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Questions
• Is there anything besides the Ontario Hydro Method that 

can be used as reference method?

• Can the sorbent traps be used as a reference method 
(RM)?

• Using the protocols as specified in the Clean Air Mercury 
Rule (CAMR), can the sorbent traps pass a relative 
accuracy test audit (RATA)?

• Can the Ohio Lumex analyzer be used to accurately and 
precisely measure mercury in sorbent traps?



Approach

• All sampling was done at the electrostatic 
precipitator (ESP) outlet duct at Reliant Energy’s 
Portland Station.

• Three test series were completed:
– Test Series 1: baseline
– Test Series 2: midlevel of mercury control
– Test Series 3: high level of mercury control

• Sorbent traps were two section traps (no spiked 
section) and were obtained from Frontier 
Geosciences (FGS).



Approach
• Sampling completed for each test series

– 12 paired Ontario Hydro (OH) method trains (reference 
method)

– 12 quad samples of sorbent traps
• Two samples were analyzed in the field using the 

Ohio Lumex mercury analyzer.
• Two samples were sent to FGS for analyses using 

U.S. Environmental Protection Agency (EPA) 1631 
protocols.

• Continuous mercury analyzer (CMM).
• Each set of sampling was 2 hours and was done 

simultaneously.



Reliant Energy’s Portland Station

• 170 MW

• Fires 100% low–medium-sulfur eastern 
bituminous coal.

• ESP for particulate control.

• Tests were piggybacked onto ALSTOM’s
DOE-sponsored Mer-Cure demo project.



Sampling Location
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Requirements to Pass RATA

• If Hg concentration is >1 µg/m3, relative 
difference (RD) for each test method must be 
≤10%; if Hg concentration is ≤1 µg/m3, RD 
must be ≤20%.

• To pass RATA, RA of the sorbent traps must 
be ≤20% of the OH method. 
– Note: For mercury concentrations <5 µg/m3, the 

absolute mean difference between the RM and the 
test method must be <1µg/m3. 



Test Series

Baseline (no mercury control)



Comparison of Ohio Lumex to FGS
Test Series 1

Ohio Lumex Ohio Lumex –– Sorbent Trap, Sorbent Trap, µµg/mg/m33 FGS FGS –– Sorbent Trap, Sorbent Trap, µµg/mg/m33

SampleSample 11 22 AvgAvg RD, %RD, % 11 22 AvgAvg RD, %RD, %

11 8.138.13 8.098.09 8.118.11 0.250.25 7.657.65 7.667.66 7.667.66 0.070.07
22 8.378.37 8.518.51 8.448.44 0.830.83 7.637.63 7.907.90 7.777.77 1.741.74
33 7.777.77 9.109.10 8.438.43 7.887.88 7.827.82 7.827.82 7.827.82 0.000.00
44 10.0910.09 10.1510.15 10.1210.12 0.300.30 8.768.76 8.558.55 8.658.65 1.211.21
55 9.479.47 10.1010.10 9.799.79 3.223.22 8.268.26 7.997.99 8.138.13 1.661.66
66 10.1310.13 10.2310.23 10.1810.18 0.490.49 8.508.50 8.468.46 8.488.48 0.240.24
77 10.2610.26 10.2510.25 10.2610.26 0.050.05 8.508.50 8.998.99 8.748.74 2.802.80
88 10.4910.49 10.1210.12 10.3010.30 1.801.80 8.408.40 8.978.97 8.698.69 3.283.28
99 10.8210.82 9.849.84 10.3310.33 4.744.74 8.398.39 8.438.43 8.418.41 0.240.24
1010 8.968.96 10.2710.27 9.629.62 6.816.81 8.588.58 8.028.02 8.308.30 3.373.37
1111 8.238.23 9.989.98 9.119.11 9.619.61 8.528.52 8.928.92 8.728.72 2.292.29
1212 8.338.33 4.184.18 6.256.25 33.1733.17 6.646.64 6.856.85 6.756.75 1.561.56



Comparison of Sorbent Trap and OH Data
Test Series 1

Sorbent Trap Average, Sorbent Trap Average, 
µµg/mg/m33 OH Method OH Method µµg/mg/m33

SampleSample Avg Avg -- OLOL Avg Avg -- FGSFGS 11 22 AvgAvg RD, %RD, %

11 8.118.11 7.667.66 7.627.62 1.601.60 4.614.61 65.29%65.29%

22 8.448.44 7.777.77 8.138.13 8.488.48 8.318.31 2.11%2.11%

33 8.438.43 7.827.82 8.198.19 8.258.25 8.228.22 0.36%0.36%

44 10.1210.12 8.658.65 9.319.31 7.937.93 8.628.62 8.00%8.00%

55 9.799.79 8.138.13 9.239.23 7.917.91 8.578.57 7.70%7.70%

66 10.1810.18 8.488.48 9.529.52 9.749.74 9.639.63 1.14%1.14%

77 10.2610.26 8.748.74 8.168.16 7.917.91 8.048.04 1.56%1.56%

88 10.3010.30 8.698.69 8.368.36 8.038.03 8.208.20 2.01%2.01%

99 10.3310.33 8.418.41 8.228.22 8.838.83 8.528.52 3.58%3.58%

1010 9.629.62 8.308.30 8.958.95 8.318.31 8.638.63 3.71%3.71%

1111 9.119.11 8.728.72 9.089.08 9.069.06 9.079.07 0.11%0.11%

1212 6.256.25 6.756.75 7.287.28 7.187.18 7.237.23 0.69%0.69%



Statistical Calculations
Test Series I

• Sorbent traps using FGS for analysis

RA = 5.07%
• Number of samples = 9 (12)

• Average OH concentration = 8.46 µg/m3

• Average sorbent trap (FGS) = 8.18 µg/m3

• Std. dev. of samples analyzed by FGS = 0.431 µg/m3



Statistical Calculations
Test Series 1

• Sorbent traps using the Ohio Lumex for analysis
RA = 18.17%

• Number of samples = 9 (12)

• Average OH concentration = 8.46 µg/m3

• Average sorbent trap (Ohio Lumex) = 9.47 µg/m3

• Std. dev. of Ohio Lumex samples = 0.763 µg/m3



Test Series

Midlevel Mercury Control



Comparison of Ohio Lumex to FGS
Test Series 2

Ohio Lumex Ohio Lumex –– Sorbent Trap, Sorbent Trap, µµg/mg/m33 FGS FGS –– Sorbent Trap, Sorbent Trap, µµg/mg/m33

SampleSample 11 22 AvgAvg RD, %RD, % 11 22 AvgAvg RD, %RD, %

11 2.012.01 2.452.45 2.232.23 9.809.80 2.822.82 2.842.84 2.832.83 0.480.48
22 2.042.04 2.122.12 2.082.08 2.152.15 2.222.22 2.062.06 2.142.14 3.743.74
33 1.061.06 0.990.99 1.031.03 3.433.43 0.610.61 0.760.76 0.690.69 10.8210.82
44 3.113.11 3.423.42 3.263.26 4.754.75 3.363.36 3.253.25 3.303.30 1.731.73
55 0.470.47 0.490.49 0.480.48 2.262.26 0.490.49 0.560.56 0.520.52 6.186.18
66 0.570.57 0.600.60 0.580.58 2.012.01 0.470.47 0.610.61 0.540.54 12.4412.44
77 2.102.10 2.232.23 2.172.17 3.093.09 1.971.97 2.042.04 2.002.00 1.661.66
88 2.982.98 3.023.02 3.003.00 0.590.59 2.852.85 2.602.60 2.722.72 4.704.70
99 3.183.18 2.792.79 2.992.99 6.396.39 2.372.37 2.692.69 2.532.53 6.166.16

1010 1.641.64 2.062.06 1.851.85 11.4911.49 1.931.93 1.891.89 1.911.91 0.900.90

1111 2.602.60 2.662.66 2.632.63 1.101.10 2.012.01 2.922.92 2.462.46 18.4118.41
1212 3.323.32 3.413.41 3.373.37 1.241.24 3.023.02 2.772.77 2.902.90 4.274.27



Comparison of Sampling Methods
Test Series 2

Sorbent Traps, Sorbent Traps, µµg/mg/m33 CMMsCMMs OH Method, OH Method, µµg/mg/m33

SampleSample Avg Avg -- OLOL Avg Avg -- FGSFGS µµg/mg/m33 11 22 AvgAvg RD, %RD, %

11

22

33

44

55

66

77

88

99

1010

1111

1212

2.232.23 2.832.83 3.823.82 2.842.84 2.932.93 2.892.89 1.571.57

2.082.08 2.142.14 2.992.99 2.192.19 2.242.24 2.212.21 1.241.24
1.031.03 0.690.69 1.571.57 1.131.13 1.131.13 1.131.13 0.190.19
3.263.26 3.303.30 3.643.64 2.942.94 3.373.37 3.153.15 6.746.74
0.480.48 0.520.52 0.690.69 0.470.47 0.570.57 0.520.52 9.719.71
0.580.58 0.540.54 0.720.72 0.670.67 0.630.63 0.650.65 3.063.06
2.172.17 2.002.00 1.961.96 2.042.04 2.292.29 2.172.17 5.805.80
3.003.00 2.722.72 2.692.69 2.502.50 3.153.15 2.832.83 11.3711.37
2.992.99 2.532.53 2.642.64 3.053.05 3.193.19 3.123.12 2.202.20
1.851.85 1.911.91 2.182.18 1.911.91 2.322.32 2.122.12 9.779.77
2.632.63 2.462.46 3.073.07 2.852.85 2.902.90 2.882.88 0.950.95
3.373.37 2.902.90 3.133.13 3.713.71 3.823.82 3.773.77 1.361.36



Statistical Calculations
Test Series 2

• Sorbent traps using FGS for analysis

RA = 17.00%
• Number of samples = 9 (12)

• Average OH concentration = 2.19 µg/m3

• Average sorbent trap = 2.05 µg/m3

• Std. dev. of samples analyzed by FGS = 0.226 µg/m3



Statistical Calculations
Test Series 2

• Sorbent traps using the Ohio Lumex for analysis
RA = 9.24%

• Number of samples = 9 (12)

• Average OH concentration = 2.19 µg/m3

• Average sorbent trap (Ohio Lumex) = 2.14 µg/m3

• Std. dev. of Ohio Lumex samples = 0.174 µg/m3



Statistical Calculations
Test Series 2

• CMM

RA = 17.03%
• Number of samples = 9 (12)

• Average OH concentration = 2.19 µg/m3

• Average CMM = 2.43 µg/m3

• Std. dev. of samples analyzed CMM = 0.372 µg/m3



Test Series

High-Level Mercury Control 



Comparison of Ohio Lumex to FGS
Test Series 3

Ohio Lumex Ohio Lumex –– Sorbent Trap, Sorbent Trap, µµg/mg/m33 FGS FGS –– Sorbent Trap, Sorbent Trap, µµg/mg/m33

SampleSample 11 22 AvgAvg RD, %RD, % 11 22 AvgAvg RD, %RD, %

11 0.220.22 0.230.23 0.220.22 3.72%3.72% 0.180.18 0.210.21 0.200.20 6.67%6.67%
22 0.170.17 0.140.14 0.150.15 7.79%7.79% 0.150.15 0.140.14 0.150.15 0.43%0.43%
33 0.060.06 0.170.17 0.120.12 47.33%47.33% 0.120.12 0.110.11 0.110.11 4.78%4.78%
44 0.540.54 0.590.59 0.570.57 4.08%4.08% 0.430.43 0.440.44 0.440.44 0.77%0.77%
55 0.350.35 0.300.30 0.320.32 7.96%7.96% 0.250.25 0.260.26 0.260.26 1.88%1.88%
66 0.110.11 0.110.11 0.110.11 4.18%4.18% 0.090.09 0.100.10 0.090.09 4.36%4.36%
77 0.170.17 0.110.11 0.140.14 19.83%19.83% 0.090.09 0.090.09 0.090.09 1.72%1.72%
88 0.130.13 0.160.16 0.150.15 7.74%7.74% 0.110.11 0.120.12 0.120.12 1.22%1.22%
99 0.130.13 0.120.12 0.120.12 3.23%3.23% 0.110.11 0.110.11 0.110.11 1.11%1.11%

1010 0.020.02 0.090.09 0.060.06 58.73%58.73% 0.030.03 0.060.06 0.050.05 30.52%30.52%
1111 0.190.19 0.290.29 0.240.24 21.33%21.33% 0.220.22 0.220.22 0.220.22 1.14%1.14%
1212 0.200.20 0.270.27 0.230.23 13.80%13.80% 0.310.31 0.280.28 0.300.30 4.07%4.07%



Comparison of Sampling Methods
Test Series 3

Sorbent Traps, Sorbent Traps, µµg/mg/m33 CMMsCMMs OH Method, OH Method, µµg/mg/m33

SampleSample Avg Avg -- OLOL Avg Avg -- FGSFGS µµg/mg/m33 11 22 AvgAvg RD, %RD, %

11

22

33

44

55

66

77

88

99

1010

1111

1212

0.220.22 0.200.20 0.880.88 0.300.30 0.650.65 0.480.48 36.63%36.63%

0.150.15 0.150.15 0.370.37 0.220.22 0.330.33 0.280.28 19.14%19.14%
0.120.12 0.110.11 0.220.22 0.230.23 0.300.30 0.270.27 13.74%13.74%
0.570.57 0.440.44 0.470.47 0.520.52 0.410.41 0.470.47 11.93%11.93%
0.320.32 0.260.26 0.300.30 0.300.30 0.360.36 0.330.33 8.97%8.97%
0.110.11 0.090.09 0.160.16 0.110.11 0.220.22 0.170.17 31.45%31.45%
0.140.14 0.090.09 0.070.07 0.100.10 0.140.14 0.120.12 16.51%16.51%
0.150.15 0.120.12 0.090.09 0.150.15 0.260.26 0.210.21 27.24%27.24%
0.120.12 0.110.11 0.090.09 0.140.14 0.240.24 0.190.19 24.71%24.71%
0.060.06 0.050.05 0.050.05 0.130.13 0.320.32 0.220.22 43.16%43.16%
0.240.24 0.220.22 0.150.15 0.260.26 0.320.32 0.290.29 10.78%10.78%
0.230.23 0.300.30 0.210.21 0.370.37 0.480.48 0.420.42 13.08%13.08%



Statistical Calculations
Test Series 3

Measurement Method RA, %

Sorbent Traps Using Ohio Lumex 45.71

Sorbent Traps Using FGS 52.05

CMMs 38.52

Test failed because OH sampling 
did not yield nine valid data points.



Statistical Calculations
Test Series 3

• CMM:  sorbent trap (FGS) as a reference method

RA = 22.23%
• Number of samples = 9 (12)

• Average sorbent trap concentration = 0.19 µg/m3

• Average CMM = 0.21 µg/m3

• Std. dev. of samples analyzed CMM = 0.0504 µg/m3



What Next?
• Similar tests need to be completed at facilities 

burning other coals.
– Texas and North Dakota lignites
– Powder River Basin (PRB)
– Western bituminous coal
– High-sulfur eastern bituminous coal
– Others?

• Quality assurance/quality control (QA/QC) 
protocols must be established for the Ohio 
Lumex or similar instruments that are in line with 
EPA1631.



What Next?
• EPA must recognize the sorbent trap method as 

a valid RM and establish RM protocols for 
sorbent traps similar to OH method.

• It must be noted that in 2003 an EPA 301 
validation study (proposed EPA Method 324) 
was submitted to EPA. 



Contact Information
Energy & Environmental Research Center

University of North Dakota
15 North 23rd Street

Stop 9018
Grand Forks, North Dakota 58202-9018

World Wide Web: www.undeerc.org
Telephone No. (701) 777-5000

Fax No. (701) 777-5181

Dennis L. Laudal
Senior Research Advisor

(701) 777-5138
dlaudal@undeerc.org


	Acknowledgments
	Questions
	Approach
	Approach
	Reliant Energy’s Portland Station
	Sampling Location
	Sorbent Traps
	OH Sampling Probe
	Requirements to Pass RATA
	Test Series
	Comparison of Ohio Lumex to FGS�Test Series 1
	Comparison of Sorbent Trap and OH Data Test Series 1
	Statistical Calculations�Test Series I
	Statistical Calculations�Test Series 1
	Test Series
	Comparison of Ohio Lumex to FGS�Test Series 2
	Comparison of Sampling Methods Test Series 2
	Statistical Calculations�Test Series 2
	Statistical Calculations�Test Series 2
	Statistical Calculations�Test Series 2
	Test Series
	Comparison of Ohio Lumex to FGS�Test Series 3
	Comparison of Sampling Methods Test Series 3
	Statistical Calculations�Test Series 3
	Statistical Calculations�Test Series 3
	What Next?
	What Next?
	Contact Information

