variables, and tvagth of this link indicates tt
variation of these logatio (or ratio). The angle between two lirestimateghe correleéion between log-ratio
(a linear linkor with an angle near 0°/180° indicates tha-ratios are correlated}4].

In our case, the firsaind secondomponents explain 73% and 17%spectivel, of the total variance
(sum= 90%, cf Figure 2). Figureshows the impact of variables on princigaimponers. When bars are
above or belowthe line equal to 1, the variables have an infleenothe component.lt appears that
component 1 is highly influenced by Co/Ti, Cr/Fe/Ti and Ni/Ti logratio variable, whereas component 2
is influenced by Co/Cu, Cr/Cu, Fe/Cu, Ni/Cu andCn/loc-ratio variablesinterestingly the short links
between mining elements (i€o, Cr, Fe and I) indicate subcompositions of low variancegure 2).
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The Poro lichenswhich exhibi the highest concentration$ elements possessing a mining origin (
Ni, Cr, and Fe) always plot in thigght part of the diagram (i.e. tlpositive part of component), whereas
those originating from the trans, plot in the left part. Such visuallgbservable difference is eas
confirmed by a multivariatanalysisof variance (p<0.01). Howevek]ANOVA is unrealizable on thclr-
trangormed data because the covariance r is singular. To overcome thgngularity,an isometric log-
ratio (Ir -)transformation is appliefd.5]:

ilr(x) =z=[zy,...,z2p_1] ERP™L; 2, = /iln %fcr i=1,....,C-1

To deternme the degree of pollutioneveral multi-element indices haatreadybeen constructed ([16],
[17], [18]), using, for instancéhe mean concentration ¢ combination ofLOth percentiles of each eleme
Meyers et al [12] have recentBhowr that score of a compositional biplot can be used n efficient
synthetic indicator of pollutiofMeyer's Indice).In the present case, the scores of PClextremely well-
adapted to such a purpose, as discussed i
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Figure4: Synthetic indicator of lichen contamination

As expected, the Meyersynthetic indicator demonstratdbat Poro mine regic is more impacted than
locations belonging to the transgEigure 4). The influence of mining activitiés observe up to 30 km
away.



4. Conclusion

Air monitoring by lichens has proved to be veryeefive to evaluate nickel-contaminated environments
The presence of mining activities in New-Caledde&ds to increased incorporation of Ni, Co, Cr lgse
organisms. The use of adapted compositional dasdysia allows a synthetic index of pollution to be
computed on the basis of first principal compong&his index can also be mapped to estimate thedigm
of metal from the mining area. Such data can be tsémprove the management of impacted areasand t
better protect the ecosystems in the future. Fughealies are required to evaluate atmospheric Sitmas
over a wider area and other contaminated sites l{am®e abandoned mines, etc...), and their
ecotoxicological impacts.
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