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Outline

¸Trends and seasonal variations

¸Decomposition of trends

Ḩuman and natural factors

¸Contributions of North America 

versus Europe

¸Conclusions and Challenges 
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Canadian Arctic - Alert

82.46°N, 62.50°W
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Sampling and Analysis

ÅSeven-day aerosol samples were collected 

on 20 25 cm Whatman 41 filters using a 

high-volume sampler. 

ÅLiquid ion chromatography (IC)

ÅInstrumental neutron activation analysis 

(INAA)

ÅInductively coupled plasma emission or 

mass spectroscopy (ICP/MS)
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Chemical Species Analyzed

Ti I  Br Mn Na V Al Cl Ca          

INAA 
Cu In  As Sb             

Cu Cr Al Ba S Ni Ca Zn Pb Mg Sr Fe V Mn Ti P      

ICP 
Be B Co As Se Mo Ag Cd Sb Te U Cl Tl    

IC Cl- Br- NO3- SO4=  H+  Na+  NH4+  K+  MSA     
   

 

Br ï Multiple Analyses 

Cu ï Available after 1997 

Multiple Analysis

Available after 1997

BC ïsince 1990 by aethelometer 
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Trends: 1981 to 2007
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Decreasing Species
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Sirois and Barrie, 1999
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H+
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Decreasing Species

BC
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Decreasing Species

Pb

Year
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Stationary Species

Na
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Stationary Species

Al
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Stationary Species

Mn

19
80

19
82

19
84

19
86

19
88

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

20
06

20
08

0

2

4

6

8

10



Science and Technology Branch

Environment Canada

Zn
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Increasing Species

NO
3
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*** if trend at Ŭ =  

0.001 level of  

significance

**   if trend at Ŭ = 

0.01 level of 

significance

*     if trend at Ŭ = 

0.05 level of 

significance

+    if trend at Ŭ = 

0.1 level of 

significance

Mann-Kendall 
Trend 

  
Time 
series 

  
First 
Year 

  
Last 
Year 

 
Total 

Sample 
No. 

Test S Test Z 

 
Significance 

 
Sen's Slope 
Estimate - Q 

SO4
2-

 - Jan 1981 2007 27  -4.71 *** -37.624 

SO4
2-

 - Feb 1981 2007 27  -4.13 *** -42.690 

SO4
2-

 - Mar 1981 2007 27  -3.84 *** -46.801 

SO4
2-

 - Apr 1981 2007 27  -4.67 *** -65.377 

H+ - Jan 1981 2007 26   -3.79 *** -0.308 

H+ - Feb 1981 2007 26   -3.61 *** -0.406 

H+ - Mar 1981 2007 26   -3.61 *** -0.446 

H+ - Apr 1981 2007 26   -4.10 *** -0.746 
NO3

-
 - Jan 1981 2007 27  -0.08  -0.153 

NO3
-
 - Feb 1981 2007 27  0.88  0.510 

NO3
-
 - Mar 1981 2007 27  2.46 * 1.426 

NO3
-
 - Apr 1981 2007 27  3.38 *** 2.590 

BC - Jan 1990 2006 17  -2.84 ** -5.609 

BC - Feb 1990 2006 17  -3.17 ** -8.264 

BC - Mar 1990 2006 17  -3.58 *** -8.753 

BC - Apr 1990 2006 17  -2.10 * -4.222 

Cu - Jan 1981 2003 23   -2.17 * -0.053 

Cu - Feb 1981 2003 23   -2.64 ** -0.084 

Cu - Mar 1981 2003 23   -2.01 * -0.066 

Cu - Apr 1981 2003 23   -2.27 * -0.039 

Pb - Jan 1981 2003 23   -1.64   -0.059 

Pb - Feb 1981 2003 23   -0.90   -0.043 

Pb - Mar 1981 2003 23   -1.80 + -0.058 

Pb - Apr 1981 2003 23   -1.85 + -0.043 

Zn - Jan 1981 2003 23   -1.58   -0.142 

Zn - Feb 1981 2003 23   -2.22 * -0.183 

Zn - Mar 1981 2003 23   -0.63   -0.159 

Zn - Apr 1981 2003 23   -1.69 + -0.071 

Ni - Jan 1981 2003 23   -2.59 ** -0.014 

Ni - Feb 1981 2003 23   -1.53   -0.015 
Na - Jan 1981 2007 27  0.50  1.239 

Na - Feb 1981 2007 27  0.71  2.367 

Al - Feb 1981 2003 23   -1.64   -0.518 

Al - Mar 1981 2003 23   -1.53   -0.414 
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Seasonal Variations
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