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ABSTRACT  
Perma-Fix Northwest (PFNW), located in Richland, Washington, processes and stabilizes low-
level radioactive waste and mixed waste. PFNW is proposing to receive and stabilize supernatant 
tank waste from the U.S. Department of Energy’s Hanford Site that is classified by the U.S. 
Nuclear Regulatory Commission (NRC) as “low-level mixed waste”. Due to the origins of the 
waste, the Washington State Department of Ecology (Ecology) has expressed concerns that the 
waste may contain dimethyl mercury (DMM) and that emissions of DMM may occur as a result 
of processing the waste.   

DMM is listed as a toxic air pollutant (TAP) under Ecology regulations for sources of TAPs in  
Washington Administrative Code (WAC) 173-460. Ecology and the local air quality agency, 
Benton Clean Air Agency (BCAA), regulate emissions of TAPs through a series of review 
processes known as “first, second, and third tier review.” First tier review includes an analysis of 
potential TAP emissions and comparison to regulatory emission rate thresholds. If potential 
emissions of a TAP exceed the regulatory emission rate threshold, an air dispersion modeling 
analysis is required to determine if the maximum off-site concentration is above the ambient 
concentration threshold. If the maximum off-site concentration is above the ambient 
concentration threshold, then second tier review is required. Second tier review includes a health 
impact assessment of the potential emissions. If health risk or hazard from the potential TAP 
emissions exceeds the regulatory threshold, third tier review could be required. The ambient 
concentration threshold (“acceptable source impact level”, or ASIL) for DMM in WAC 173-460-
150 is 1 x 10-99 micrograms per cubic meter (μg/m3), which is essentially a “zero threshold” and 
represents less than one molecule of DMM.   

In the first tier review, PFNW quantified potential TAP emissions from the processing of the 
waste, including DMM. The waste was analyzed for DMM content and the results were below 
the detection threshold. Ecology therefore required PFNW to use conservative assumptions 



2  

about the concentration of DMM and the results of the air dispersion modeling analysis showed 
that the maximum off-site concentration of DMM was above the regulatory threshold. PFNW 
was thus required to submit a second tier review for the potential emissions of DMM.  
 
Ambient air concentrations from the facility were calculated using the air dispersion model 
AERMOD. Off-site concentrations were modeled for a discrete receptor grid including the 
maximally exposed individual, maximally exposed resident, maximally impacted worker, and 
sensitive populations such as nearby workplaces, residences, schools, retirement facilities, 
daycares, hospitals, and doctor’s offices. Modeled concentrations for these areas were used to 
calculate human health risk from multiple exposure pathways. Results of the health impact 
assessment showed that the hazard from potential emissions of DMM associated with processing 
and stabilizing of DMM at PFNW were several orders of magnitude lower than the hazard 
threshold in all areas analyzed. PFNW has submitted these technical analyses to Ecology for 
review in support of its air permit application for processing and stabilizing of the waste.  

INTRODUCTION  
The Test Bed Initiative (TBI) is a U.S. Department of Energy (DOE) initiative to utilize existing 
processes and commercial facilities to immobilize supernatant tank waste from the Hanford Site 
(“Hanford” or “the Hanford Site”) in Washington State. The purpose of the DOE’s TBI is to 
demonstrate the feasibility of treating supernatant tank waste from the Hanford Site at existing 
commercial treatment and disposal facilities with a long-term goal of accelerating tank closures 
and cost savings.   

PFNW has developed a treatment process at its mixed waste facility (MWF) with the capability 
of processing supernatant tank waste from the Hanford Site that is classified as “low-level mixed 
waste” by the NRC. In December 2017, three gallons of tank waste that was pretreated at the 
Hanford Site’s 222-S Laboratory was successfully stabilized at PFNW to comply with federal 
and state regulatory requirements for disposal as treated low-level waste in solid form. The next 
phase of the TBI is to stabilize 2,000 gallons of tank waste in the in-container mixing system, 
which is existing process equipment at the MWF. The in-container mixing system is used to 
provide in-container neutralization and stabilization by mixing liquid, slurry, and solid wastes in 
a container (55 or 85-gallon drums) that serves both as the mixing vessel and the final disposal 
container. To proceed with the next phase of the TBI, PFNW must obtain the required 
environmental permits, including a modification to its existing air permit.   

The waste profile for the supernatant tank waste was provided by Washington River Protection 
Solutions (WRPS), the operator of the laboratory at the Hanford Site responsible for 
pretreatment of the waste. The waste contains organic and inorganic constituents and a small 
amount of dissolved solids. Analytical testing performed on the waste resulted in non-detect 
levels of DMM. However, because of the toxicity of DMM, Ecology required PFNW to assume 
that the concentration of DMM in the headspace of each container received and processed by 
PFNW was equivalent to the concentration of DMM detected in the headspace gas of 10 Hanford 
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high level waste tanks1, 251 nanograms per cubic meter (ng/m3). Due to the “zero threshold” for 
DMM in WAC 173-460-150, PFNW was required to submit first tier and second tier reviews to 
Ecology. The second tier review included an air dispersion modeling analysis and a health 
impact assessment (HIA).  

In 2015, WRPS analyzed health impacts in a second tier review of a hypothetical scenario at the 
Hanford Site that included “all possible DMM emission sources related to the tank farm 
operations, waste transfer, waste treatment, waste delivery to the Waste Treatment and 
Immobilization Plant (WTP), WTP operations, and secondary waste processing at the Hanford 
Site”2. Due to the large buffer between the emission sources and the site property line (5.9 miles 
to the nearest public receptor), the second tier review did not include off-site locations of 
sensitive populations such as daycares or hospitals.   

Due to PFNW’s proximity to residential and commercial areas, Ecology required that PFNW 
model ambient concentrations of DMM and calculate health hazard for off-site receptors such as 
the maximally exposed individual, maximally exposed resident, maximally exposed worker, and 
sensitive populations such as nearby workplaces, residences, schools, retirement facilities, 
daycares, hospitals, and doctor’s offices. Ecology also required analyses in addition to those 
submitted by WRPS in the 2015 second tier review. These analyses included evaluation of 
hazard for both residential and worker exposure scenarios, development of exposure parameters 
for the residential exposure scenario of ingestion of breastmilk, evaluation of three exposure 
durations for the residential scenarios (acute, 30 years, and 70 years), and evaluation of four 
exposure durations for the worker scenarios (acute, 8-hour, 30 years, and 70 years).  

The second tier review for PFNW was limited by the availability of representative 
meteorological data, DMM toxicity and exposure data, dose calculation inputs specific to DMM, 
and other inherent sources of uncertainty in air dispersion modeling and risk assessment. This 
paper details the air dispersion modeling analysis to support the HIA required for second tier 
review of potential DMM emissions from the in-container mixing system at PFNW.  

EXPERIMENTAL METHODS/MATERIALS/PROJECT APPROACH  
Ambient air concentrations were calculated using an air dispersion model, AERMOD (version 
18081). AERMOD utilizes two input data processors: AERMET (version 18081), a 
meteorological data preprocessor that incorporates air dispersion based on planetary boundary 
layer turbulence structure and scaling concepts, and AERMAP (version 11103), a terrain data 
preprocessor that incorporates complex terrain using United States Geological Services (USGS) 
Digital Elevation Data.  

Dispersion Modeling Methodology  
Air dispersion modeling analysis was conducted according to Ecology guidance3 and site-
specific requirements communicated by Ecology during the HIA process, listed below:  

• AERMOD v18081 input parameters and details, including DMM deposition 
parameters needed to support risk calculations for the ingestion pathway;  
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• meteorological data – Surface data from the Hanford Meteorological Station and 
upper air data from Spokane, Washington National Weather Service for the years 
2009 through 2013; processed with AERMET v18081; 

• averaging periods used for modeling – 1-hour, 8-hour, 24-hour, and annual;  
• receptor grid spacing – Discrete receptor grid encompassing 10 kilometers (km) from 

the source and spaced per guidance for second tier reviews3 with the exception of 
sensitive receptors, which have a spacing of 50 meters (m). Boundary receptors were 
spaced at 25 m for the model runs;   

• modeling results obtained from AERMOD v18081 including output files of 1-hour, 8 
hour, 24- hour, and annual concentrations at designated receptors, in electronic 
format;  

• tables of modeled concentrations with their Universal Transverse Mercator (UTM) 
coordinates for maximally impacted areas (sensitive receptors);  

• two-dimensional graphs of concentration distribution across the domain, including 
sensitive receptors and maximally exposed receptors with a general description that 
corroborates the 2-D plots; and  

• the maximum modeled concentration of DMM anywhere along or beyond the 
controlled access property boundary.  

The following items were required to be included in the HIA related to exposure assessment:  

• identification of the maximally exposed individual, maximally exposed resident, and 
the maximally exposed worker;  

• identification of DMM exposure pathways:  
o residential receptor scenario: inhalation and ingestion of vegetation, soil, and 

breastmilk);  
o worker receptor scenario: inhalation and ingestion of soil; and  

• qualitative and quantitative discussion of risks and acceptability of those risks for 
investigated receptors and susceptible populations.  

AERMOD Input Values  
The in-container mixer is designated as MWNTSTK. This point source was modeled as a part of 
the ambient air concentration calculation. Modeled input stack parameters were provided by 
PFNW and are listed in Table 1. A plot plan of the facility showing the location of the point 
source, facility boundaries, and locations of building on the property is shown in Figure 1.  

Table 1. Stack parameters for MWNTSTK.  

ID  UTM E  
(m)  

UTM N  
(m)  

Elevation 
(m)  

Emission  
Rate (g/s)  

Stack  
Height  

(m)  

Stack  
Temp   

(K)  

Stack  
Velocity   

(m/s)  

Stack  
Diameter  

(m)  
MWNTSTK  323214  5134679  113.86  1  28.96  285.93  10.77  1.91  
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Figure 1. PFNW-R facility layout.  

  

 

Consistent with standard air modeling and risk assessment practice when evaluating potential 
ambient air concentration impacts of emission sources, the modeling analysis was conducted 
using ‘unit emission rates’. That is, the emission source was configured to emit at 1 g/s in 
AERMOD. Modeled results were scaled to emission rates of individual pollutants.  

Elevation data were obtained from the United States Geological Survey. The datum chosen for 
the model run was North American Datum 1983 (NAD83) for UTM Zone 11. Averaging periods 
for the model runs were 1-hour, 8-hour, 24-hour, and annual. With a 1 g/s modeled emission 
rate, a maximum modeled concentration in terms of μg/m3 per 1 g/s was obtained from 
AERMOD for each averaging period.   
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Modeling Domains  
Air dispersion modeling was performed for the following domains:  

1) a discrete receptor grid encompassing 10 km from the source (MWNTSTK); and  

2) sensitive receptors located around the facility including the closest businesses, 
residences, and populations of elderly, children, and pregnant women.  

The ASIL for DMM is 1×10-99 µg/m3 and therefore the areas where concentrations exceed the 
ASIL may extend beyond the modeled domains. Per discussions with Ecology, the modeled 
domains satisfy the requirements of the HIA and encompass the sensitive populations requested 
by Ecology.   

Specific inputs for each of the modeling domains are discussed below.  

Discrete Receptor Grid  
The receptor grid spacing was based on the guidance for second tier reviews3, as shown in Table  
2. A boundary receptor spacing of 25 m was used for the model runs.  

Table 2. Receptor grid spacing for air dispersion modeling.  

Distance from  
Source (m)  

Grid  
Spacing (m)  

0-150  12.5  

150-400  25  

400-900  50  

900-2000  100  

2000-4500  300  

4500-10000  600  

  

Modeling for this domain was performed using the regulatory default terrain option for years 2009-2013.  

Areas with Sensitive Populations   
The receptor grid spacing for the areas containing sensitive populations was 50 m. The DMM 
deposition rate parameters used in the current deposition modeling runs were from the 2015 
second tier review for Hanford2 and also provided by Ecology. The parameters are presented in 
Table 3.  
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Table 3. DMM deposition rate parameters for AERMOD deposition modeling.  

Parameter  Value  

Diffusivity in Air (cm2/s)  6.00 x 10-2  

Diffusivity in Water (cm2/s)  5.25 x 10-6  

Cuticular Resistance (s/m)  1.00 x 10-7  

Henry’s Law Constant (Pa-m3/mol)  6.00 x 10-6  

  

Meteorological Data   
The raw surface data were obtained from the Hanford Meteorological Station (HMS) and the 
upper air data was obtained from Spokane, Washington, National Weather Service for the years 
2009 through 2013. The meteorological data was processed using AERMET v18081 to obtain 
the surface (SFC) and profile (PFL) files.  

  

RESULTS AND DISCUSSION  
First Tier Review  
In the first tier review, potential emission rates of TAPs were compared to the corresponding de 
minimis and small quantity emission rates (SQERs) in WAC 173-460-150. The SQER was 
exceeded for seven TAPs for the proposed modification, as presented in Table 4, indicating that 
an air dispersion modeling analysis was required for these TAPs.  
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Table 4. Potential emissions of TAPs exceeding SQERs.  
Pollutant  CAS  Potential Emissions  WAC 173-460-150  Comparison to  

Thresholds  

lb/hr  lb/day  lb/yr  Averaging.  
Period  

De 
minimis, 
lb/period  

SQER,  
lb/period  

Exceed  
De 

minimis?  
Y/N  

Exceed  
SQER?  

Y/N  

Dimethyl Mercury  593-74-8  2.35x10-9  5.65x10-8  2.06x10-5  24-hr  1.00x10-99  1.00x10-99  Y  Y  

N-Nitroso-di-
nbutylamine  

924-16-3  1.02x10-5  2.45x10-4  8.95x10-2  year  3.10x10-3  6.20x10-2  Y  Y  

N- 
Nitrosomethylethylam 

ine  

10595-95-
6  

1.01x10-5  2.42x10-4  8.84x10-2  year  1.53x10-3  3.05x10-2  Y  Y  

Pentachlorodibenzo-
pdioxins  

40321-76-
4  

1.68x10-9  4.04x10-8  1.48x10-5  year  2.52x10-7  5.05x10-6  Y  Y  

Tetrachlorodibenzo-
pdioxins  

1746-01-6  1.68x10-9  4.04x10-8  1.48x10-5  year  2.52x10-7  5.05x10-6  Y  Y  

N- 
Nitrosodiethylamine  

55-18-5  1.03x10-5  2.48x10-4  9.04x10-2  year  9.59x10-4  1.92x10-2  Y  Y  

N- 
Nitrosodimethylamine  

62-75-9  1.01x10-5  2.42x10-4  8.84x10-2  year  2.08x10-3  4.16x10-2  Y  Y  

  

Maximum modeled concentrations for all averaging periods over five years at a 1 g/s emission 
rate are presented in Table 5.  

Table 5. Maximum ambient air concentration using a unit emission rate.  

Averaging Period  Maximum  Concentrations(μg/m3) Based on an Emission Rate of 1 g/s 

2009  2010  2011  2012  2013  Maximum  

(2009- 
2013)  

1-hour  69.52  82.86  76.65  117.38  94.44  117.38  

8-hour  23.15  23.78  21.55  22.51  23.28  23.78  

24-hour  12.99  11.23  12.01  13.15  12.56  13.15  

Annual  2.87  3.40  2.79  2.78  2.62  3.40  
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 Using results from the unit emission rate model, presented in Table 5, the maximum ambient 
concentrations of the TAPs exceeding the SQER were calculated and compared to the ASIL, as 
presented in Table 6.  
Table 6. Maximum ambient air concentrations compared to ASIL.  

Pollutant  CAS  

Ambient Maximum  
Concentrations (μg/m3) per 
averaging period  

WAC 173-460-150   
Comparison  
to  
Thresholds  

1-hr  24-hr  Annual  Averaging  
Period  

ASIL,  
μg /m3  

Exceed  
ASIL? Y/N  

Dimethyl Mercury  593-74-8  3.48x10-8  3.90x10-9  1.01x10-9  24-hr  1.00x10-99  Y  
N-Nitroso-di-
nbutylamine  924-16-3  

1.51x10-4  1.69x10-5  4.38x10-6  year  3.23x10-4  N  
N- 
Nitrosomethylethylamine  

10595- 
95-6  1.49x10-4  1.67x10-5  4.33x10-6  year  1.59x10-4  N  

Pentachlorodibenzo-
pdioxins  

40321- 
76-4  2.49x10-8  2.79 x10-9  7.22x10-10  year  2.63x10-8  N  

Tetrachlorodibenzo-
pdioxins  

1746-01- 
6  2.49x10-8  2.79x10-9  7.22x10-10  year  2.63x10-8  N  

N-Nitrosodiethylamine  55-18-5  1.53x10-4  1.71x10-5  4.42x10-6  year  1.00x10-4  N  
N-Nitrosodimethylamine  62-75-9  1.49x10-4  1.67x10-5  4.33x10-6  year  2.17x10-4  N  

  

Results of the first tier review showed that only one pollutant, DMM, exceeded the ASIL. 
Therefore, second tier review was required.  

Second Tier Review  
The second tier review process was initiated by a pre-application conference with Ecology. The 
purpose of the meeting, as described in Ecology guidance3, was to identify regulatory issues and 
review criteria for the HIA prior to developing the supporting materials. In the HIA protocol, 
PFNW outlined the information that would be contained in the HIA including:  

• Project description;  
• Hazard identification;  
• Modeling methods and results presentation;  
• Identification of potentially exposed populations and susceptible subpopulations;  
• Identification of exposure pathways;  
• How background concentrations will be addressed;  
• DMM toxicity data; and  
• Discussion of risk results, potential exposure impacts to human health, and analysis 

uncertainties.  

A discussion of the analyses supporting the HIA is summarized in the following subsections.  
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Hazard Identification  
Hazard identification is the evaluation of a compound’s effects after accidental exposure or 
through investigation of animal models and determining the possible health impacts and 
implications of exposure.  

DMM is classified as an organic mercury compound/organomercurial liquid in a pure form and 
is rarely used except as a reference standard for chemical tests.  DMM is found primarily at deep 
ocean depths as the main source of methyl mercury (MM)4  but is rarely found in terrestrial 
environments unless produced from anthropogenic sources.  After release and transport of 
DMM, MM is the primary breakdown product in both the environment as well within the human 
body.5,6  DMM has been shown to be an extremely toxic compound that results in serious, even 
fatal, effects with small exposure concentrations.  

A summary of the physical characteristics of both DMM and MM as calculated using the 
Environmental Protection Agency’s (EPA’s) EPI Suite Software7 are presented below in Table 7.    

Table 7. Physical properties of DMM and MM.  

Physical Property  Dimethyl Mercury  Methyl Mercury*  

Molecular Formula  C2H6Hg  CH3Hg  

Molecular Structure  CH3-Hg-CH3  CH3-Hg  

Molecular Weight  230.66  215.63  

Water Solubility @ 25 ⁰C (g/L)  0.19  31.25  

Density @ 20 ⁰C (g/cm3)  3.19  4.06  

Melting Point (⁰C)  -56.61  -60.49  

Boiling Point (⁰C)  104.98  82.97  

Vapor Pressure (Pa)  6.73x103  1.03x104  

Oxidation State  +2  +2  

  *Physical properties were taken from a combination of EPI Suite Software and the 
National Research Council8.  

Maximally Exposed Receptors and Sensitive Populations  
Susceptible (or “sensitive”) populations were identified and categorized as follows:  
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• “Resident” areas included the maximally exposed individual and maximally exposed 
resident. Nearby residential areas such as houses, multi-family living arrangements 
(apartment buildings and recreational vehicle parks) and the fenceline of the facility were 
included in this category due to the location of the highest modeled DMM concentration;  

• “Worker” areas included the maximally exposed worker located at nearby businesses and 
industrial facilities with the highest modeled DMM concentration;  

• “Elderly” areas included nearby retirement facilities;  
• “Children” areas included nearby day cares and schools; and  
• “Pregnant Women” areas included locations that pregnant women might frequent, such 

as hospitals and doctor’s offices.  

Air Dispersion Modeling Analysis Results  
The results of air dispersion modeling analysis, including deposition rates, for each sensitive 
population category, as described above, and averaging period are summarized in Table 8. 
Figure 2 and Figure 3 show contour maps of the annual average concentrations and 24-hour 
average deposition rates modeled over five years. The maximum single receptor and the 
locations of sensitive populations are identified on each map.  
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Table 8. Maximum DMM ambient concentration and deposition rate for each sensitive population from 2009 – 2013.  
Sensitive Population Areas  Maximum Concentration or Deposition Rate -  

Based on 1 g/s Emission Rate1, μg/m3 or g/m2 
per g/s  

Maximum DMM Ambient Concentration2 (μg/m3)  
or Deposition Rate (g/m2)  

Averaging Period  Averaging Period  

1-hr  8-hr  24-hr  Annual  1-hr  8-hr  24-hr  Annual  

Resident (Fenceline) Conc., µg/m3  1.17x102  2.38x101  1.31x101  3.40  3.48x10-8  7.05x10-9  3.90x10-9  1.01x10-9  

Resident (Fenceline) Deposition, g/m2  3.98x10-3  1.87x10-2  2.62x10-2  1.15  1.18x10-12  5.55x10-12  7.76x10-12  3.40 x10-10  

Worker Conc., µg/m3  9.27x101  2.24x101  1.25x101  2.82  2.75x10-8  6.64x10-9  3.69x10-9  8.37x10-10  

Worker Deposition, g/m2  2.94x10-3  1.61x10-2  2.27x10-2  1.02  8.72x10-13  4.77x10-12  6.73x10-12  3.03x10-10  

Elderly Conc., µg/m3  1.08x101  1.85  6.47x10-1  7.62x10-2  3.20 x10-9  5.50x10-10  1.92x10-10  2.26x10-11  

Elderly Deposition, g/m2  1.50x10-4  3.00x10-4  3.80x10-4  1.39x10-2  4.45x10-14  8.90x10-14  1.13x10-13  4.12x10-12  

Children Conc., µg/m3  3.59x101  1.07x101  4.08  6.87x10-1  1.07x10-8  3.17x10-9  1.21x10-9  2.04x10-10  

Children Deposition, g/m2  5.80x10-4  1.04x10-3  1.42x10-3  9.17x10-2  1.72x10-13  3.09x10-13  4.21x10-13  2.72x10-11  

Pregnant Women Conc., µg/m3  6.87  9.99x10-1  3.93x10-1  4.16x10-2  2.04x10-9  2.96x10-10  1.17x10-10  1.23x10-11  

Pregnant Women, g/m2  1.00 x10-4  2.30x10-4  2.40x10-4  7.33x10-3  2.97x10-14  6.82x10-14  7.12x10-14  2.17x10-12  
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Figure 2. DMM annual averaged concentration contour map  
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Figure 3. DMM 24-hr averaged deposition rate contour map  
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Exposure Estimation  
Residential and worker exposure scenarios were analyzed.  Residential scenarios consisted of the 
maximally exposed individuals or the maximally exposed residents for three different exposure 
durations. The residential scenarios investigated the exposure potential for a hypothetical 
individual living at the fenceline of PFNW.  The worker scenario consisted of evaluating 
exposure during one shift of work at the closest business(es) to PFNW.  

The residential and worker exposure scenarios differed in both the geographic areas evaluated 
and in the exposure pathways investigated.  Pathways incorporated in the HIA for the residential 
scenarios included:  

• inhalation;  

• ingestion of soil;  

• ingestion of vegetation; and  

• ingestion of breastmilk.   

Pathways incorporated in the HIA for the worker scenario included:  

• inhalation; and   

• ingestion of soil.  

The exposure estimate was also investigated with differing temporal assumptions.  The residential 
scenarios were investigated through the assumed daily exposure to DMM over the course of 1 
hour, 30 years, and 70 years.  The worker scenario was similarly investigated over differing 
exposure durations including 1 hour, 8 hours (a typical work shift), 30 years, and 70 years.  
Investigation of differing exposure durations was performed to provide a range of human health 
scenarios for estimation of hazard associated with DMM for each receptor.  

Estimation of the Inhalation Pathway  
Estimation of the exposure pathway was based on models and equations provided in the Air 
Toxics Guidelines8.  The exposure time for the worker scenario was assumed to match the 
emission schedule to provide an exposure estimate that would be conservative of human health.  

Maximum modeled inhalation concentrations for scenarios investigated are provided in Table 9.  
The concentration of DMM modeled at the fenceline was the highest. Lower concentrations of 
DMM occurred as distance from the facility increased, such as the locations of the closest 
business or residential areas.  The investigation of the fenceline concentration of inhalation 
exposure represents the worst-case scenario; therefore, the hazard for the areas containing all 
other susceptible populations was less than the fenceline hazard.   
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Table 9. Modeled inhalation concentrations for the residential and worker scenarios.  

Scenario  Worker Scenario  Residential Scenario  

Location  
Central Washington Corn 
Processors  Fenceline  

Distance from Source (m)  283 (Southeast of Source)  282 (Southeast of Source)  

DMM Concentration  
(µg/m3)  8.37x10-10  1.01x10-09  

  

Estimation of the Ingestion Pathway  
Estimation of the hazard associated with the ingestion pathway for the residential and worker 
scenarios was performed using the highest modeled daily deposition rate of DMM (based on the 
24-hour average deposition rate) at a single receptor located along the fenceline (hypothetical 
residential scenario) or Central Washington Corn Processors (worker scenario).  The receptor 
where the maximum daily deposition rate was modeled did not necessarily correspond with the 
location of the single receptor with the highest modeled air concentration for the three scenarios 
but was selected to provide the highest possible estimate of exposure through the ingestion 
pathway.  The modeled deposition rate was then incorporated in the equations for accumulation 
in soil, the concentration within vegetation that is consumed, the average concentration that is 
intercepted by the vegetation during deposition, and other supporting equations presented in the 
Air Toxics Guidelines9.  

A summary of the soil and vegetation ingestion estimated dose is provided below in Table 10 for 
the residential and worker scenarios.  The 95th percentile exposure parameters, set by the Air 
Toxics Guidelines8, for the breastmilk and vegetable ingestion pathway were utilized while all 
other parameters utilized the mean exposure parameters.  Dose for each pathway and for each age 
category were calculated separately9.  

Table 10. Modeled ingested dose for the residential and worker scenarios.  

Scenario  
Worker Scenario  Residential Scenario   

Soil Ingestion  Soil Ingestion  Vegetable Ingestion  
Exposure  
Duration  30 Year  70 Year  30 Year  70 Year  30 Year  70 Year  

DMM Dose  
(mg/kg-day)  2.91x10-10  6.78 x10-10  4.11 x10-9  9.57 x10-9  1.08 x10-7  2.50 x10-7  
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The development of an exposure estimate for breastmilk ingestion pathway was based on the 
information provided in the August 2012 Air Toxics Hot Spots Program Risk Assessment 
Guidelines Technical Support Document for Exposure Assessment and Stochastic Analysis10 and 
supplemented with a review of the scientific literature.  The inclusion of the breastmilk pathway 
affected only the residential scenario ingested dose.  The calculated residential dose for each 
exposure duration for the residential scenario is shown in Table 11.  

Table 11. Modeled breastmilk and total ingested dose for the residential scenario.  

Scenario  

Residential Scenario   

Breastmilk Ingestion  Total Ingested Dose*  

DMM Dose  
(mg/kg-day)  

30 Years  70 Years  30 Years  70 Years  

8.28E-8  1.93E-7  1.95E-7  4.53E-7  

*The total ingested dose for each exposure duration is the sum of all oral exposure 
pathways: soil ingestion, vegetation ingestion, and breastmilk ingestion. This value 
was used for each exposure duration for direct comparison to the reference 
exposure levels.  

Calculation of Hazard  
The individual hazard quotients (HQs) for each exposure pathway were developed as shown in 
Equation 1 for chronic and acute exposure through the inhalation pathway and Equation 2 for 
chronic exposure through the ingestion pathway.    

Equation 1. Hazard quotient for inhalation  

𝐻𝑄
𝐷𝑀𝑀 𝐶𝑜𝑛𝑐 µ𝑔

𝑚  𝑌𝑒𝑎𝑟𝑙𝑦 𝐴𝑣𝑒𝑟𝑎𝑔𝑒, 8ℎ𝑟 𝐴𝑣𝑒𝑟𝑎𝑔𝑒, 1ℎ𝑟 𝑚𝑎𝑥

𝑅𝐸𝐿 𝐶ℎ𝑟𝑜𝑛𝑖𝑐, 8ℎ𝑟, 𝑜𝑟 1ℎ𝑟
                

Equation 2. Hazard quotient for ingestion 

𝐻𝑄
𝐷𝑀𝑀 𝐷𝑜𝑠𝑒 𝑚𝑔

𝑘𝑔 𝑑𝑎𝑦
𝑅𝐸𝐿 𝐶ℎ𝑟𝑜𝑛𝑖𝑐

                                              

 

The chronic reference exposure levels (RELs), with use of MM as a surrogate, were 1.0×10-4 
mg/kg-day for the oral REL and 1.4×10-1 µg/m3 for the inhalation REL7 as shown in Table 12.  

Short term exposure to DMM was also investigated in the HIA.  The maximum 1-hour 
concentration was compared the Acute RELs for the residential scenario and the maximum 1-
hour and 8-hour averaged concentration for DMM were compared to short term RELs and 8-hour 
RELs for the worker scenario.  The acute and 8-hour RELs were derived by maintaining the same 



18  

ratio as the chronic elemental mercury REL compared to the acute or 8-hour RELs as shown in 
Table 12.    
  

Table 12. Reference exposure levels utilized in the health impact assessment.  

Chemical  Elemental Mercury  Dimethyl Mercury*  

Pathway  
Inhalation  
(µg/m3)  

Oral 
(mg/kgday)  

Inhalation  
(µg/m3)  

Oral 
(mg/kgday)  

Chronic  
RELs  0.03  1.6 x10-4  0.14  1E-4  

8 Hour RELs  0.06  --  0.28  --  

Acute RELs  0.6  --  2.8  --  

*Methyl mercury values were used as a surrogate for the toxicity values for Dimethyl Mercury.  

The hazard index (HI) for each scenario was calculated as the sum of all HQs.  HQs and HIs were 
calculated for each pathway (inhalation and ingestion) for the residential scenarios and the results 
are shown in Table 13.  HQs and HIs were calculated for each pathway (inhalation and ingestion) 
for the worker scenarios and the results are shown in Table 14. An acceptable HI is less than 1. 

Table 13. Hazard results for the residential scenario.  

Exposure  
Duration  

30 Years  70 Years  
Acute  
(1hr)  

Pathway  Inhalation  Ingestion  Inhalation  Ingestion  Inhalation  

HQ  7.21x10-9  1.95x10-3  7.21x10-9  4.53x10-3  1.24x10-8  

HI  1.95x10-3  4.53x10-3  1.24x10-8  

Table 14. Hazard results for the worker scenario.  

Exposure  
Duration  

30 Years  70 Years  8-hr  
Acute  
(1hr)  

Pathway  Inhalation  Ingestion  Inhalation  Ingestion  Inhalation  Inhalation  

HQ  5.98x10-9  2.91x10-6  5.98x10-9  6.78x10-6  2.37x10-8  9.82x10-9  

HI  2.91x10-6  6.78x10-6  2.37x10-8  9.82x10-9  
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SUMMARY  
The HIA was completed to determine the health effects associated with DMM emissions from 
PFNW.  There were many conservative assumptions utilized within the HIA to provide a worst-
case scenario that would reflect the maximum hazard associated with exposure to DMM.  The 
inclusion of conservative assumptions during the HIA resulted in an overestimation of the hazard 
for the worker and residential scenarios.  The point of maximum impact was selected as 
representative of all residential scenarios and resulted in a 30- and 70-year chronic exposure 
hazard index of 1.95×10-3 and 4.53×10-3, respectively.  The worker 30- and 70-year chronic 
exposure hazard including all pathways was calculated as 2.91×10-6 and 6.78×10-6, respectively.    

The 8 hour and acute hazard was also assessed in the HIA.  The acute (1 hour) hazard for the 
residential scenario was 1.24×10-8.  The 8 hour and acute HI values for the worker scenario were  
2.37×10-8 and 9.82×10-9, respectively.   

All calculated HI values were below the HI threshold of 1. Additionally, the susceptible 
populations that were investigated in the HIA (i.e. children and adolescents, elderly residing 
within retirement facilities, and pregnant women) are located a substantial distance from 
PFNWR.  The use of the fenceline as a representative worst-case scenario acted as the highest 
possible exposure and hazard associated with the facility.  The sensitive populations further than 
the fence line are similarly substantially below the HI threshold of 1. The results of the HIA show 
that the potential emissions of DMM from PFNW do not pose a public health threat to the 
investigated populations.  
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Project Overview

• PFNW stabilizes low-level 

radioactive and mixed waste

• Hanford Site – 56 million 

gallons of radioactive waste 

stored in 177 underground 

tanks

• PFNW has capability to treat 

Hanford tank waste

• Dimethyl mercury detected in 

headspace of Hanford tanks

• “Zero” threshold for DMM 

ambient air concentration in 

Washington regulations

Image: “Second Tier Review Petition for Hanford Tank Farm 
and Waste Treatment Plant Dimethyl Mercury” 

PFNW

Hanford



Test Bed Initiative (TBI)

• DOE can accelerate Hanford tank closure if treatment 

and disposal facilities can manage the tank waste

• December 2017 – PFNW successfully stabilized 3 

gallons pretreated tank waste

• Next phase of TBI  – treatment/disposal of 2,000 gallons



Dimethyl Mercury (DMM)

• Hanford tank waste may 
contain DMM

• DMM was not detected 
in 3 gallon test

• Washington State 
Department of Ecology 
has concerns

• DMM is a Washington 
Toxic Air Pollutant with 
an ambient air 
concentration threshold 
of 1x10-99 μg/m3

• DMM is extremely toxic 
– neurological effects



Process & Emissions Characterization

• Waste stabilization at PFNW

– Occurs in drums – “in-container 
mixer”

– Emissions from: venting receiving 
container, waste transfer, 
addition of reagent, mixing

– Controlled by activated carbon 
and HEPA filters

• Pollutants

– Waste contains organic and 
inorganic constituents

– Assumed DMM concentration in 
headspace of containers - same 
as detected in Hanford tanks



Air Toxics Permitting in Washington

• Involves local and state agencies

– Benton County Clean Air Agency & State of Washington Dept. of Ecology

• Toxic Air Pollutants (TAP) in WAC 173-460

– De minimis, small quantity emission rate (SQER), and acceptable source 
impact level (ASIL)

• “First Tier Review” – Above de minimis rate

– Submit to local agency, includes permit application

• “Second Tier Review” – Above ASIL

– Submit to Ecology, includes Health Impact Assessment

Pollutant Averaging 
Period

De minimis, 
lb/period

SQER, 
lb/period

ASIL, 
μg/m3

DMM 24-hr 1.00 x 10-99 1.00 x 10-99 1.00 x 10-99



Health Impact Assessment

• Identify susceptible 

populations

– Resident, worker, daycare 
center, obstetric clinic, assisted 
living facility

• Identify exposure pathways

– Inhalation and ingestion of soil, 
vegetation, and breastmilk

• Address background 

concentrations

• Model results

• Calculate risk

• Discuss potential exposure 

impacts to human health

Sensitive Populations – 3 km radius



Dispersion Modeling Methodology

• Air dispersion modeling analysis 

conducted per Ecology guidance

• Used AERMOD v18081

• Surface data from Hanford 

Meteorological Station and upper 

air data from Spokane, 

Washington NWS

• Meteorological data: 2009- 2013, 

processed with AERMET v18081

• National Elevation Data from 

USGS website



Dispersion Modeling Methodology

• Averaging periods 

- 1-hour, 8-hour, 

24-hour, and 

annual

• Modeled as 

pollutant “OTHER”

• Receptor grid – 10 

kilometers

• Sensitive 

receptors modeled 

separately for HIA



AERMOD Inputs – Stack Parameters

• Process ventilation exhaust modeled as “Point Source” 

(MWNTSTK)

• Unit Emission rates used (1 g/s)

• Modeled results were scaled to emission rates of 

individual pollutants

• Datum is North American Datum 1983 (NAD83), Zone 11

ID 
UTM E 

(m) 

UTM N 

(m) 

Elevation 

(m) 

Emission 

Rate (g/s) 

Stack 

Height 

(m) 

Stack 

Temp  

(K) 

Stack 

Velocity  

(m/s) 

Stack 

Diameter 

(m) 

MWNTSTK 323214 5134679 113.86 1 28.96 285.93 10.77 1.91 



AERMOD Inputs – Receptor Grid

• Boundary receptors spaced 25 m apart

• Discrete receptors:

Distance 

from 

Source (m) 

Grid 

Spacing 

(m) 

0-150 12.5 

150-400 25 

400-900 50 

900-2000 100 

2,000-4,500 300 

4,500-10,000 600 



Results – First Tier Review 

• Potential emission rates of TAPs compared to de minimis 

and SQERs in WAC 173-460-150

• SQER exceeded for seven TAPs  dispersion modeling 

analysis was required for these TAPs 

• Ambient maximum DMM concentration for 24-hr 

averaging period  exceed DMM ASIL threshold of 

1.00x10-99 μg /m3

• Because DMM exceeds the ASIL  second tier review 

required



Results – Second Tier Review

Concentration and 

deposition rate from 

AERMOD: 

– Inputs to the dose 
calculations for 
toxicological pathways

– Results for the 
maximally exposed 
receptor in each 
sensitive population 
group was used to 
estimate exposure



Results – Second Tier Review

Acceptable 

level of risk:

HI < 1 



Current Status

• November 2018 – HIA submitted

• March 2019 - Preliminary HIA approval

• Application approval is pending

– RCRA permit renewal issues 

– State Environmental Policy Act (SEPA)

– Air permit also requires addressing SEPA

• After approval - 2,000 gallon TBI can proceed
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