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OverviewOverview

• Why are we here?

• How did we get here?

• Where do we go from here?g



MATS LimitsMATS Limits

0.024 0.024 μμg/g/dscmdscm



NIST CalibratorsNIST Calibrators

• TodayToday
0‐10 μg/dscm
low point of 2 7low point of 2.7 

• Someday
0 1 μg/dscm0‐1 μg/dscm
low point of 0.2

MATS Li i 0 024
Source: EPRI CEMS, 2012, Thermo Supergroup

• MATS Limit = 0.024



Two new unitsTwo new units

• Permitted at 0 1 μg/dscmPermitted at 0.1 μg/dscm

• Sorbent trap monitoring

i d b k• Two primary and two back‐up systems

0 00350 0035 //dd0.00350.0035 μμg/g/dscmdscm



What are we talking about?What are we talking about?

• Sorbent traps used to measure mercurySorbent traps used to measure mercury

• Method 30B (and modified)

f S ifi i 2• Performance Specification 12B



The JourneyThe Journey

•• 20 years in the making20 years in the making20 years in the making20 years in the making

•• MESAMESA

SS•• FAMSFAMS

•• QSEMQSEM

•• EPA Method 324 (2003)EPA Method 324 (2003)

•• Part 75 Appendix KPart 75 Appendix KPart 75 Appendix KPart 75 Appendix K

•• Part 60 Method 30BPart 60 Method 30B

A di B P f S ifi i 12BA di B P f S ifi i 12B•• Appendix B Performance Specification 12BAppendix B Performance Specification 12B



PlayersPlayers



What are sorbent traps used for?What are sorbent traps used for?

Testing

Monitoring



TestingTesting

RATA

MATS Planning

LEE Evaluation

C l E iControl Equipment 
Evaluation

Permit Compliance

EPA Method 30B



MonitoringMonitoring

Hg CEMS 
Back‐up

Performance 
Specification 

12B12B

Hg CEMS 
Alternative



• Simplicity

• NIST‐traceable

• It works

• Cost‐effectiveCost effective



Method 30B
vs

Ontario Hydro Method



STMMS
vs

Hg CEMS



Simplicity

No hazardous chemicals

Simplicity



Simplicity

Simple to ship traps

Simplicity



Simplicity

Simple mechanical equipment

Simplicity



Simplicity

Simple mechanical equipment

Simplicity



Simplicity

No on‐site Hg calibration materials

Simplicity



Simplicity

Permanent systems install in 1‐3 days

Simplicity



Certification Requirements
Hg CEMS versus STMMS 

Hg CEMS STMMSHg CEMS STMMS

7‐day calibration error test RATA

Linearity testLinearity test

3‐level system integrity check

Cycle time testCycle time test

RATA



NIST‐TraceableNIST Traceable

Analytical 
SRMs

F t

Meter 
Calibrations

Factory 
Spikes



It worksIt works

• No Hg transport issuesNo Hg transport issues

• Very low MDL possible

il i Q /QC• Built‐in QA/QC



It worksIt works

• No Hg transport issuesNo Hg transport issues

• Very low MDL possible

il i Q /QC• Built‐in QA/QC

Spike recoverySpike recovery

Breakthrough

Paired trap agreement

Proportional samplingProportional sampling



It’s cost‐effectiveIt s cost effective

but not cheap…but not cheap.

• Hardware about ⅓ the cost of CEMS

O i b ½ f C S• Operating costs about ½ cost of CEMS



Sorbent Trap 101
• Total mercury vapor

Sorbent Trap 101
Total mercury vapor
– Elemental vapor

Oxidized (Ionic) vapor Hg0 + Hg2+
Hg0 Hg2+

– Oxidized (Ionic) vapor
• Sometimes...Particle-bound – HgP

d d d b

Hg + Hg

• Iodated activated carbon
• Paired samplingp g
• Atomic spectrometry analysis





Method 30B TrapsMethod 30B Traps

Section 1Section 1 Section 2Section 2

SpikedSpiked



SamplingSampling



AnalysisAnalysis



1 Extraction1. Extraction

2. Analysis



3.9 Thermal Analysis 3.9 Thermal Analysis 3.10 Wet Analysis means 3.10 Wet Analysis means y
means an analytical

technique where the

y
means an analytical

technique where the

y
an analytical technique 

where the contents of the

y
an analytical technique 

where the contents of thetechnique where the

contents of the sorbent 

t ps  l d si

technique where the

contents of the sorbent 

t ps  l d si

where the contents of the

sorbent tube are first

leached or digested to

where the contents of the

sorbent tube are first

leached or digested totraps are analyzed using

a thermal technique 

traps are analyzed using

a thermal technique 

leached or digested to

quantitatively transfer

leached or digested to

quantitatively transfer

(desorption or

combustion) to release

(desorption or

combustion) to release

the captured Hg to liquid 

solution for subsequent 

the captured Hg to liquid 

solution for subsequent 

the captured Hg in a 

detectable form for

the captured Hg in a 

detectable form for

analysis.analysis.

quantification.quantification.



Analysis – ThermalAnalysis  Thermal 

Ohio Lumex Company, 2012



Thermal Mercury AnalyzersThermal Mercury Analyzers

Ohio Lumex 915+ with RP‐M324

Teledyne Leeman Labs Hydra II CTeledyne Leeman Labs Hydra II C

LECO AMA254

Milestone Inc DMA 80Milestone, Inc. DMA‐80

Nippon Instruments MA‐3000



Analysis – WetAnalysis  Wet

Brooks Rand Labs, 2012



AnalysesAnalyses

• Atomic fluorescence spectrometryAtomic fluorescence spectrometry
(EPA Method 1631, Revision E)

• Atomic absorption spectrometry• Atomic absorption spectrometry
(EPA Method 7473)

G ld l i• Gold amalgamation

• Zeeman‐corrected AAS



Sorbent Trap 102
Speciation

Modified Method 30B





Speciation TrapsSpeciation Traps

Section 1Section 1 Section 2Section 2 Section 3Section 3 Section 4Section 4 Section 5Section 5

PM FilterPM Filter KClKCl CarbonCarbonAGSAGS



Sorbent Trap 103
Monitoring



20032003 20052005 2010201020032003
EU MACTEU MACT

20052005
CAMRCAMR

20102010
PC MACTPC MACT



Testing – 30BTesting  30B



Monitoring – 12BMonitoring  12B



PS12B Sorbent TrapsPS12B Sorbent Traps

Section 1Section 1 Section 2Section 2 Section 3Section 3

SpikedSpiked



Quality AssuranceQuality Assurance
Section 1Section 1 Section 2Section 2 Section 3Section 3

SpikedSpiked

Trap ATrap A

Trap BTrap B



Quality AssuranceQuality Assurance
Section 1Section 1 Section 2Section 2 Section 3Section 3

SpikedSpiked

Trap ATrap A

S i 2 B k h h

Trap BTrap B

• Section 2 Breakthrough



Quality AssuranceQuality Assurance
Section 1Section 1 Section 2Section 2 Section 3Section 3

SpikedSpiked

Trap ATrap A

S i 2 B k h h

Trap BTrap B

• Section 2 Breakthrough

• Section 3 Spike Recovery



Quality AssuranceQuality Assurance
Section 1Section 1 Section 2Section 2 Section 3Section 3

SpikedSpiked

Trap ATrap ATrap A

S i 2 B k h h

Trap BTrap BTrap B

• Section 2 Breakthrough

• Section 3 Spike Recovery

• Paired sorbent trap agreement (%RD)



MATSMATS



MATS RequirementsMATS Requirements

New and existing coal, IGCC 
and petcoke EGU’s will have to 
monitor mercury

– Measure total vapor‐p
phase Hg

– Report units of standardReport units of standard 
(lb/TBtu and/or lb/GWh)

2012 Clean Air Engineering



Nuances

•• No missing data proceduresNo missing data procedures

•• No bias adjustment factorNo bias adjustment factorjj

•• Startup and ShutdownStartup and Shutdown

•• Possible LEE exemptionPossible LEE exemption•• Possible LEE exemptionPossible LEE exemption

2012 Clean Air Engineering



LEE ExemptionLEE Exemption

• Mercury Avg < 10% of limit or PTE <29 lb/yrMercury, Avg < 10% of limit or PTE <29 lb/yr
0.12 lb/Tbtu (0.0013 lb/GWh) for existing units, not 
low‐rank coallow rank coal

• 30‐day stack test annually

Cannot claim LEE if:
• Scrubber with bypass, 
or

• New Unit

2012 Clean Air Engineering



LEE TestingLEE Testing

EPA Method 30B for 30 operating daysEPA Method 30B for 30 operating daysPA Method 30 for 30 operating daysPA Method 30 for 30 operating days
Single point (10% Single point (10% centroidalcentroidal area)area)
EqualEqual‐‐length runs (minimum of three)length runs (minimum of three)EqualEqual length runs (minimum of three)length runs (minimum of three)
1010‐‐day maximum run lengthday maximum run length
HHourly electrical load (MW) if calculatingourly electrical load (MW) if calculatingHHourly electrical load (MW) if calculating ourly electrical load (MW) if calculating 
lblb//GWhGWh
Also may need COAlso may need CO22/O/O22, H, H22O, O, QQstackstackyy 22// 22,, 22 ,, QQstackstack
Certified CEMSCertified CEMS
Daily Reference MethodsDaily Reference Methods

2012 Clean Air Engineering



MonitoringMonitoring 
envelope

2012 Clean Air Engineering



Sorbent trap monitoring at 
d l l l l lridiculously low levels…

• How accurate is it?How accurate is it?

• How reproducible is it?

li bl i i ?• How reliable is it?

• How low can we go?

2012 Clean Air Engineering



AccuracyAccuracy

Hg conc. (μg/dscm)

Run* CRM - Avg CCMMS-AVG DIFF %DIFF
1-1 0.21 0.18 0.03 14.3%
1-2 0.18 0.18 0.00 -0.6%

RM MET80 RATA Results

0.3

0.4

RM 30B
MET-80

1-3 0.19 0.18 0.01 7.4%
1-4 0.16 0.21 -0.05 -29.4%
1-5 0.25 0.20 0.05 21.2%
1-6 0.24 0.22 0.02 10.0%
2 1 0 26 0 29 0 03 9 6% 0.2

0.2

0.3

on
c.

 (u
g/

ds
cm

)*
**

2-1 0.26 0.29 -0.03 -9.6%
2-2 0.30 0.28 0.02 8.0%
2-3 0.24 0.27 -0.03 -13.8%
2-4 0.26 0.27 -0.01 -5.4%
2-5 0.25 0.27 -0.02 -8.4% 0 0

0.1

0.1

H
g 

C
o

5 0 5 0 0 0 8 %

All data 0.231 0.231 0.0004
(n=11) 0.021

9.2%

0.0
1-1 1-2 1-3 1-4 1-5 1-6 2-1 2-2 2-3 2-4 2-5

Run I.D.*

2012 Clean Air Engineering



TraceabilityTraceability

• NIST‐traceable standardsNIST traceable standards

• Analyte spiking

500 traps
3 years

2012 Clean Air Engineering

Mean spike recovery: 98.5%



ReproducibilityReproducibility

0.400

0.300

0.350

Trap A
Trap B

Max RD = 8%

0.200

0.250

Trap B

0.100

0.150

Average RD = 2.4%

0.000

0.050

1 3 5 7 9 11 13 15 17 19 21

g

2012 Clean Air Engineering

RD=|CA‐CB|/(CA+CA) x 100%



ReproducibilityReproducibility

0.7% Difference
64 trap pairsp p

2.4% Difference
47 trap pairs

2012 Clean Air Engineering



ReliabilityReliability



ReliabilityReliability

Case studyCase study
– Dominion Salem Harbor

Compliance monitoring– Compliance monitoring 
since 2008

– Three MET‐80– Three MET‐80 
systems

2012 Clean Air Engineering



MET‐80 Data Validity – Unit 1

Valid

L k h k• Leak check
• Breakthrough < 5%
• Spike Recovery = 75‐125%
• Proportional Flow Rate =± 25%p
• Relative Deviation < 20%

Apr‐08 Jul‐08 Oct‐08 Feb‐09 May‐09 Aug‐09 Nov‐09 Mar‐10 Jun‐10 Sep‐10
Invalid

94% 
reported 

l b lavailability
2012 Clean Air Engineering



MET‐80 Data Validity – Unit 1

Valid

Mean = 0.4 μg/dscm

Apr‐08 Jul‐08 Oct‐08 Feb‐09 May‐09 Aug‐09 Nov‐09 Mar‐10 Jun‐10 Sep‐10
Invalid

94% 
reported 

l b lavailability
2012 Clean Air Engineering



MET‐80 Data Validity – Unit 2

Valid

Mean = 0 5 μg/dscmMean = 0.5 μg/dscm

Mar‐08 Jul‐08 Oct‐08 Jan‐09 May‐09 Aug‐09 Nov‐09 Feb‐10 Jun‐10
Invalid

91% 
reported 

l b lavailability
2012 Clean Air Engineering



MET‐80 Data Validity – Unit 3

Valid

Mean = 0 8 μg/dscmMean   0.8 μg/dscm

Invalid
Jul‐08 Nov‐08 Feb‐09 May‐09 Aug‐09 Dec‐09 Mar‐10 Jun‐10 Oct‐10

96% 
reported 

l b lavailability
2012 Clean Air Engineering



How low can we go?How low can we go?

2012 Clean Air Engineering



2012 Clean Air Engineering



Western BituminousWestern Bituminous

2012 Clean Air Engineering



0 – 0.025 μg/scm0  0.025 μg/scm
0.019

0.021

0.0074

0.0026

0.0074

0.0026

2012 Clean Air Engineering



Take awayTake away

• MATS will require mercury measurements wellMATS will require mercury measurements well 
below 1 μg/scm

• These levels can be measured• These levels can be measured

• Existing units: sorbent trap monitoring or CEMS

• New units: sorbent trap monitoring

2012 Clean Air Engineering



Questions?Questions?

cleanair comcleanair.com

contact@cleanair.com

800‐632‐1619
2012 Clean Air Engineering


