
APPENDIX E

METHODOLOGY FOR ESTIMATING THE POTENTIAL HEALTH IMPACTS FROM DIESEL TRANSPORT REFRIGERATION UNIT ENGINES 
Methodology

This appendix presents the methodology used to estimate the potential cancer risk from exposure to diesel particulate matter (diesel PM) from Transport Refrigeration Units (TRU) with diesel engines.  This methodology was developed to assist in the development of the proposed Airborne Toxic Measure for In-Use Diesel-Fueled Transport Refrigeration Units and TRU Generator Sets, and Facilities where TRUs Operate.  The assumptions used to determine these potential cancer risks are not based on TRUs at a specific distribution facility, rather a generic (i.e. example) facility was developed.  The source parameters selected include a broad range of possible operating scenarios.  These estimated risks are used to provide an approximate range of potential risk levels from diesel TRU engine operations.  Actual risk levels will vary due to site specific parameters, including the number of TRUs operating, emission rates, operating schedules, site configuration, site meteorology, and distance to receptors. 

The methodology used in this risk assessment is consistent with the Tier-1 analysis presented in the draft OEHHA, Air Toxics Hot Spots Program Risk Assessment Guidelines: The Air Toxics Hot Spots Program Guidance Manual for Preparation of Health Risk Assessments (OEHHA, 2003).  These OEHHA draft guidelines and this assessment utilize health and exposure assessment information that is contained in the Air Toxics Hot Spot Program Risk Assessment Guidelines, Part II, Technical Support Document for Describing Available Cancer Potency Factors (OEHHA, 2003); and the Air Toxics Hot Spot Program Risk Assessment Guidelines, Part IV, Technical Support Document for Exposure Analysis and Stochastic Analysis (OEHHA 2000), respectively. 

The cancer health risk estimates provide “qualitative” assessment of the potential impacts due to the operation of diesel TRUs.  Actual cancer health risks will depend on actual site specific parameters, including number of diesel TRUs operating at the facility, diesel particulate emission rates, facility operation schedules and configuration, and site meteorology.  Actual risk will also vary depending on the distance a receptor is from the facility, the duration of exposure, and the inhalation rate.

A. Source Description

Potential cancer health risks due to diesel TRU operations are from emissions of diesel particulate matter (diesel PM).  For these analyses, the emission sources were characterized as area sources where trailers equipped with diesel TRUs were expected to operate.  Sensitivity studies were done to show that the point of maximum impact, usually the property boundary, shows little difference between characterizing the emissions as an area source comprised all TRU emissions or as numerous small point sources.  These studies are shown in Appendix F.

The area source is modeled where the trailers sit while pulling down the trailers’ interior temperature, filling the trailer with perishables, or delivering perishable goods. The distribution center sources were characterized as small, medium, and large areas of emissions.  This section describes the parameters and results from the large distribution center area source (Figure 1).  This figure is only given as an illustration of the modeling layouts and is not to scale.

The diesel TRUs operating within the large area source were assumed to be 35 horsepower (hp) with a 60 percent load factor and engine run time (no cycle-off time) as shown in Table 2 through Table 6.  The hourly emission rate was conservatively assumed to be 0.7 grams per hp-hour (g/hp-hr), which is slightly less than the ARB year 2000 OFFROAD composite average model emission rate.  Analyses were also developed using other diesel PM emission rates, including 1.0, 0.3, 0.22, and 0.02 g/hp-hr. Operation of the diesel TRUs within the area source was assumed to occur between 2 PM and 7AM, 7 days per week.  

Sensitivity studies were done to determine buoyancy and final plume height achieved due to stack gas temperature and upward velocity.  These studies led to the determination of a daytime and nighttime plume height used for the initial area source height, as shown in Table 1. 

Figure 1  Distribution Area Source
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B. Dispersion Modeling Methods

The dispersion of the diesel PM emissions was estimated using the United States Environmental Protection Agency (U. S. EPA) ISCST3.  ISCST3 can estimate potential ambient annual average concentrations of diesel PM as a result of diesel PM emissions from area sources.  

The analyses used actual meteorological data collected at the West Los Angeles meteorological site during 1981. The West Los Angeles meteorological data provides a more conservative estimate of risk than most of the other 30 meteorological data sets available to ARB because this site tends to have lower average wind speeds predominantly from the same direction resulting in less dispersion of pollutants.  Other representative meteorological data reviewed for these analyses include Sacramento, Oakland, and Pico Rivera.  Figure 2 shows a comparison of maximum concentrations for the 4 meteorological data sets used for this assessment. 

Figure 2  Comparison of Downwind Ambient Concentrations based on Four Meteorological Data Sets Used
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Polar coordinate receptors were placed at specific incremental distances from the area sources to determine the maximum off-site impacts.  For the large area source, receptors were placed at 50 meter increments from 100 meters to 500 meters and at 100 meter increments from 500 meters to 800 meters. Table 1 shows the source and modeling parameters used for this assessment.

Table 1:  Dispersion Modeling Parameters

Source Type
area

Dispersion Setting
urban

Receptor Height
1.5 meters

Initial Vertical Dispersion Parameter (σz)
2.5 meters

Area Source Width
16.8 meters

Area Source Length
218.8 meters

PM Emission Factor
0.7 grams/hp-hr

Day (7 AM to 7 PM) Plume Height
4.46 meters

Night (7 PM to 7 AM) Plume Height
12.79 meters

C.  Health Risk Assessment Methods
Maximum offsite concentrations were used to estimate potential cancer risk due to emissions of diesel PM.  The maximum offsite ambient annual concentration, in micrograms per cubic meter (μg/m3), is applied to the unit risk factor (URF) developed for diesel PM by OEHHA. This URF is 300 excess cancers per million people per μg/m3 of exposure to diesel PM and assumes a residential exposure of 70 years.  Other exposure parameters in OEHHA risk assessment guidelines (OEHHA, 2000 and OEHHA, 2003), including the revised breathing rate and cancer potency factor, are reflected in the assessment results. 

Table 2 through Table 6 present the estimated range of potential cancer health risks at nearby receptor locations due to exposures to five diesel TRU PM emission rates (0.7, 1.0, 0.3, 0.22, and 0. 2 g/hp-hr) from a large area source.  The cancer health risks are shown based on hours of diesel TRU operation and downwind distance of the receptor.  The horizontal line shaded boxes show where potential cancer risks are greater than or equal to (≥ ) 100 per million.  The grey shaded boxes show where potential cancer risks are less than (< ) 10 per million.  The unshaded boxes show where the potential cancer risk is ≥ 10 and < 100 per million.

Table 2  Estimated Range of Potential Cancer Health Risks (per million) due to TRUs Operating at a Large Distribution Area Source – 0.7 g/bhp-hr

Total Hours of TRU Engine Operation
Downwind Distance (m) from Center of Area Source

Per Week
Per Year
100
150
200
250
300
350
400
450
500
600
700
800

100
5,200













150
7,800













200
10,400













250
13,000













300
15,600













350
18,200













400 
20,800













450
23,400













500
26,000













600
31,200













700
36,400













800
41,600













900
46,800













1,000
52,000













1,100
57,200













1,200
62,400













1,300
67,600













1,400
72,800













1,500
78,000













Meteorological Data: West LA (1981)









Emission Parameters: Engine Size - 35 hp, Engine Load Factor - 60%, Area Source.

Grey Shading shows Cancer Risks < 10/million








No Shading shows Cancer Risks ≥ 10/million and < 100/million







Horizontal Line Shading shows Cancer Risks ≥ 100/million







Annual emissions assume 52 weeks of operation







Table 3  Estimated Range of Potential Cancer Health Risks (per million) due to TRUs Operating at a Large Distribution Area Source – 1.0 g/bhp-hr

Total Hours of TRU Engine Operation
Downwind Distance (m) from Center of Area Source

Per Week
Per Year
100
150
200
250
300
350
400
450
500
600
700
800

100
5,200













150
7,800













200
10,400













250
13,000













300
15,600













350
18,200













400
20,800













450
23,400













500
26,000













600
31,200













700
36,400













800
41,600













900
46,800













1,000
52,000













1,100
57,200













1,200
62,400





 







1,300
67,600













1,400
72,800













1,500
78,000













Meteorological Data: West LA (1981)









Emission Parameters: Engine Size - 35 hp, Engine Load Factor - 60%, Area Source.

Grey Shading shows Cancer Risks < 10/million








No Shading shows Cancer Risks ≥ 10/million and < 100/million







Horizontal Line Shading shows Cancer Risks ≥ 100/million







Annual emissions assume 52 weeks of operation







Table 4  Estimated Range of Potential Cancer Health Risks (per million) due to TRUs Operating at a Large Distribution Area Source – 0.3 g/bhp-hr

Total Hours of TRU Engine Operation
Downwind Distance (m) from Center of Area Source

Per Week
Per Year
100
150
200
250
300
350
400
450
500
600
700
800

100
5,200













150
7,800













200
10,400













250
13,000













300
15,600













350
18,200













400
20,800













450
23,400













500
26,000













600
31,200













700
36,400













800
41,600













900
46,800













1,000
52,000













1,100
57,200













1,200
62,400













1,300
67,600













1,400
72,800













1,500
78,000













Meteorological Data: West LA (1981)









Emission Parameters: Engine Size - 35 hp, Engine Load Factor - 60%, Area Source.

Grey Shading shows Cancer Risks < 10/million








No Shading shows Cancer Risks ≥ 10/million and < 100/million







Horizontal Line Shading shows Cancer Risks ≥ 100/million







Annual emissions assume 52 weeks of operation







Table 5  Estimated Range of Potential Cancer Health Risks (per million) due to TRUs Operating at a Large Distribution Area Source – 0.22 g/bhp-hr

Total Hours of TRU Engine Operation
Downwind Distance (m) from Center of Area Source

Per Week
Per Year
100
150
200
250
300
350
400
450
500
600
700
800

100
5,200













150
7,800













200
10,400













250
13,000













300
15,600













350
18,200













400
20,800













450
23,400













500
26,000













600
31,200













700
36,400













800
41,600













900
46,800













1,000
52,000













1,100
57,200













1,200
62,400













1,300
67,600













1,400
72,800













1,500
78,000













Meteorological Data: West LA (1981)









Emission Parameters: Engine Size - 35 hp, Engine Load Factor - 60%, Area Source.

Grey Shading shows Cancer Risks < 10/million








No Shading shows Cancer Risks ≥ 10/million and < 100/million







Horizontal Line Shading shows Cancer Risks ≥ 100/million







Annual emissions assume 52 weeks of operation







Table 6  Estimated Range of Potential Cancer Health Risks (per million) due to TRUs Operating at a Large Distribution Area Source – 0.02 g/bhp-hr

Total Hours of TRU Engine Operation
Downwind Distance (m) from Center of Area Source

Per Week
Per Year
100
150
200
250
300
350
400
450
500
600
700
800

100
5,200













150
7,800













200
10,400













250
13,000













300
15,600













350
18,200













400
20,800













450
23,400













500
26,000













600
31,200













700
36,400













800
41,600













900
46,800













1,000
52,000













1,100
57,200













1,200
62,400













1,300
67,600













1,400
72,800













1,500
78,000













Meteorological Data: West LA (1981)









Emission Parameters: Engine Size - 35 hp, Engine Load Factor - 60%, Area Source.

Grey Shading shows Cancer Risks < 10/million








No Shading shows Cancer Risks ≥ 10/million and < 100/million







Horizontal Line Shading shows Cancer Risks ≥ 100/million







Annual emissions assume 52 weeks of operation
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oakland

		X		Y		AVERAGE		Oakland		ZELEV		AVE		GRP		NUM		HRS		NET		ID

		443.19385		80.5596		0.02203		6.609		PERIOD		ALLSRC		8784		MAX

		471.38461		70.299		0.01728		5.184		PERIOD		ALLSRC		8784		MAX

		518.36926		53.19799		0.01261		3.783		PERIOD		ALLSRC		8784		MAX

		565.35388		36.09698		0.00958		2.874		PERIOD		ALLSRC		8784		MAX

		612.3385		18.99598		0.00665		1.995		PERIOD		ALLSRC		8784		MAX

		659.32312		1.89497		0.00458		1.374		PERIOD		ALLSRC		8784		MAX

		706.3078		-15.20604		0.0033		0.99		PERIOD		ALLSRC		8784		MAX

		753.29242		-32.30704		0.00248		0.744		PERIOD		ALLSRC		8784		MAX

		800.27704		-49.40805		0.00194		0.582		PERIOD		ALLSRC		8784		MAX

		847.26166		-66.50906		0.00156		0.468		PERIOD		ALLSRC		8784		MAX

		894.24628		-83.61006		0.00129		0.387		PERIOD		ALLSRC		8784		MAX

		941.23096		-100.71107		0.00108		0.324		PERIOD		ALLSRC		8784		MAX

		988.21558		-117.81207		0.00092		0.276		PERIOD		ALLSRC		8784		MAX

		1035.2002		-134.91309		0.0008		0.24		PERIOD		ALLSRC		8784		MAX

		1082.18481		-152.01408		0.0007		0.21		PERIOD		ALLSRC		8784		MAX

		1129.16943		-169.1151		0.00062		0.186		PERIOD		ALLSRC		8784		MAX

		1176.15405		-186.21609		0.00055		0.165		PERIOD		ALLSRC		8784		MAX

		1223.13867		-203.31711		0.00049		0.147		PERIOD		ALLSRC		8784		MAX

		1270.12341		-220.41812		0.00045		0.135		PERIOD		ALLSRC		8784		MAX

		1317.10803		-237.51912		0.00041		0.123		PERIOD		ALLSRC		8784		MAX

		1364.09265		-254.62013		0.00037		0.111		PERIOD		ALLSRC		8784		MAX





sacramento

		X		Y		AVERAGE		Sacramento		ZELEV		AVE		GRP		NUM		HRS		NET		ID

		442.52615		95.85236		0.01432		4.296		PERIOD		ALLSRC		8784		CSAC

		469.71539		108.53091		0.0127		3.81		PERIOD		ALLSRC		8784		CSAC

		515.03076		129.66183		0.00899		2.697		PERIOD		ALLSRC		8784		CSAC

		560.34619		150.79274		0.00505		1.515		PERIOD		ALLSRC		8784		CSAC

		605.66156		171.92366		0.00274		0.822		PERIOD		ALLSRC		8784		CSAC

		650.97693		193.05457		0.00168		0.504		PERIOD		ALLSRC		8784		CSAC

		696.29236		214.18549		0.00114		0.342		PERIOD		ALLSRC		8784		CSAC

		741.60773		235.31639		0.00082		0.246		PERIOD		ALLSRC		8784		CSAC

		786.9231		256.4473		0.00063		0.189		PERIOD		ALLSRC		8784		CSAC

		832.23853		277.57822		0.0005		0.15		PERIOD		ALLSRC		8784		CSAC

		877.55389		298.70914		0.0004		0.12		PERIOD		ALLSRC		8784		CSAC

		922.86926		319.84006		0.00034		0.102		PERIOD		ALLSRC		8784		CSAC

		968.18469		340.97098		0.00029		0.087		PERIOD		ALLSRC		8784		CSAC

		1013.50006		362.10187		0.00025		0.075		PERIOD		ALLSRC		8784		CSAC

		1058.81543		383.23279		0.00021		0.063		PERIOD		ALLSRC		8784		CSAC

		1104.13086		404.36371		0.00019		0.057		PERIOD		ALLSRC		8784		CSAC

		1149.44617		425.49463		0.00017		0.051		PERIOD		ALLSRC		8784		CSAC

		1194.7616		446.62552		0.00015		0.045		PERIOD		ALLSRC		8784		CSAC

		1240.07703		467.75644		0.00013		0.039		PERIOD		ALLSRC		8784		CSAC

		1285.39233		488.88736		0.00012		0.036		PERIOD		ALLSRC		8784		CSAC

		1330.70776		510.01828		0.00011		0.033		PERIOD		ALLSRC		8784		CSAC





pico rivera

		X		Y		AVERAGE		Pico Rivera		ZELEV		AVE		GRP		NUM		HRS		NET		ID

		406.27383		95.85236		0.03837		11.511		PERIOD		ALLSRC		8760		PICO

		379.08459		108.53091		0.02689		8.067		PERIOD		ALLSRC		8760		PICO

		333.76923		129.66182		0.00968		2.904		PERIOD		ALLSRC		8760		PICO

		288.45383		150.79274		0.00672		2.016		PERIOD		ALLSRC		8760		PICO

		243.13843		171.92365		0.00534		1.602		PERIOD		ALLSRC		8760		PICO

		197.82304		193.05457		0.00398		1.194		PERIOD		ALLSRC		8760		PICO

		152.50766		214.18547		0.00303		0.909		PERIOD		ALLSRC		8760		PICO

		107.19226		235.31638		0.00238		0.714		PERIOD		ALLSRC		8760		PICO

		61.87687		256.4473		0.00192		0.576		PERIOD		ALLSRC		8760		PICO

		16.56148		277.57822		0.00158		0.474		PERIOD		ALLSRC		8760		PICO

		-28.75391		298.70911		0.00133		0.399		PERIOD		ALLSRC		8760		PICO

		-74.0693		319.84003		0.00113		0.339		PERIOD		ALLSRC		8760		PICO

		-119.38469		340.97095		0.00098		0.294		PERIOD		ALLSRC		8760		PICO

		-164.70007		362.10184		0.00086		0.258		PERIOD		ALLSRC		8760		PICO

		-210.01547		383.23276		0.00076		0.228		PERIOD		ALLSRC		8760		PICO

		-255.33086		404.36368		0.00067		0.201		PERIOD		ALLSRC		8760		PICO

		-300.64624		425.49457		0.00061		0.183		PERIOD		ALLSRC		8760		PICO

		-345.96164		446.62549		0.00055		0.165		PERIOD		ALLSRC		8760		PICO

		-391.27704		467.75641		0.0005		0.15		PERIOD		ALLSRC		8760		PICO

		-436.59241		488.88733		0.00045		0.135		PERIOD		ALLSRC		8760		PICO

		-481.90781		510.01822		0.00042		0.126		PERIOD		ALLSRC		8760		PICO





West LA

		X		Y		AVERAGE		CONC		ZELEV		AVE		GRP		NUM		HRS		NET		ID

		442.52615		95.85236		0.03824		11.472		PERIOD		ALLSRC		8760		CWLA				0.04232

		469.71539		108.53091		0.02937		8.811		PERIOD		ALLSRC		8760		CWLA				0.03187

		515.03076		129.66183		0.02272		6.816		PERIOD		ALLSRC		8760		CWLA				0.02449

		560.34619		150.79274		0.01776		5.328		PERIOD		ALLSRC		8760		CWLA				0.01794

		605.66156		171.92366		0.01192		3.576		PERIOD		ALLSRC		8760		CWLA				0.01316

		650.97693		193.05457		0.00795		2.385		PERIOD		ALLSRC		8760		CWLA				0.00987

		696.29236		214.18549		0.00552		1.656		PERIOD		ALLSRC		8760		CWLA				0.00763

		741.60773		235.31639		0.00403		1.209		PERIOD		ALLSRC		8760		CWLA				0.00607

		786.9231		256.4473		0.00307		0.921		PERIOD		ALLSRC		8760		CWLA				0.00496

		832.23853		277.57822		0.00243		0.729		PERIOD		ALLSRC		8760		CWLA				0.00413

		877.55389		298.70914		0.00197		0.591		PERIOD		ALLSRC		8760		CWLA				0.00349

		922.86926		319.84006		0.00164		0.492		PERIOD		ALLSRC		8760		CWLA				0.003

		968.18469		340.97098		0.00138		0.414		PERIOD		ALLSRC		8760		CWLA				0.00261

		1013.50006		362.10187		0.00119		0.357		PERIOD		ALLSRC		8760		CWLA				0.0023

		1058.81543		383.23279		0.00103		0.309		PERIOD		ALLSRC		8760		CWLA				0.00204

		1104.13086		404.36371		0.00091		0.273		PERIOD		ALLSRC		8760		CWLA				0.00182

		1149.44617		425.49463		0.0008		0.24		PERIOD		ALLSRC		8760		CWLA				0.00164

		1194.7616		446.62552		0.00072		0.216		PERIOD		ALLSRC		8760		CWLA				0.00148

		1240.07703		467.75644		0.00064		0.192		PERIOD		ALLSRC		8760		CWLA				0.00135

		1285.39233		488.88736		0.00058		0.174		PERIOD		ALLSRC		8760		CWLA				0.00124

		1330.70776		510.01828		0.00053		0.159		PERIOD		ALLSRC		8760		CWLA
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0.00138

0.0008

0.00025

0.00086

0.00119

0.0007

0.00021

0.00076

0.00103

0.00062

0.00019

0.00067

0.00091

0.00055

0.00017

0.00061

0.0008

0.00049

0.00015

0.00055

0.00072

0.00045

0.00013

0.0005

0.00064

0.00041

0.00012

0.00045

0.00058

0.00037

0.00011

0.00042

0.00053



compare concentrations

		distance		Oakland		Sacramento		Pico Rivera		West LA

		20		0.02203		0.01432		0.03837		0.03824

		50		0.01728		0.0127		0.02689		0.02937

		100		0.01261		0.00899		0.00968		0.02272

		150		0.00958		0.00505		0.00672		0.01776

		200		0.00665		0.00274		0.00534		0.01192

		250		0.00458		0.00168		0.00398		0.00795

		300		0.0033		0.00114		0.00303		0.00552

		350		0.00248		0.00082		0.00238		0.00403

		400		0.00194		0.00063		0.00192		0.00307

		450		0.00156		0.0005		0.00158		0.00243

		500		0.00129		0.0004		0.00133		0.00197

		550		0.00108		0.00034		0.00113		0.00164

		600		0.00092		0.00029		0.00098		0.00138

		650		0.0008		0.00025		0.00086		0.00119

		700		0.0007		0.00021		0.00076		0.00103

		750		0.00062		0.00019		0.00067		0.00091

		800		0.00055		0.00017		0.00061		0.0008

		850		0.00049		0.00015		0.00055		0.00072

		900		0.00045		0.00013		0.0005		0.00064

		950		0.00041		0.00012		0.00045		0.00058

		1000		0.00037		0.00011		0.00042		0.00053





compare concentrations

		1		1		1		1
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