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Why Why multipollutantmultipollutant modeling and modeling and 
assessment capability?assessment capability?

It is the future of the Air Quality It is the future of the Air Quality 
Management system Management system 
Responsive to AQM RecommendationsResponsive to AQM Recommendations
–– Strengthen scientific and technical capacityStrengthen scientific and technical capacity

1.5 Framework for Accountability1.5 Framework for Accountability

–– Develop an integrated program for criteria Develop an integrated program for criteria 
pollutants and hazardous air pollutantspollutants and hazardous air pollutants

4.1 Multi4.1 Multi--pollutant SIPS pollutant SIPS 
4.2 Multi4.2 Multi--pollutant benefits and pollutant benefits and disbenefitsdisbenefits in standard settingin standard setting
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Multipollutant Modeling Capability
For Strategy Analysis: Illustrative Example

Possible Strategy:  Possible Strategy:  
Pulp and Paper Pulp and Paper 

Flue gas Flue gas desulfurizationdesulfurization (wet scrubber)(wet scrubber)
limit SO2 to 2 lb/limit SO2 to 2 lb/ ODTP (ovenODTP (oven--dried dried 

tons pulp production)tons pulp production)
Resulting reductions (industry Resulting reductions (industry 

average)average)

PollutantPollutant ReductionReduction

SO2SO2 78%78%

PM25PM25 99%99%

Organic HAPOrganic HAP 89 to 94%89 to 94%

nonnon--hg metal hg metal 
HAPHAP

70 to 99%70 to 99%

HClHCl 100%100%

HgHg 7070--90%90%



What has been done?What has been done?

Added toxics to CMAQAdded toxics to CMAQ
–– 20 VOC 20 VOC HAPsHAPs added through development of added through development of 

CB4tx, CB4tx, SAPRCtxSAPRCtx mechanismsmechanisms
Updated SMOKE to process Updated SMOKE to process HAPsHAPs and and 
combine HAP/CAP inventories combine HAP/CAP inventories 
Modeled Modeled HAPsHAPs in CMAQ (1999 NEI) in CMAQ (1999 NEI) 
Made NEI more consistent across Made NEI more consistent across CAPsCAPs
and and HAPsHAPs



What are we doing now?What are we doing now?

Adding even more toxics to CMAQAdding even more toxics to CMAQ
–– Nearly 40 Nearly 40 HAPsHAPs being added through being added through 

CB05tx mechanismCB05tx mechanism
Preparing 2002 NEI and ancillary files Preparing 2002 NEI and ancillary files 
needed to implement HAP/CAP needed to implement HAP/CAP 
combination approachcombination approach



A Look at Selected* (Organic GasA Look at Selected* (Organic Gas--phase) phase) 
CB05 Model SpeciesCB05 Model Species

CB05 Model CB05 Model 
speciesspecies DescriptionDescription Active HAP?Active HAP?

FORMFORM formaldehyde (explicit)formaldehyde (explicit) yesyes
ALD2ALD2 acetaldehyde (explicit)acetaldehyde (explicit) yesyes
ALDXALDX lumped C3+ lumped C3+ aldehydesaldehydes
CH4CH4 methane (explicit)methane (explicit)
ETHA ETHA Ethane (explicit)Ethane (explicit)
PARPAR 11--carbon paraffincarbon paraffin
ETHETH EtheneEthene ((explictexplict))
OLEOLE terminal olefinsterminal olefins
IOLEIOLE internal olefinsinternal olefins
TOLTOL toluene (7 carbons) KOH=8.8E3toluene (7 carbons) KOH=8.8E3
XYLXYL xylenesxylenes (8(8--carbons) KOH=3.7E4carbons) KOH=3.7E4
ISOPISOP Isoprene (explicit)Isoprene (explicit)
MEOHMEOH Methanol (explicit)Methanol (explicit) yesyes
ETOHETOH Ethanol (explicit)Ethanol (explicit)
TERPTERP lumped lumped terpeneterpene speciesspecies

* See paper for full list



A Look at Selected* CB05tx A Look at Selected* CB05tx ““TracerTracer”” HAPsHAPs

CB05tx Tracer ToxicsCB05tx Tracer Toxics NameName

Cl2Cl2 molecular chlorinemolecular chlorine

HCLHCL hydrochloric acidhydrochloric acid

BUTADIENE13BUTADIENE13 1,31,3--butadienebutadiene

ACROLEINACROLEIN acroleinacrolein

NAPTHALENENAPTHALENE naphthalenenaphthalene

BENZENEBENZENE benzenebenzene

PROPDICHLORIDEPROPDICHLORIDE 1,21,2--dichloropropanedichloropropane

CL4_ETHECL4_ETHE
TetrachloroethyleneTetrachloroethylene

((percperc))

CARBONTETCARBONTET carbon tetrachloridecarbon tetrachloride

CL2_MECL2_ME methylenemethylene chloridechloride

CHCL3CHCL3 chloroformchloroform

TRIETHYLAMINETRIETHYLAMINE TriethylamineTriethylamine

CB05tx Tracer CB05tx Tracer 
ToxicsToxics NameName

diesel_pecdiesel_pec
Diesel PM Diesel PM -- elemental elemental 

carboncarbon

diesel_poadiesel_poa Diesel PM Diesel PM -- organic carbonorganic carbon

diesel_pso4diesel_pso4 Diesel PM Diesel PM -- sulfatessulfates

diesel_pno3diesel_pno3 Diesel PM Diesel PM -- nitratenitrate

diesel_pmfinediesel_pmfine
Diesel PM Diesel PM -- other fine other fine 

particulateparticulate

diesel_pmcdiesel_pmc
Diesel PM Diesel PM -- coarse coarse 

particulateparticulate

beryllium_coarseberyllium_coarse
Beryllium compounds Beryllium compounds --

fine particulatefine particulate

beryllium_fineberyllium_fine
Beryllium compounds Beryllium compounds --

coarse particulatecoarse particulate

cadmium_coarsecadmium_coarse
Cadmium compounds Cadmium compounds --

coarse particulatecoarse particulate

cadmium_finecadmium_fine
Cadmium compounds Cadmium compounds --

fine particulatefine particulate

PLUS:   Lead, manganese, nickel, PLUS:   Lead, manganese, nickel, hexavalenthexavalent
chromium, trivalent chromiumchromium, trivalent chromium

Diesel PM & metals
Organic and other gases

* See paper for full list



Two Ways to Combine HAP/CAP Two Ways to Combine HAP/CAP 
Using the HAP inventory Using the HAP inventory 

VOC from 
inventory

HAP VOC from  
inventory

Create NONHAPVOC:
= VOC – sum( HAP VOC)

Model species

Integrate CaseIntegrate Case NoNo--Integrate CaseIntegrate Case

Keep only active or 
tracer HAP model 
species

HAP VOC 
from inventory

VOC  from 
inventory

Model Species

SPECIATION:
• Speciate VOC to model species 
other than HAP (profile sum can be 
<1) 
• Map HAP to HAP model species

SPECIATION:
• Speciate nonHAPVOC to model 
species other than HAP model 
species
• Map HAP to model species



Determining Sources in 2002 NEI Determining Sources in 2002 NEI 
that could use the Integrate casethat could use the Integrate case
1) All VOC 1) All VOC HAPsHAPs and VOC are uniformly and VOC are uniformly 
submitted by the State or are computed by submitted by the State or are computed by 
EPA; EPA; 
2) The sum of VOC 2) The sum of VOC HAPsHAPs is less than or is less than or 
equal to the VOC.equal to the VOC.
3)  The particular VOC 3)  The particular VOC HAPsHAPs can be can be 
mapped to model species.mapped to model species.



Inventory Analysis Covered Largest Inventory Analysis Covered Largest 
VOC sourcesVOC sources

Analyzed:Analyzed:
–– NonpointNonpoint (8 million)(8 million)
–– OnroadOnroad (4.6 million)(4.6 million)
–– NonroadNonroad* (3 million)* (3 million)

Did yet not analyzeDid yet not analyze
–– Point (1.7 million)Point (1.7 million)
–– Point fires wild & prescribedPoint fires wild & prescribed
–– aircraft, locomotives commercial marine (.1 million)aircraft, locomotives commercial marine (.1 million)

* excluding aircraft, locomotives commercial * excluding aircraft, locomotives commercial 
marine)marine)



NonpointNonpoint

Contains nearly Contains nearly 
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NonpointNonpoint ––Integration statusIntegration status
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Variability in the Variability in the NonpointNonpoint %VOC in the %VOC in the 
““IntegrateIntegrate”” Case Across StatesCase Across States
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MobileMobile
OnroadOnroad: : ““IntegrateIntegrate”” sources require sources require 
consistent methodology across VOC and consistent methodology across VOC and 
each VOC HAPeach VOC HAP
–– NMIM with EPA default inputs NMIM with EPA default inputs 
–– NMIM with State supplied inputsNMIM with State supplied inputs
–– State data replacing NMIM based on EPA default inputsState data replacing NMIM based on EPA default inputs
–– State data replacing NMIM based on state supplied State data replacing NMIM based on state supplied 

inputsinputs

NonroadNonroad (excluding aircraft/CMV/locomotives)(excluding aircraft/CMV/locomotives):  100% :  100% 
““IntegrateIntegrate””



Mobile Mobile ––Integration statusIntegration status
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Variability in the Variability in the OnroadOnroad %VOC in %VOC in 
the the ““IntegrateIntegrate”” Case Across StatesCase Across States
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Particular Particular HAPsHAPs that Can be that Can be 
IntegratedIntegrated

Onroad/Nonroad:  ~ 30 HAPs

Nonpoint:  ~100 HAPs

Key HAPs:  toluene, xylenes, benzene, methanol



LimitationsLimitations

We assume HAP estimates are better than We assume HAP estimates are better than 
speciatingspeciating VOCVOC
We assume we can subtract HAP from We assume we can subtract HAP from 
VOC when theyVOC when they’’re both from the same re both from the same 
data sourcedata source
Could lead to geographic inconsistencies Could lead to geographic inconsistencies 
in speciation (HAP reporting in speciation (HAP reporting 
inconsistencies) inconsistencies) 



ConclusionsConclusions

We plan to combine HAP/CAP inventories We plan to combine HAP/CAP inventories 
for for multipollutantmultipollutant modeling using an modeling using an 
updated chemical mechanism in CMAQupdated chemical mechanism in CMAQ
Analyzed much of the 2002 NEI to Analyzed much of the 2002 NEI to 
determine extent to which HAP/CAP determine extent to which HAP/CAP 
sources can be integratedsources can be integrated
Found a large amount of VOC mass will Found a large amount of VOC mass will 
be using the be using the ““integrateintegrate”” case, allowing us case, allowing us 
to maximize the use of the HAP inventoryto maximize the use of the HAP inventory
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