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province. This argument is supported by the fact that NO, from car exhausts have more negative §"°N
values (-13 to +4%o0) than natural ones (+1 to +9%eo), and by the high negative Pearson coefficient
correlation (PC =-0.74; P < 0.001; n = 52) between nitrogen values and the number of the Quebec
registered vehicles (Fig. 6).
® The short-term (GLK of 75%; P < 0.05; n = 16; Fig. 7) and long-term (r of 0.69; P < 0.01; n = 17)
variations of the red spruce §"°N series correlated with the measured amounts of provincial N and S
emissions for the 1990 to 2006 period, the longest direct measurements available.

Tree-ring 6”0 values are mainly controlled by climate and are not significantly | i

sensitive to atmospheric pollution; they reflect a natural behaviour.

Assimilation of C and N is affected by diffuse atmospheric pollution, apparently in an
iImportant manner, by Canadian fossil fuel consumption (emissions of NO, and SO).
The early lead isotope trend of red spruce trees reflects a mixture of natural lead from

the mineral soil horizon and anthropogenic lead from north-eastern American coal
combustion (1880-1919).

® Wood pre-treated (removal of resins) to analyze the §"°N values.

® Total digestion of tree rings before analyzing the tree-ring metal concentration and lead
- Isotope ratios.
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Objective of Statistical approach
To separate the geochemical patterns induced by natural conditions from those generated by
anthropogenic perturbations.

% Ta o R e 3
A > . . | e | k The lower Pb ratios reflect the introduction of leaded additives to gasoline (1920- Se
% Statistical approach: ol _ Fig. 6 5000 © T 750 Fig. 7 _ g5 7B 1989)
*’ Apply a lirear Fey eSS e o CEE=DA B TIS IS T Registeredcar L4000 © S iy The late Lead isotope trend likely derives from three main sources (1990-207): coal
= the 6 Oa.nd 0 Csem.es forthe period.onino (lowypollution (158010 1309). . . = W) of the Qc province L = % 700 - - 00 © | combustion, burnt recycled material and natural lead present in soils
ﬁ | ® |f there is a good fit between measured and modeled data, the regression-derived 8 3000 ¢ o : R » . . : ' .
— equations are applied to generate a modeled geochemical climatic series for the recent | N -2000 @ 8 650 - Qc treerings N The tree-ring Cd, Zn and As concentrations are first linked to economic S
> oeriod (1910 t0 2007). j 5 10 | ™ / L1000 £ & L05 T developments, and later sensitive to the diminution of atmospheric emissions ral
. ® For that period, if the modeled geochemical trends match the measured ones, the trees | £ 0 " 5 600 - E occurring in the 1980s. |
are considered to be solely influenced by natural (climatic) conditions. 0 0.0- W = N _ NO)(& SOx of the --10 o | b P R ‘ ¢ . 1
- ® A strong departure between the modeled and measured data indicates an environmental = & M d o o3 550 : c ;"} e e Ori : - o x\*\ ,.’J'
- D . = _10- easure o % Qcprovince 15 2Z | ———
D & O o 500 - X Acknowledgements \ N -

. 4 ® To verify if the departure can be caused by anthropogenic emissions, we applied a linear | o values = cz) . /4 - N S =
regression between the residual of the predicted values from regression with climatic 2.0 . . . . ! : : : i 450 | | . | . | . L 90 o | : We; v(\j/ouldﬂl]lkefto thanl|<A Smn':?off of ghedDgltatrI]_abEat GSC- Qutebgc I_flor nﬁr EUpport in th:ds %OJeIcE:t We wantttoI
parameters and anthropogenic emissions. Then, the modeled values from meteorological 'S acknowledge the(inancial support provided. by the,Environmen R OURIale: the Welivigon Mehia

S parameters and pollution data are combined to verify if they match the measured isotopic 1840 1860 1880 1900 1920 1940 1960 1980 2000 &, 1990 1992 1994 1996 1998 2000 2002 2004 2006 Geoscience Program of ESS/NRCan and by Natural sciences and englneermg research council of Canada NSERC.

N ek values.

Years Year

e RS

| I*I
I*I Natural Resources Ressources naturelles
Canada Canada | ana



