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Where do we look at?
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Measurements of Total Gaseous Mercury (TGM)

TGM = Elemental Mercury (Hg®; >98%) + Reactive Gaseous Mercury (RGM)
TGM is detected with a TEKRAN analyser

Instrument features:

e gold amalgamation technique with subsequent AFS-detection

= two parallel gold cartridges operating in alternating modes (continuous)

= time resolution up to 5 min. = daily averages are used for further analysis
- detection limit of < 0.1 ng/ms3 (20 ppg @ 7,5 L samples)

e relative measurement uncertainty of 4-5%

Distance Moon-Earth: 384403 km >€
= 20 ppg = 8 um a’
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Canadian Atmospheric Mercury
Measurement Network

Station Code Province | Latitude | Longitude [ Altitude Period
Alert ALT NU 82.50 -62.33 210 01/95-12/05
Kejimkujik KEJ NS 44.43 -65.21 127| 01/96-12/04
St. Andrews STA NB 45.09 -67.08 80 01/96-12/04
St. Anicet WBZ QC 45.12 -74.28 49| 01/97-12/05
Point Petre PPT ON 43.84 -77.15 75| 11/96-12/05
Egbert EGB ON 44.23 -79.78 251 12/96-12/05
Burnt Island BNT ON 45.81 -82.95 75| 05/98-12/05
Bratt's Lake BRL SK 50.20 -104.72 577 05/01-12/05
Esther EST AB 51.67 -110.20 707| 06/98-04/01
Fort Chipewyan FCH AB 58.78 -111.12 232| 06/00- 07/01
Reifel Island RFL BC 49.10 -123.17 2| 03/99-02/04
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Up-to-dateness:

Change in U.S.
Hg emissions
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Coal plants spew more mercury

Emissions grow in lllinois, nation despite drop in other
pollutants

By Michael Hawthorne
Trihune staff reporter
Prbiiahad Aol 29, 2006

Mercury pollution fram coal-fired power plants is increasing nationwide,
ewven as the Bush administration touts an overall decline in toxic chemicals
released by industry into the environment.

Coal plants in 28 states, including lllinois, put mare mercury into the air
during 2004 than the year before, offsetting lower amounts of the
hazardous metal from plants elsewhere.

| The increase is of particular concern in states like lllinois that rely heavily

on coal to generate electricity, environmental groups say, because
mercury tends to fall back to earth close to its source, and it takes only a
small amount to contaminate waterways.
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Reported U.S. atmospheric Hg emissions

Total atmospheric mercury (HgO +compounds) emissions in the U.S.
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Emission data U.S. and Canadian emissions

Reported U.S. emissions of elemental mercury (HgO)

Total atmospheric Hg® emissions in the U.S.
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Canadian atmospheric (?) Hg emissions

Canadian on-site releases of mercury compounds in kg

9,000 | Source: NPRI database Environment Canada
8.000 Total number of reports

7,000
6,000 -
5,000 -

4,000 -
3,000 -
2,000 -
1,000 -

Emissions in kg

2000 2001 2002 2003 2004

Year

Low comparability to U.S. data: - high variation in number of reports
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Facts:

. Decrease in reported U.S. Hg® emissions from all
Industries by 39.2% between 2000 and 2004

. Canadian Hg emissions from all industries are at
least 10 times lower than U.S. but trends can not
be quantified with same consistency and precision

. !

Questions:

. How do we get equivalent information on the
atmopheric concentrations of Hg? from CAMNet
data for the same time period (target period)?

. What are the spatial differences?
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CAMNet dataset (daily averages)

CAMNET daily averages
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CAMNet - spatial distribution

Total gaseous mercury concentrations at selected CAMMNet sites - Box and Whisker plot
calculated from daily averages of each site (complete datasets 1995-2005)

3.0 T —, e
Can we find similarities between
sites, e.g. categories like

28t background or affected sites???

20 ¢
E
f=7
=
c 15+
=
[T
-

1.0F

s r

O median [ ] 26%-78% | range without outlier
0.0 : : : : : : : : : : :
Alert St.Andrews Foint Petre Bumnt Island Esther Feifel Island
Kejirmkujik St. Anicet Eghert Bratts Lake Fart Chip
CAMMeat site



Introduction Time series
Emission data Spatial distribution

CAMNet TGM dataset Temporal distribution
Trend analysis Categorisation by PCA
Conclusions

CAMNet - temporal distribution

Total gaseous mercury concentrations at selected CAMNet sites - Box and Whisker plot
calculated from daily averages of all stations for each year
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Temporal distribution
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Explaining spatial variance in the TGM data

54% (influence of local sources)

PCA for daily averages 2000 - factor plot
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Linear regressions - slope and significance

Burnt Island - daily averages and linear regression
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Time series analysis — seasonal decompaosition

Burnt Island daily averages after seasonal decomposition

4.0

35 r-Seasonal-decomposition technique is-only applicable -
for more than 5 years of observations !!!
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Trend after Seasogfil Decomposition

Station Start End Days Intercept Slope overall Change | yearly Changeffl overall Change [ Sggnificant
dd/mml/yy |dd/mmlyy ng/m3 ng/(m3 day) ng/m3 % % <0.01

Alert 1/1/1995 | 31/12/2005 4009 1.577] -0.0000136 -0.05 -3.46 yes

Kejimkujik 1/1/1996 | 31/12/2004 3287 1.425] 0.0000144 0.05 3.32 es

St. Andrews 1/1/1996 | 31/12/2004 288 1.486] -0.0000333 -0.11 -7.37 S

St. Anicet 1/1/1997 | 31/12/2005 P36 1.75] -0.0000698 -0.23 -§.46 -13.11 B

Point Petre 5/11/1996 | 31/12/2005 40 2.015 -0.0001 -0.33 -§.81 -16.58

Egbert 30/11/1996| 31/12/2005 3318 1.689| -0.0000111 -0.04 .24 -2.18 V8

Burnt Island 1/5/1998 | 31/12/2005 2800 1.623| -0.0000296 -0.08 -5.11 d

Bratt's Lake 2/5/2001 | 31/12/2005 1702 [not possible (less than 5 years of observations)

Esther 26/06/1998( 22/4/2001 10B2|not possible (less than 5 years of observations)

Fort Chipewyan 17/06/2000| 19/07/2001 W8 [not possible (less than 5 years of observations)

Reifel Island 3/3/1999 | 11/2/2004 D7|not possible (less than 5 years of observations)

Category

WEST 26/06/1998| 31/12/2005 5 1.712 -0.0000755 -0.21

(Median RFL,EST,Fd

EAST 1/1/1996 | 31/12/2004 88 1.465| -0.0000195 -0.06

(Median KEJ,STA)

AFFECTED 5/11/1996 | 31/12/2005 343 1.77 -0.000055 -0.18

(Median WBZ,PPT,EGB

RURAL 1/5/1998 | 31/12/2005 2800 1.623| -0.0000296 -0.08

(BNT)

ALL 1/1/1995 | 31/12/2005 4 4009 1.613| -0.0000151 -0.06

(Median All)

BUT is the overall trend comparable within CAMNet
AND is the trend representative for the target period (2000 — 2004) ???




Representation over time

Trend analysis

Which time period is dominating the trend ?

Mann-Witney U-test - a robust non-parametric test as an alternative to the t-test
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Trend 2000 to 2004 for selected CAMNet stations/categories
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Trend 2000 to 2004 for selected CAMNet stations/categories
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Conclusions |

« Comparability, accuracy and spatial distribution of CAMNet TGM data
are outstanding

* U.S. emission data are consistent and comparable for 2000-2004
- decrease in reported U.S. Hg® emissions from all industries of -39.2%

e Canadian Hg® emissions from all industries are at least a factor of 10
lower but trends can not be quantified with same consistency and
precision
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Conclusions Il

« CAMNet stations can be categorized by 4 major categories
(supported by multivariate techniques)

» Time series analysis helps to reveal linear trends for long-term datasets

* Nearly all stations and categories show significant decrease of TGM
within the time period 1995 to 2005

» absolute trend for target time period (2000 — 2004) is underestimated if
overall linear trend (slope) is applied

 Better to use difference in annual median TGM conc. for target period
-> mostly decreasing trend 2000 — 2004 ranging from -3.8% up to -19%

 reasons for spatial differences should be further investigated
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Why Mercury?

‘a potent neurotoxin - that can cross the blood/brain barrier
2S emission controls

ptible to long range transport
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U.S. emissions of elemental mercury (Hg)

Total atmospheric Hg® emissions in lllinois
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The true story about U.S. Hg emissions

Total atmospheric mercury (HgO + compounds) emissions in lllinois
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Canadian atmospheric Hg emissions

Atrnospheric rmercury emissions in Canada, 1995 to 2000
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Median TGM concentrations over time at selected CAMNet stations/categories

@ = not significant (M-W U-Test, p<0.01)
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