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Groups Elements
Input Output Out/In Total 

Emissions

kg/day % kg/day

Elements        
of Environmental 

Concern

As 23.65 0.20 0.85

1.37

Cd 1.24 0.02 1.42

Hg 0.54 0.31 55.3

Ni 98.20 0.48 0.30

Pb 95.2 0.36 0.38



Station 
#1

Station 
#2

Station 
#3*

Station 
#4

Station 
#5

Station 
#6

Coal feed rate (tonne/h, dry base) 143 335 351 347 400 138
Average mercury content of the coal (mg/kg, dry base) 0.07 0.05 0.058 0.08 0.074 0.05
Average mercury emission rate in flue gas (g/h) 10.9 15.7 12.74 12.84 12.74 6.95

 fraction found in the ash (%) 6.17 13.55 40.3 42.45 57.58 3.33
and fraction found in the flue gas (%) 93.83 86.45 59.7 57.55 42.42 96.67
*Station #3 assumes a split of 40% bottom ash and 60% ESP ash

Mass of mercury normalized to 100%,

Mercury mass balance calculation for six Canadian stations.
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				Station #1		Station #2		Station #3*		Station #4		Station #5		Station #6

		Coal feed rate (tonne/h, dry base)		143		335		351		347		400		138

		Average mercury content of the coal (mg/kg, dry base)		0.07		0.05		0.058		0.08		0.074		0.05

		Average mercury emission rate in flue gas (g/h)		10.9		15.7		12.74		12.84		12.74		6.95

		Mass of mercury normalized to 100%,

		fraction found in the ash (%)		6.17		13.55		40.3		42.45		57.58		3.33

		and fraction found in the flue gas (%)		93.83		86.45		59.7		57.55		42.42		96.67

		*Station #3 assumes a split of 40% bottom ash and 60% ESP ash
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		Mercury speciation based on averaged of three days of sampling for six Canadian stations.

								Station #3*						Station #6

		Parameter		Station #1		Station #2		Station#3		Station #4		Station #5		Station #6

		Total Mercury

		g/h		10.89		15.66		12.742		12.835		12.738		6.947

		Particulate Mercury

		g/h		0.01		0.01		0.037		0.076		0.32		0.005

		% of Total Mercury		0.07%		0.09%		0.29%		0.60%		2.48%		0.1

		Reactive Gaseous Mercury

		g/h		1.27		3.03		2.676		3.683		1.491		0.345

		% of Total Mercury		11.77%		19.30%		20.41%		28.93%		0.12		5.00%

		Total Particulate and Gaseous

		g/h		1.28		3.04		0.625		3.759		1.803		0.351

		% of Total Mercury		11.83%		19.39%		20.70%		29.53%		14.01%		5.00%

		Gaseous Elemental Mercury

		g/h		9.61		12.62		10.029		9.075		10.928		6.596

		% of Total Mercury		88.17%		80.60%		79.30%		70.47%		85.99%		95.00%
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Mercury speciation based on averaged of three 
days of sampling for six Canadian stations. 

Parameter
Station 

#1
Station 

#2
Station#

3
Station 

#4
Station 

#5
Station 

#6

g/h 10.89 15.66 12.742 12.835 12.738 6.947

g/h 0.01 0.01 0.037 0.076 0.32 0.005

g/h 1.27 3.03 2.676 3.683 1.491 0.345

g/h 1.28 3.04 0.625 3.759 1.803 0.351

g/h 9.61 12.62 10.029 9.075 10.928 6.596

Total Particulate and Gaseous

 Gaseous Elemental Mercury

Total Mercury

Particulate Mercury

Reactive Gaseous Mercury
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				Station #1		Station #2		Station #3*		Station #4		Station #5		Station #6
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		Mass of mercury normalized to 100%,

		fraction found in the ash (%)		6.17		13.55		40.3		42.45		57.58		3.33
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		Parameter		Station #1		Station #2		Station#3		Station #4		Station #5		Station #6

		Total Mercury

		g/h		10.89		15.66		12.742		12.835		12.738		6.947

		Particulate Mercury

		g/h		0.01		0.01		0.037		0.076		0.32		0.005

		Reactive Gaseous Mercury
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		g/h		9.61		12.62		10.029		9.075		10.928		6.596
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How to reduce elements  such as Hg ? 
Would it be

environmentally friendly? 

 Selective Mining 
 Nature of Organic Matter in Coal



Selective Mining Approach
What is it?

How it work? 
Selective mining of coal seam is removal of 

high mercury and possibly ash layers 
associated with a coal seam during open cast 
mining. 



Mercury in Alberta’s Sub-bituminous Coal

In seam variation of mercury (mg/kg) and  % ash (in bracket) of a  
coal seam.
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Mercury in Alberta’s Sub-bituminous Coal

In seam variation of mercury (mg/kg) and  % ash (in bracket) of a  
coal seam.
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Concentration of mercury (mg/kg) and ash yield (wt.%) for a seam.



 
 

Description Composition (As Received) 

Lithology Thickness 
(cm) 

Ash 
(%) 

Hg 
(mg/kg) 

1 Coal 64 27.48 0.031 

2 Coal 36 17.16 0.021 

3 Carbonaceous shale 6 52 0.043 

4 Carbonaceous mudstone 40 28.22 0.162 

5 Weathered friable coal 24 47.07 0.216 

6 Coal 0.56 12.83 0.020 
Weighted average for the whole 
coal seam 226 25.9 0.074 

Weighted average for the whole 
coal seam after removal of 3,4, 5 156 20.1 0.025 

 

Variation of mercury (mg/kg) and ash content (%)in 
subbituminous coal a seam.


		Description

		Composition (As Received)



		Lithology

		Thickness


(cm)

		Ash


(%)

		Hg


(mg/kg)



		1 Coal

		64

		27.48

		0.031



		2 Coal

		36

		17.16

		0.021



		3 Carbonaceous shale

		6

		52

		0.043



		4 Carbonaceous mudstone

		40

		28.22

		0.162



		5 Weathered friable coal

		24

		47.07

		0.216



		6 Coal

		0.56

		12.83

		0.020



		Weighted average for the whole coal seam

		226

		25.9

		0.074



		Weighted average for the whole coal seam after removal of 3,4, 5

		156

		20.1

		0.025







Reduction of Emitted Mercury

Mass balance (%) of mercury and fraction (%) found in flue gas and ash, 
speciation of stack emitted mercury (g/hr) and carbon content of fly ash 

(%) in stations A and B.

Hg (g/h) (%)

Station
Type of 

feed
Fraction 
in ash

Fraction 
in flue gas

Total 
emission GEM RGM PM

Carbon 
content

seam 6.2 93.8 10.89 9.61 1.27 0.07 0.13

selected 21.8 78.2 4.60 3.20 1.33 0.043 0.29

seam 13.5 86.5 15.66 12.62 3.03 0.01 0.19

selected 23.2 76.8 10.07 7.36 1.77 0.60 0.26

Hg Speciation (g/h)Hg (%)

PM: particulate mercury

A

B

TGM: total gaseous mercury
GEM: gaseous elemental mercury
RGM: reactive gaseous mercury
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						Hg (%)				Hg (g/h)		Hg Speciation (g/h)						(%)

		Station		Type of feed		Fraction in ash		Fraction in flue gas		Total emission		GEM		RGM		PM		Carbon content

		A		seam		6.2		93.8		10.89		9.61		1.27		0.07		0.13

				selected		21.8		78.2		4.60		3.20		1.33		0.043		0.29

		B		seam		13.5		86.5		15.66		12.62		3.03		0.01		0.19

				selected		23.2		76.8		10.07		7.36		1.77		0.60		0.26

		TGM: total gaseous mercury

		GEM: gaseous elemental mercury

		RGM: reactive gaseous mercury

		PM: particulate mercury

		1999

		2000

		1999

		2000
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		Parameter		Sep. 27, 00		Sep. 28, 00		Sep. 29, 00		Average

		Test Period		14:49		9:33		9:24

				18:01		12:38		12:24

		Sample Volume Collected - m3 (dry)*		3.168		2.908		2.949		3.008

		Total Mercury

		mg/m3		4.06		2.86		3.05		3.323

		g/h		12.54		8.48		9.19		10.07

		Particulate Mercury

		mg/m3		0.03		0.03		0.02		0.0267

		g/h		0.08		0.08		0.06		0.073

		% of Total Mercury		0.64%		0.94%		0.70%		0.76%

		Back Half (Oxidized) Mercury

		mg/m3		1.2		0.82		0.59		0.87

		g/h		3.69		2.44		1.77		2.633

		% of Total Mercury		29.50%		28.70%		19.20%		25.80%

		Total Particulate and Oxidized

		mg/m3		1.22		0.85		0.61		0.893

		g/h		3.77		2.52		1.83		2.707

		% of Total Mercury		30.10%		29.70%		19.90%		26.57%

		Elemental Mercury

		mg/m3		2.84		2.01		2.44		2.43

		g/h		8.76		5.96		7.36		7.36

		% of Total Mercury		69.90%		70.30%		80.10%		73.43%
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				Sep. 27, 00		Sep. 28, 00		Sep. 29, 00		Average		Standard Deviation

		Coal

		Hg*		0.041		0.044		0.051		0.045		0.005

		Bottom Ash

		Hg		0.02		0.01		0.002		0.011		0.009

		C		0.11		0.15		0.53		0.26		0.232

		Fly Ash

		Hg		0.054		0.048		0.082		0.061		0.018

		C		0.32		0.21		0.25		0.26		0.056

		*Concentration of mercury on a dry basis
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		Proximate Analysis

						Test 1		Test 2		Test 3		Average		Standard Deviation

		As-Received Basis		Moisture Content (%)		20.81		24.08		24.24		23.04		1.94

				Ash Content (%)		14.6		12.45		13.6		13.55		1.08

				Volatile Matter (%)		29.42		29.37		27.32		28.7		1.2

				Fixed Carbon (%)		35.18		34.11		34.84		34.71		0.55

				Calorific Value (MJ/kg)		17.9		17.79		17.89		17.86		0.06

		Dry Basis		Ash Content (%)		18.43		16.39		17.96		17.59		1.07

				Volatile Matter (%)		37.15		38.68		36.06		37.3		1.32

				Fixed Carbon (%)		44.42		44.93		45.98		45.11		0.8

				Calorific Value (MJ/kg)		22.6		23.43		23.62		23.22		0.54

		Ultimate Analysis

		Air-Dry Basis		Moisture Content (%)		5.43		5.32		4.38		5.04		0.58

				Ash Content (%)		17.43		15.52		17.17		16.71		1.04

				Carbon (%)		54.33		56.47		56.65		55.82		1.29

				Hydrogen (%)		4.45		4.59		4.53		4.52		0.07

				Nitrogen (%)		1.19		1.2		1.07		1.15		0.07

				Sulphur (%)		0.59		0.58		0.63		0.6		0.03

				Oxygen (%)		16.58		16.32		15.57		16.16		0.52
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		Sampling Date		Test 1		Test 2		Test 3		Average		Standard Deviation

		December 6-8, 1996 (EPA Method)		3		2.9		3.5		3.13		0.32

		July 20-22, 1999 (Ontario Hydro Method)		12.42		11.26		9		10.89		1.74

		November 6-7, 2000 (EPA Method)		3.97		5.16		4.59		4.57		0.6

		Average of Three Sampling Dates		6.46		6.44		5.7		6.2
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		PARAMETER		Nov. 6, 2000		Nov. 7, 2000		Nov. 7, 2000		Average		Standard Deviation

		Test Period		17:02-19:57		8:34-11:32		13:53-16:52

		Sample Volume Collected - m3 (dry)*		2.698		2.876		2.88		2.818		0.104

		Total Mercury

		mg/m3		2.36		3.07		2.72		2.72		0.355

		g/h		3.973		5.164		4.586		4.574		0.596

		Particulate Mercury

		mg/m3		0.03		0.02		0.03		0.03		0.006

		g/h		0.045		0.032		0.048		0.043		0.009

		% of Total Mercury		1.13%		0.61%		1.05%		0.93%		0.003

		Back Half (Oxidized) Mercury

		mg/m3		0.59		0.89		0.9		0.79		0.176

		g/h		1.001		1.498		1.513		1.33		0.291

		% of Total Mercury		25.20%		29.00%		33.00%		29.07%		0.04

		Total Particulate and Oxidized

		mg/m3		0.62		0.91		0.92		0.82		0.17

		g/h		1.046		1.529		1.562		1.372		0.289

		% of Total Mercury		26.40%		29.60%		34.00%		30.00%		0.04

		Elemental Mercury

		mg/m3		1.74		2.16		1.79		1.9		0.229

		g/h		2.924		3.635		3.027		3.202		0.384

		% of Total Mercury		73.60%		70.40%		66.00%		70.00%		0.04





Sheet10

		

		Proximate Analysis

						Test 1		Test 2		Test 3		Average		Standard Deviation

		As-Received Basis		Moisture Content (%)		25.74		24.32		24.71		24.92		0.73

				Ash Content (%)		8.85		9.68		9.72		9.42		0.49

				Volatile Matter (%)		27.82		28.16		27.94		27.97		0.17

				Fixed Carbon (%)		37.59		37.84		37.63		37.69		0.13

				Calorific Value (MJ/kg)		19.09		19.3		19.06		19.15		0.13

		Dry Basis		Ash Content (%)		11.91		12.79		12.92		12.54		0.55

				Volatile Matter (%)		37.47		37.21		37.11		37.26		0.19

				Fixed Carbon (%)		50.62		50.00		49.97		50.20		0.37

				Calorific Value (MJ/kg)		25.71		25.51		25.32		25.51		0.2

		Ultimate Analysis

		Air-Dry Basis		Moisture Content (%)		2.29		2.06		2.13		2.16		0.12

				Ash Content (%)		11.64		12.53		12.64		12.27		0.55

				Carbon (%)		63.45		63.1		62.92		63.16		0.27

				Hydrogen (%)		4.5		4.5		4.53		4.51		0.02

				Nitrogen (%)		1.18		1.3		1.31		1.26		0.07

				Sulfur (%)		0.49		0.51		0.50		0.50		0.01

				Oxygen (%)		16.45		16		15.97		16.14		0.27
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				Total Thickness		Ash		Hg		Hg Removed

				(m)		(%)		(ppm)		(%)

		no removal		2.26		25.1		0.074		0

		98-54-3 removed		2.2		24.3		0.075		-1.38

		98-54-5 removed		1.96		216		0.055		25.59

		98-54-4 removed		1.56		19.8		0.025		66.15

				Weighted Average Mercury = 0.052
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		Description		Hole 98-54		Depth-from		Depth-to		Thickness		Ash		Hg

						(m)		(m)		(m)		(%)		(ppm)

		Coal		98-54-1		8.3		8.94		0.64		27.5		0.029

		Coal		98-54-2		9		9.36		0.36		17.2		0.01

		Bone coal		98-54-3		9.36		9.42		0.06		52		0.005

		Carbonaceous mudstone		98-54-5		11.2		11.44		0.24		47.1		0.088

		Oxidized coal		98-54-4		11.44		11.84		0.4		28.2		0.096

		Coal		98-54-6		11.84		12.4		0.56		12.8		0.015

		Total thickness (m) = 2.26						Weighted Average Mercury = 0.074
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				Total Thickness		Ash		Hg		Hg removed

				(m)		(%)		(ppm)		(%)

		No removal		2.76		23.9		0.085		0

		98-52-2 removed		2.36		23.1		0.081		4.8

		98-52-5 removed		2.26		18		0.067		21.17

		98-52-6 removed		1.81		20		0.055		34.67

				Weighted Average Mercury    =   0.055
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		Description		No removal

				Hole 98-7		Depth-from		Depth-to		Thickness (m)		Ash		Hg

						(m)		(m)				(%)		(ppm)

		Coal		98-52-1		12.43		12.6		0.17		30.2		0.007

		Bone coal		98-52-2		13.35		13.75		0.4		28.7		0.064

		Mudstone		98-52-3		14.47		14.62		0.15		48.2		0.01

		Oxidized coal		98-52-4		14.62		15.2		0.58		22		0.056

		Carbonaceous Mudstone		98-52-5		15.2		15.65		0.45		30.4		0.075

		Mudstone		98-52-6		15.65		15.75		0.1		45.6		0.058

		Coal		98-52-7		15.75		16.66		0.91		12.09		0.068

		Total thickness (m) = 2.76						Weighted Average Mercury =						0.085
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				Total Thickness		Ash		Hg		Hg removed

				(m)		(%)		(ppm)		(%)

		No removal		3.44		17		0.036		0

		98-7-8 removed		3.39		16.3		0.035		1.72

		98-7-10 removed		3.34		15.6		0.035		1.8

		98-7-2 removed		3.2		15.1		0.028		21.6

		98-7-4 removed		2.95		13.7		0.023		35.36

		Weighted Average Mercury =						0.0311
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		Description		No removal

				Hole 98-7		Depth-from		Depth-to		Thickness (m)		Ash		Hg

						(m)		(m)				(%)		(ppm)

		Coal		98-7-7		11.8		12.16		0.36		12.3		0.014

		Carbonaceous mud		98-7-8		12.16		12.21		0.05		64.5		0.006

		Coal		98-7-9		12.48		13.1		0.62		15.2		0.013

		Mudstone		98-7-10		13.1		13.15		0.05		63.4		0.006

		Coal		98-7-1		14.4		14.54		0.14		19.2		0.005

		Bone coal		98-7-2		14.56		14.7		0.14		27		0.025

		Coal		98-7-3		14.87		15.03		0.16		16.2		0.005

		Bone coal		98-7-4		15.03		15.28		0.25		30.8		0.042

		Coal		98-7-5		15.28		16.9		1.62		11.6		0.054

		Carbonaceous sand		98-7-6		16.9		16.95		0.05		52.3		0.001

		Total thickness (m) = 3.44				Weighted Average Mercury =								0.036
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				Total		Ash		Hg		Hg Removed

				Thickness		(%)		(ppm)		(%)

		No removal		1.9		19.54		0.024		0

		14412 removed		1.83		18.03		0.017		29.9

		14413 removed		1.7		17.2		0.014		42.9

		14410 removed		1.65		15.84		0.012		48.7

		14414 removed		1.35		9.56		0.008		66.6

				Weighted Average Mercury = 0.013
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		Description		Cut 13-50		Depth-from		Depth-to		Thickness		Ash		Hg

						(m)		(m)		(m)		(%)		(ppm)

		Coal		14415		1.6		1.9		0.3		13.43		0.002

		Coal		14414		1.3		1.6		0.3		44.11		0.014

		Bone coal		14413		1.17		1.3		0.13		28.87		0.013

		Mudstone		14412		1.1		1.17		0.07		59.01		0.022

		Coal		14411		0.4		1.1		0.7		9.89		0.01

		Carbonaceous shale		14410		0.35		0.4		0.05		62.11		0.002

		Coal		14409		-		0.35		0.35		5.59		0.002

		Total thickness (m) = 1.55						Weighted Average Mercury = 0.024
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Reduction of Mercury –Influence of Selective Mining
We were able to reduce emitted mercury form 94 kg/y to 39 kg/y and from 135kg/y to 
87kg/y  by remove high mercury component of coal seams used as feed coal. Most of 

reduced mercury is from gaseous elemental mercury fraction



 Coal Geology, depositional environment of 
coal

 Variation in organic matter and natural 
char content of coal

Factors influencing the reduction of 
mercury from Alberta power plants burning 

Sub-bituminous coal
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Depositional 
Environment

          Reactive          
Vitrinites (%) 

76.2 75 54.2 46 48.5

Liptinites (%) 2.4 4.0 4.5 3.4 3.0
          Less Reactive 
Inertinites (%)

14.2 14.0 35.4 37.6 43.8

Mineral Matter (%) 7.2 7.0 5.9 13.0 4.7

FreshwaterBrackish

Variation of organic matter in sub-bituminous feed coals used 
in Alberta power plants.
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		Range of mercury concentrations (ppm) in Alberta Plains region and in-situ coals* containing 5 to 80% ash.

		Element		Vesta1		Paintearth2		Montgomery3				Highvale4				Whitewood5				Genesee6				World7

		Hg		N/A		0.010-0.150*		0.010 - 0.150*				0.015 - 0.150*				0.010 - 0.170*				0.010 - 0.460*				0.020-1.000

		N/A = not available  *these values represent parting(s) and interbeded rocks in coal seam

		1 Vesta Mine values are based on seams 2 and 3 (Gentzis and Goodarzi, 1997a)

		2 Paintearth Mine values are based on seams 3 and 4 (Gentzis and Goodarzi, 1998)

		3 Montgomery Mine values are based on seams L1 and L2 (Gentzis and Goodarzi, 1998)

		4 Highvale Mine values are based on drill hole samples from all coal seams (Gentzis and Goodarzi, 1995)

		5 Whitewood Mine values are based on surface samples from all coal seams (Gentzis et al., 1996)

		6 Genesee Mine values are based on seam 2 only (Goodarzi, 1998, Pollock et al., 2000)

		7 World after Swaine (1990)
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		Average mercury concentration  (ppm) in coals* (< 25 % ash) used as feed in Alberta power plant

		Element		Vesta1		Paintearth2		Montgomery3		Highvale4				Whitewood5				Genesee6

		Hg		0.05		0.07		0.07		0.08				0.05				0.058

		*these coal contains no thick parting(s)

		1 Vesta Mine values are based on seams 2 and 3 (Gentzis and Goodarzi, 2000)

		2 Paintearth Mine values are based on seams 3 and 4 (Gentzis and Goodarzi, 2000)

		3 Montgomery Mine values are based on seams L1 and L2 (Gentzis and Goodarzi, 2000)

		4 Highvale Mine values are based on drill hole samples from all coal seams (Gentzis and Goodarzi, 2000)

		5 Whitewood Mine values are based on surface samples from all coal seams (Gentzis and Goodarzi, 2000)

		6 Genesee Mine values are based on seam 2 only (Goodarzi 1998, Pollock et al., 2000)
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		Location		1**		2**		3*		4*		5*

		Depositional Environment		Brackish				Freshwater

		Reactive          Vitrinites (%)		76.2		75		54.2		46		48.5

		Liptinites (%)		2.4		4.0		4.5		3.4		3.0

		Less Reactive Inertinites (%)		14.2		14.0		35.4		37.6		43.8

		Mineral Matter (%)		7.2		7.0		5.9		13.0		4.7
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				Wabamun		Keephills		Sundance		Genesee		Battle River		Sheerness

		Power1 (MW)		590		806		750		828		675		802

		Hg (g/h)		7.190		12.800		12.700		12.700		10.500		10.070

		Hg (g/MW)		0.012		0.016		0.017		0.015		0.016		0.013

		1 gross generating capacity; 2 Goodarzi, 2000a & b, 32001a& b, 4 2002
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				July 20		July 21		July 22		Average		Standard Deviation

		As-fired coal feed rate (Mg/h)		194.9		197.4		200		197.4		2.55

		As-fired moisture content of the coal (%)		27.2		27.7		28.6		27.83		0.71

		Dry-basis (DB) coal feed rate (Mg/h)		141.9		142.7		142.8		142.5		0.49

		Average mercury content of the coal (DB) (mg/kg)		0.0685		0.076		0.0549		0.07		0.01

		Inlet mercury mass flow rate (g/h)		9.719		10.85		7.84		9.47		1.52

		Ash content of the coal (DB, carbon-free) (%)		20.8		16.3		12		16.37		4.4

		DB carbon-free ash mass flow rate (Mg/h)		29.52		23.26		17.14		23.31		6.19

		Average DB carbon content of bottom ash (%)		0.9		5.85		1.93		2.89		2.61

		Average DB carbon content of ESP fly ash (%)		0.13		0.12		0.13		0.13		0.01

		Assuming a split of 25% bottom ash and 75% ESP ash, the average carbon content of the ash		0.32		1.55		0.58		0.82		0.65

		Total estimated ash flow, including carbon (Mg/h)		29.43		23.63		17.24		23.43		6.1

		At 25% of total ash, bottom ash mass flow rate (Mg/h)		7.36		5.91		4.31		5.86		1.53

		Average Bottom ash mercury content (DB) (mg/kg)		0.0261		0.0153		0.0124		0.02		0.01

		Mercury released in the bottom ash (g/h)		0.192		0.09		0.053		0.11		0.07

		At 75% of total ash, ESP fly ash mass flow rate (Mg/h)		22.07		17.72		12.93		17.57		4.57

		Average mercury content of the ESP fly ash (DB) (mg/kg)		0.0343		0.04		0.0362		0.04		0

		Mercury released in ESP ash (g/h)		0.757		0.709		0.468		0.64		0.15

		Total outlet mercury mass flow rate in ash (g/h)		0.95		0.799		0.521		0.76		0.22

		Average mercury emission rate in flue gas (g/h)		12.42		11.26		9		10.893		1.739

		Total outlet mercury mass flow rate (g/h)		13.37		12.06		9.521		11.65		1.96

		Mercury mass balance, outlet versus inlet (%)		138		111		121		123.33		13.65

		Of this, fraction found in the ash (%)		10		7		6		7.67		2.08

		and fraction found in the flue gas (%)		128		104		115		115.67		12.01

		Normalized to 100%, fraction found in the ash (%)		7.25		6.31		4.96		6.17		1.15

		and fraction found in the flue gas (%)		92.75		93.69		95.04		93.83		1.15
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		Table 17

		Mercury mass balance calculations for Sheerness station during July 1999 tests.

				July 24		July 25		July 26		Average		Standard Deviation

		As-fired coal feed rate (Mg/h)		454.5		460.9		438.9		451.4		11.32

		As-fired moisture content of the coal (%)		26.9		25.7		26.8		26.47		0.67

		Dry-basis (DB) coal feed rate (Mg/h)		332.2		342.4		331.3		335.3		6.17

		Average mercury content of the coal (DB) mg/kg		0.0272		0.087		0.0458		0.053		0.03

		Inlet mercury mass flow rate (g/h)		9.037		29.79		19.81		19.52		10.34

		Ash content of the coal (DB, carbon-free) (%)		12.4		18.8		19.8		17		4.01

		DB carbon-free ash mass flow rate (Mg/h)		41.19		64.52		63.64		36.45		29.84

		Average DB carbon content of bottom ash (%)		1.64		11.6		5.52		6.25		5.02

		Average DB carbon content of ESP fly ash (%)		0.16		0.18		0.23		0.19		0.04

		Assuming a split of 25% bottom ash and 75% ESP ash, the average carbon content of the ash		0.55		3.04		1.55		1.71		1.25

		Total estimated ash flow, including carbon (Mg/h)		41.43		66.54		64.65		57.54		13.98

		At 25% of total ash, bottom ash mass flow rate (Mg/h)		10.36		16.64		16.16		14.39		3.5

		Average Bottom ash mercury content (DB) (mg/kg)		0.0025		0.0027		0.0083		0.0045		0.0033

		Mercury released in the bottom ash (g/h)		0.026		0.045		0.134		0.2		0.22

		At 75% of total ash, ESP fly ash mass flow rate (Mg/h)		31.07		49.91		48.48		43.15		10.49

		Average mercury content of the ESP fly ash (DB) (mg/kg)		0.047		0.0589		0.0612		0.06		0.01

		Mercury released in ESP ash (g/h)		1.46		2.939		2.967		2.46		0.85

		Total outlet mercury mass flow rate in ash (g/h)		1.486		2.984		3.101		2.52		0.9

		Average mercury emission rate in flue gas (g/h)		13.07		17.25		16.66		15.66		2.26

		Total outlet mercury mass flow rate (g/h)		14.56		20.23		19.76		18.18		3.15

		Mercury mass balance, outlet versus inlet (%)		161		68		100		109.67		47.25

		Of this, fraction found in the ash (%)		16		10		16		14		3.46

		and fraction found in the flue gas (%)		145		58		84		95.67		44.66

		Normalized to 100%, fraction found in the ash  (%)		9.94		14.71		16		13.55		3.19

		and fraction found in the flue gas (%)		90.06		85.29		84		86.45		3.19
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		Comparison of boron (mg/kg), inertinite (%), and Hg (mg/kg) content of milled coal with carbon (%), and Hg content (mg/kg) of feed coal and ESP fly ash.

		Depositional Environment				Station		Boron content of milled coal (mg/kg, dry basis)		Percent inertinite in milled coal		Hg content of milled-coal (mg/kg, dry basis)		Percent carbon in fly ash		Hg content in fly ash (mg/kg, dry basis)		Hg in flue Gas (%) (normalized to 100%)

		Brackish**		Group A		1		217		14.0		0.066		0.13		0.094		94

						2		266		14.2		0.053		0.26		0.061		86

		Fresh Water*		Group B		3		75		35.4		0.058		0.52		0.131		60

						4		69		43.8		0.075		2.72		0.157		58

						5		49		43.6		0.074		1.32		0.24		42

				Group C		6***		51		37.6		0.051		1.27		0.005		97

		*Scollard Formation; **Horseshoe Formation; ***Hot side ESP
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		Table 1

		Maceral content (%) of subbituminous feed coals used in Alberta power plants.

		Depositional Environment		Brackish**				Fresh Water*

		Group		A				B						C

		Station		1		2		1		2		3		1

		Boron content (mg/kg, dry basis)		217		266		75		69		49		51

		Total Vitrinites (%)		75		76.2		54.2		48.5		47.8		46

		Total Liptinites (%)		4		2.4		4.5		3		3.2		3.4

		Total Inertinites (%)		14		14.2		35.4		43.8		43.6		37.6

		Total Mineral Matter (%)		7		7.2		5.9		4.7		5.4		13

		Inertinite Group (%)

		Fusinite		3.6		3		8.7		13.9		14.6		15.2

		Semifusinite		1.8		2.8		11.5		12		9.2		7.2

		Inertodetrinite		3.8		4.9		10		12.2		13.2		10.2

		Funginite/Sclerotinite		1.6		0.2		-		-		-		-

		Macrinite		1.2		2.3		4.7		4		3.8		4

		Micrinite		2		1		0.5		1.7		2.8		1

		Total Inertinites:		14		14.2		35.4		43.8		43.6		37.6

		*Scollard Formation **Horseshoe Formation







vitrinite

inertoditrinite

vitrinite

inertinite

resinite

liptinite

a.

50 mµ

50 mµVitrinitic char

Pr
e-

co
m

bu
st

io
n

Po
st-

co
m

bu
sti

on

50 mµ
Inertinitic char

Vitrinitic char

inertinite

vitrinite

50 mµ

Inertinitic char

inertinite

Fusinite

Semi-

b. c.

f.e.d.

Transformation of Organic matter from  feed-coal  to char in fly ash.  
a. The reactive organic matter produce a spongy  char with large surface area coal 

b. A combination of reactive  and natural  char produces a char with less spongy 
appearance  that contains  inertinitic particles.

c. Natural char (inertinite) remains almost  unchanged after combustion. 



0

5

10

15

20

25

30

35

40

45

50

0.0 0.5 1.0 1.5 2.0 2.5 3.0

% carbon in fly ash

%
 In

er
tin

ite
 in

 fe
ed

 c
oa

l  
 

A

C

1 2

3

45

6

B

Variation of inertinite in feed coal (%) with carbon content in fly ash (%) 
for Alberta power plants



Variation of mercury content in emitted  from stack with inertinite content 
in feed coal for Alberta power plants.
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Figure1. Variation of inertinite in feed coal (%) with carbon content in fly ash (%) for Alberta power plants  1 through 6 and groups A,B,C. (see table 1)
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Table 1

		

						Percent				g/h		Speciation (g/h)						%

		Group		Station		Fraction in ash		Fraction in flue gas		Total emission		GEM		RGM		PM		Inertinite in feed coal		Carbon content in fly ash

		A		1		6.2		93.8		10.89		9.61		1.27		0.07		14.2		0.13

				2		13.5		86.3		15.66		12.62		3.03		0.01		14.0		0.19

		B		3		40		60.0		12.74		10.0		2.68		0.04		35.4		0.29

				4		42		53.0		12.83		9.1		3.68		0.08		43.8		2.72

				5		58		42.0		12.73		10.9		1.49		0.32		44.0		1.32

		C		6		3.3		96.7		6.95		5.96		0.34		0.005		37.8		0.29
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The mitigation strategies for reduction of 
Hg prior to combustion

Role of carbon (char) in capture of Hg.
Char in fly ash can capture up to 60% of 

input of mercury
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Station A

				Test 1		Test 2		Test 3

		PM>10		52.63%		20.59%		20.00%

		PM10		15.80%		44.12%		53.33%

		PM2.5		31.60%		35.29%		26.67%

		Sizing Distribution (mg/m3)

				Test 1		Test 2		Test 3

		12.5		7.02		2.62		2.06

		6.25		2.26		5.22		5.65

		1.25		4.09		4.28		2.91

		Sizing Distribution (Kg/MWh)

				Test 1		Test 2		Test 3

		12.5		0.024		0.009		0.007

		6.25		0.007		0.018		0.02

		1.25		0.015		0.015		0.01

				Test 1		Test 2		Test 3

		12.5		52.63%		20.59%		20.00%

		6.25		15.80%		44.12%		53.33%

		1.25		31.60%		35.29%		26.67%
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Chart2A
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Station B

				Test 1		Test 2		Test 3

		12.5		28.85%		28.86%		28.86%

		6.25		35.66%		35.69%		35.67%

		1.25		35.49%		35.49%		35.47%

		Sizing Distribution (mg/m3)

				Test 1		Test 2		Test 3

		12.5		2.83		2.48		3.29

		6.25		3.49		3.07		4.07

		1.25		3.48		3.05		4.04

		Sizing Distrubution (kg/MWh)

				Test 1		Test 2		Test 3

		12.5		0.011		0.009		0.012

		6.25		0.014		0.011		0.015

		1.25		0.013		0.011		0.015
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Chart2B
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Chart8
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station C

				Test 1		Test 2		Test 3

		PM>10		54.09%		48.39%		29.36%

		PM10		38.41%		42.76%		54.78%

		PM2.5		7.50%		8.85%		15.83%

		Sizing Distribution (mg/m3)

				Test 1		Test 2		Test 3

		12.5		36.80		30.72		11.76

		6.25		26.13		27.15		21.93

		1.25		5.10		5.62		6.34

		Sizing Distribution (Kg/MWh)

				Test 1		Test 2		Test 3

		12.5		0.047		0.054		0.055

		6.25		0.048		0.055		0.057

		1.25		0.011		0.013		0.013

				Test 1		Test 2		Test 3

		12.5		54.09%		48.39%		29.36%

		6.25		38.41%		42.76%		54.78%

		1.25		7.50%		8.85%		15.83%
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Chart1C (2)
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Chart2C (2)
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20 mµ

11.8 mµ
17.6 mµ

7 mµ

3.4 mµ

9 mµ

13 mµ

5.4 mµ

a.

20 mµ

2.3 mµ

2 mµ
3 mµ

6.4 mµ

9 mµ

4 mµ

5.4 mµ

c

5 mµ

a. 
2.7 mµ

1.6 mµ

2.1 mµ

Particle size (PM) distribution in stack gas emitted from Station A as determined using EPA Method 201A 
sample train (modified to include PM2.5) and SEM/EDX, carbon coated, natural surface.  a. PM>10
fractions contain particles 17.6µm and less. b. PM10 fraction contains particles 11µm and less.  d.  PM2.5
fraction contains particles 9µm and less. e. Hollow sphere (cenospheres). e.  PM2.5 fraction consists mostly 
of spherical particles of 3.1µm and less. 



Calculated emissions of elements from 
the stack in grams/hour (g/h) with 

enrichment indices 
Elements PM>10

RE**
PM10

RE
PM2.5

RE
Sum

g/h g/h g/h g/h

Elements of Prime Environmental Concern

As1  0.18 0.57 0.37 1.18 1.27 4.04 1.82

Cd1 BDa NAb BD NA 0.07 1.32 0.07

Cr2 0.75 0.33 2.3 1.01 3.11 1.35 6.2

Cu1 BD NA BD NA 0.91 0.46 0.91

Mo1 BD NA BD NA 1.97 0.74 1.97

Ni1 0.23 0.19 2.8 2.2 10.4 8.4 13.4

Pb1 0.49 0.21 0.98 0.42 1.11 0.47 2.6

V2 0.2 0.06 0.9 0.26 5.28 1.51 6.4

Zn1 101.7 23.5 8.4 1.9 4.3 1 114



Results

The total particles emitted from coal-fired power in 
this studies are:

0.041, 0.044 kg/MWh for the modern power plants 
which is below guideline of 0.095 kg/MWh.

However, older power plant emits 0.118kg/MWh.



New direction

Pathway and Impact of Toxic Substances 
from Anthropogenic and Geogenic Sources 
on Canadian Land (water and soil) and 
Their Health Implication 



What Next
The Health and Environment Program

Moving forward towards what we thought could and 
should be done in second phase of MITE

 Determination of the anthropogenic and geogenic flux of elements and 
particles  on Canadian land (soil) and water (lakes and stream), their 
health implication, and including,  a transact from Alberta to Yukon, 
Arctic and Ice-cores study. 

 Participation in the second phase of Canada-wide study of mercury 
emitted from coal fired power plant-reduction.

 Health impact study (elements & PAHs) of produced water from CBM 
and Tight Gas exploration and  self burning coal seams 

 Participation in Environmental Assessments studies
 International activities and transfer of knowledge as related to health 

hazard elements (Hg As, Cr) in China , India, Greece, The Netherlands 
and USA.



Health effects of elements 
(Swaine and Goodarzi 1995)

Deficient Toxic

Normal health

Lethal

Survival

Concentration of element
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Cr3+ Cr6+



C             A            N            A            D            A
Alberta
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