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1.0 Introduction 

This health risk assessment (HRA) has been performed to evaluate potential health risks from emissions 
from the proposed Syar Industries, Inc. (Syar)’s mining operation at the Alexander Valley in Sonoma 
county, California.  The HRA evaluates the maximum individual cancer risk (MICR) and non-cancer acute 
and chronic impacts to determine the potential significance of health impacts.   

This HRA is prepared in support of an environmental impact analysis required under California 
Environmental Quality Act (CEQA) for assessing potential impacts of Syar’s request for an Aggregate 
Resource Management Plan (ARM Plan) amendment, Sonoma County Surface Mining and Reclamation 
Ordinance (SMARO) amendment, use permit and approval of a reclamation plan to mine up to 15 gravel 
bars along a 6.5-mile stretch of the Russian River.  The proposed action would allow for continued 
commercial extraction of aggregate from the specified gravel bars of the Russian River within the 
Alexander Valley reach in Sonoma County, California. 

1.1 Project Background 
Syar proposes in-stream gravel mining within the Russian River located in the Alexander Valley near 
Healdsburg, California in northern Sonoma County.  The Alexander Valley reach extends from the 
confluence of Big Sulphur Creek near Cloverdale (approximately 8.5 miles upstream of the study area) to 
the Alexander Valley Road Bridge (approximately 1.5 miles downstream of the study area).  The study 
area includes approximately 6.5 miles of river (upstream bar to downstream bar) and is at the southern 
extent of the Alexander Valley, generally located southeast of Gill Creek and northwest of the Jimtown 
Bridge. The 6.5-mile reach of the Russian River where gravel bars are proposed to be mined is 
surrounded by vineyards, riparian vegetation, and scattered rural residential sites.  Figure 1 shows the 
location of the entire study area in the context of its regional vicinity. 

Syar proposes to extract sand and gravel from the site within a proposed 15-year use permit period. 
Mining operations would consist of relocation of large woody debris only in areas where mining would 
occur, removal of giant reed (Arundo donax), transplanting activities, skimming (excavation and loading of 
sand and gravel) activities, salvage and reuse of soil, and removal of equipment.  The primary extraction 
method would be the horseshoe skim, with supplemental skimming methods (i.e., alcove, oxbows, 
floodplain skim, and effective discharge stage height), used where opportunities for habitat enhancement 
exist. Skimming under all methods would involve the use of mechanical equipment and would be limited 
to non-wetted areas.  The project includes the loading of sand and gravel onto trucks and hauling to the 
Healdsburg processing facility. Diesel-fuel equipment will be used to perform the mining operation and to 
transport the gravel and sands to the processing plant.  Syar proposes to conduct mining operations 
during the dry season from June 1st through November 1st for 100 to 110 days. The mining operations 
will be conducted Monday through Friday, during daylight hours only (starting from 6 a.m. and ending as 
late as 9:30 p.m. as daylight allows). 
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2.0 Health Risk Assessment Methodology  

This HRA includes three quantitative determinations: hazard identification, exposure assessment and risk 
characterization.  DPM emissions from the operation of off-road and on-road equipments were estimated 
using emission factors for off-road and on-road diesel engines.  Exposure calculations were performed 
using air dispersion modeling analysis to predict ground-level air concentrations for DPM.  Results of the 
air modeling exposure predictions were then applied with respective cancer potency factors to 
characterize cancer risk associated with predicted levels of exposure.  

At the request of the Northern Sonoma County Air Pollution Control District (NSCAPCD), the regional air 
quality agency for the area of the Syar project, emission of acrolein were included in the HRA for 
evaluating potential short term and chronic non-cancer health impacts.  Acrolein concentrations were 
estimated from the predicted DPM concentrations based on California Air Resources Board (CARB) 
reported acrolein to diesel ratio of 0.013 (CARB, 2008).  The estimated acrolein concentrations were 
compared to existing and proposed Office of Environmental Health Hazard Assessment (OEHHA) chronic 
and acute reference exposure levels (REL) to determine if the project resulted in significant chronic 
and/or short-term acute impact.  

The methods used to assess potential human health risks from the proposed project are consistent with 
those prepared by The Air Toxics Hot Spots Program Guidance Manual for Preparation of Health Risk 
Assessments (OEHHA, 2003) which describes algorithms, exposure methods, and cancer and non-
cancer health values needed to perform a HRA under the Air Toxics Hot Spots Information and 
Assessment Act of 1987 (Hot Spots or AB 2588, Health and Safety Code Section 44360 et seq.).  This 
manual is generally considered the best available reference for conducting human health risk assessment 
in California. 

2.1 Hazard Identification 
Hazard identification refers to the identification of substances as carcinogens, reproductive toxins, chronic 
toxins, or acute toxins, or to the identification of a type of exposure as hazardous.  For this proposed 
project, DPM designated as a Toxic Air Contaminant (TAC) by CARB in 1998 is the pollutant of concern.  
In 1990, the State of California administratively listed under Proposition 65 the particulates formed in the 
exhaust of diesel-powered equipment as a chemical known to the State to cause cancer.  For estimating 
risks due to diesel particulate matter exhaust, the risk assessment methodology used was consistent with 
that employed by the CARB in the document entitled Risk Reduction Plan to Reduce Particulate Matter 
Emissions from Diesel-Fueled Engines and Vehicles (ARB, 2000).  Acrolein, another designated TAC and 
a constituent of the diesel emissions, has non-cancer chronic and short-term acute impacts and is 
therefore also evaluated in this HRA.  The 1-hour and annual average acrolein concentrations are 
compared against state regulatory levels. 

2.1.1 Sources of DPM Emissions  
The TAC evaluated for potential health risks from operation of the proposed project is particulate 
emissions from off-road and on-road diesel-fueled engines.  Two discrete areas of DPM sources 
identified for modeling include the proposed mining gravel bars and the haul roads used by trucks to 
transport raw materials, sand and gravel to the processing plant.  Off-road diesel engines are used in the 
gravel bar mining operations whereas on-road heavy duty haul trucks are operated between the gravel 
bars and the processing facility.   
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DPM Emissions from Gravel Bar Mining Equipment 

The equipment types and number were based on information supplied by Syar and include one motor 
grader, one dozer, one loader and one water truck.  Daily emissions of DPM from diesel-fueled gravel bar 
mining equipments were quantified using Equation 1 below and are presented in Table 1.  Based on 
Equation 1 a total DPM emission for the equipments is calculated as 1.9 lb/day. 

DPM =  EF1 x HP x T Eq. 1 

Where, 

EF1 = Emission factor, gram/hp-hour 
HP = Effective horsepower of equipment, HP 

T = Hours of operation, hours/day 

Table 1: DPM Emission - Off-road Mining 

Source 

PM10 Emission 
Factor(1) Operating 

Hours per 
Day 

DPM Emission Rate 

lbs/day g/day g/s lb/yr lb/hr 

SD-1 1.9 861.83 16.5 1.45E-02 209 1.15E-01 

SD-2 1.9 861.83 16.5 1.45E-02 209 1.15E-01 

SD-4 1.9 861.83 16.5 1.45E-02 209 1.15E-01 

SD-5 1.9 861.83 16.5 1.45E-02 209 1.15E-01 

S-4 1.9 861.83 16.5 1.45E-02 209 1.15E-01 

S-5 1.9 861.83 16.5 1.45E-02 209 1.15E-01 

S-6 1.9 861.83 16.5 1.45E-02 209 1.15E-01 

S-7 1.9 861.83 16.5 1.45E-02 209 1.15E-01 

S-8 1.9 861.83 16.5 1.45E-02 209 1.15E-01 

S-9 1.9 861.83 16.5 1.45E-02 209 1.15E-01 

S-10 1.9 861.83 16.5 1.45E-02 209 1.15E-01 

S-11 1.9 861.83 16.5 1.45E-02 209 1.15E-01 

S-12 1.9 861.83 16.5 1.45E-02 209 1.15E-01 

(1) Emissions calculated based on off-road emission factor in Construction Emissions Model 
(Version 5.2) (Sacramento Metropolitan Air Quality Management District, SMAQMD) as 
provided in Draft EIR.  

DPM Emissions from Haul Trucks 

DPM emissions from haul trucks include both running and idling emissions as shown in Tables 2 and 3. 
Equations 2 and 3 below were used to estimate the DPM emissions from haul trucks: 
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DPM running = EF2 x M x Trip Eq. 2 

Where 

EF2 = Emission factor, g/mile  
M = Miles traveled per trip for various routes 

Trip = Trips per day 

DPM idling=EF3 x IT x Trip Eq. 3 

Where 
EF3 = Emission factor, g/idling-hour (from EMFAC2007 model run) 

IT = Idling Time 
Trip = Trips per day 

Table 2: DPM Emission - Haul Truck Running 

Route 
No. 

Length 
(mi.) 

Emission 
Factor(1) 

(g/mi) 

Trips 
per Day 

Hours 
per Day

DPM Emissions 

g/s  lb/yr lb/hr 

2A 3.38 0.24 480 12 9.03E-03 9.46E+01 7.16E-02 

2B 0.21 0.24 480 12 5.47E-04 5.73E+00 4.34E-03 

3 1.51 0.24 480 12 4.03E-03 4.22E+01 3.20E-02 

4 0.59 0.24 480 12 1.57E-03 1.64E+01 1.24E-02 

5 1.45 0.24 480 12 3.87E-03 4.06E+01 3.07E-02 

6 1.36 0.24 480 12 3.64E-03 3.81E+01 2.89E-02 

7 0.51 0.24 480 12 1.35E-03 1.41E+01 1.07E-02 

8 0.36 0.24 480 12 9.61E-04 1.01E+01 7.63E-03 

(1) Emissions calculated based on off-road emission factor in SMAQMD Construction Emissions Model 
(Version 5.2) as provided in Draft EIR. 

Table 3: DPM Emission - Haul Truck Idling 

Trips 
per Day 

Idle 
Emission 
Factor(1) 

(g/s) 

Idle Time 
Per Trip 
(min.) 

Total 
Idle 

Time 
(min.) 

Hours 
per 
Day 

DPM Emissions 

g/s lb/yr lb/hr 

480 0.00048 10 4800 12 3.20E-03 3.35E+01 2.54E-02 

(1) EMFAC2007 Emission Factors  

Detailed emission calculations are provided in Appendix A.  Because of the lack of specific acrolein 
emission rates in the CARB database, CARB reported acrolein to DPM ratio of 0.013 was used to 
estimate acrolein concentrations from the model predicted DPM concentrations (CARB 2008).  The 
calculated DPM emission rates from Equations 1, 2 and 3 were inputs to the air dispersion model to 
estimate the annual ground level concentrations.  
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2.2 Exposure Assessment 
Exposure assessment is the identification and quantification of all routes of human exposure to the 
substances of concern.  Exposure assessment is performed using air dispersion model.  The Industrial 
Source Complex Short Term (ISCST3) Version 02035 air dispersion model was used to determine 
ground-level DPM concentrations.  ISCST3 was used in the rural mode with all model option switches set 
to regulatory-default settings.  ISCST3 was used exclusively for the evaluation of cancer risk impacts from 
DPM emissions.  Because DPM emissions were evaluated as a single pollutant in ISCST3, actual 
emission rates from each emission source were modeled in the dispersion analysis.  As discussed earlier 
annual and 1-hour acrolein concentrations were estimated from model predicted DPM concentrations 
using CARB reported “acrolein to DPM” ratio (CARB 2008).  The estimated concentrations were then 
compared against OEHHA’s proposed acceptable acute and chronic exposure levels.   

2.2.1 Emission Source 

Emission Rate 

The proposed gravel bar mining is scheduled to occur in several phases.  Each phase will include 
activities that use diesel-fueled off-road and on-road equipments and trucks that generate DPM 
emissions.  Emission rates are determined based on methods presented in Sections 2.1.1.  

Modeling Phases 

Syar proposes to mine the bars in a phased manner so the skimming of the bars would occur on an 
approximately six-year cycle over the proposed 15-year life of the use permit.  The phasing was 
developed to produce a maximum of 350,000 tons of sand and gravel annually.  Only one, or at most two, 
instream bars would be skimmed in one season.  Syar has identified certain bars to be skimmed during 
the first six phases, including bars SD-4, SD-5, S-4, S-7, S-8, S-9a, S-13, and S-14.  These bars were 
selected because they have been identified as depositional areas, or as areas with lateral erosion issues, 
thus necessitating mining to remove the aggregate.  Syar proposes to mine the additional eight bars if 
resource agencies determine that mining of these bars is necessary to meet river management goals.  
The phasing of the mining operations is tentative and would depend on the conditions of the bars, which 
would be confirmed annually prior to mining operations as part of the Adaptive Management Strategy 
(AMS). 

For the purposes of modeling and risk calculations, six tentative phases are identified with specific 
emission sources in each phase as shown in Table 4.  The individual emission sources within each phase 
are grouped together during the dispersion modeling to obtain ground level concentrations for each phase 
at the modeled receptors.  Cancer risk is then calculated for all the six phases using the predicted annual 
DPM concentration to identify the worst-case mining phase. 

In addition, Syar has grouped the gravel bars and associated haul routes along the 6.5 mile stretch of the 
Russian River into three regions (Reach 1, 2 and 3) based on their relative locations as shown in Table 5.  
Reach 1 contains 7 gravel bars; Reach 2 contains 6 gravel bars, and Reach 3 contains 2 gravel bars. The 
operations in each of the three reaches were also grouped together during dispersion modeling to predict 
DPM concentrations.  The emissions modeled from each of group will be higher due to the assumption 
that all the equipments in each of the reach are operated simultaneously (which is unlikely) and therefore 
the each group represents a worst-case concentration and risk scenario.   
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Table 4: Tentative Phasing of the Gravel Bar Mining Operations 

Phase 
Emission Source 

Gravel Bar Haul Truck - 
Running Haul Truck - Idling 

Phase 1 SD-4, SD-5 RTE2A, RTE2B IDLE2A, IDLE2B 

Phase 2 S13 RTE6 IDLE6 

Phase 3 S4 RTE2A, RTE2B IDLE2A, IDLE2B 

Phase 4 S9A, S14 RTE5, RTE6 IDLE5, IDLE6 

Phase 5 S8 RTE5 IDLE5 

Phase 6 S7, S8 RTE5 IDLE5 

Table 5: Gravel Bar Mining Area Reaches 

Phase 
Emission Source 

Gravel Bar Haul Truck Running Haul Truck Idling 

Reach 1 S8, S9A, S10, S11, 
S12, S13, S14, RTE6, RTE7, RTE8 IDLE6, IDLE7, IDLE8 

Reach 2 S4, S5, SD-4, SD-5, S6, 
S7 

RTE2A, RTE2B, 
RTE3, RTE4, RTE5 IDLE3&4, IDLE5 

Reach 3 SD-1, SD-2 RTE2A, RTE2B IDLE2A, IDLE2B 

Modeling Areas 

Dimensions and configuration of the areas near each bar and each haul truck route were digitized using 
aerial photographs.  The digitized dimensions for each bar and each truck routes are inputs to the 
ISCST3 domain.  Modeling was performed using a Universal Transverse Mercator (UTM), zone 10 
NAD83 datum coordinate system. 

Modeled Source Release Parameters 

DPM emissions from the mining equipment exhaust and haul truck exhaust were modeled as line source 
represented by a string of adjacent volume sources.  Haul truck idling emissions were modeled as volume 
sources.  The vertical dimension of volume source was assumed to be 5 meters with the initial vertical 
dimension of the volume source calculated as the vertical dimension divided by 4.3.  The release height 
for all the sources was assumed to at half the vertical dimension of the volume source, i.e., 2.5 meters. 
Because there were no point sources in the modeling analysis, no building downwash was required.  
Also, because all receptors are located in terrain at or below the source release height with no point 
sources with plume rise, elevated terrain was not applicable to the air dispersion modeling analysis.  
Figure 2 shows the emissions sources modeled for this HRA.  

2.2.3 Terrain 
Because all receptors are located in terrain at or below the source release height with no point sources 
with plume rise, elevated terrain was not applicable to the air dispersion modeling analysis. 
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2.2.4 Meteorological Data 

The ISCST3 air dispersion model used in this HRA requires at least one complete year of regional 
sequential hourly meteorological data.  The NSCAPCD recommended that meteorological data from the 
Healdsburg monitoring station be used in this HRA because weather patterns in Healdsburg are unique 
and that local meteorological data would produce the most realistic results.  Meteorological data approved 
for use in a prior risk assessment in the area were used for this analysis.  Healdsburg meteorological data 
was used in the emissions modeling analysis to determine the highest annual and 1-hour concentrations.  
A wind rose for the meteorological station for the year 1999 is presented in Figure 3. 

2.2.5 Receptors 

This HRA evaluated health risks to sensitive receptors (residents) near the mining areas and along the 
truck routes.  To determine maximum impacts at actual receptor locations, sensitive receptors (residents) 
located within the areas from the gravel bars to the US FWY101 including truck routes were identified 
using aerial photographs.  The shortest distance between a potential receptor and the gravel bar was 91 
meters (located near Bar S9a).  Figure 2 shows modeled receptors around the mining area and haul 
trucks routes. 

2.3 Risk Characterization 
Risk characterization is the final step of the HRA.  It quantifies the human health risk based on the 
exposure assessment and dose-response relationships.  Potential health impacts were determined 
using the estimation of dose and exposure through inhalation methods described in Section 5.4 of the 
OEHHA HRA Guidelines.  The chief exposure assumption for cancer risk is one of continuous exposure 
to DPM concentrations produced by continuous emissions at the maximum emission rates over a 70-
year period at each receptor location.  Actual risks are not expected to be any higher than the 70-year 
predicted risks and are likely to be substantially lower.  

Potential cancer risks due to toxic emissions from the proposed mining operations were calculated as the 
individual excess lifetime cancer risk.  The individual excess lifetime cancer risk is a probability that, due 
to a lifetime exposure to the chemicals of concern, an individual may get cancer.  Cancer risk is computed 
based on Equation 4: 

Risk = C x DBR x EF x ED x SF/AT Eq. 4 

Where 

C = DPM ground-level Conc. at the receptor ug/m3 

DBR = Daily Breathing rate (L/kg BW – day) 

EF = Exposure frequency – number of days per year an exposure occurs (days/yr) 

ED = Exposure duration – number of years of a lifetime during which an exposure occurs (years) 

SF = DPM inhalation cancer slope factor (mg/kg-day)-1 

AT = Averaging time – number of days in a 70-year lifespan (days) 

According to the OEHHA guidance, the risk analysis should be performed based on available site-
specific data to provide an accurate estimate of risk.  Since the proposed mining operation will last only 
15 years, a 15-year exposure duration was used instead of the default 70-year exposure duration. In 
addition, since the mining operation will occur for about 110 operating days per year, this was used as 
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the exposure frequency rather than the 350 days per year used in the Tier 1 70-yr risk analysis.  Table 6 
shows the parameters for the risk calculations. 

Table 6: HRA Input Parameters 

Parameters Values 

DPM Ground-level Concentration at each 
receptors, ug/m3 

Outputs from ISCST3 model 

Inhalation Rate (L/kg-BW-day) 393 

Exposure frequency (days/yr) 110 

Exposure duration (years) 15 

DPM slope factor (mg/kg-day)-1 1.1 

Days in lifetime (days) 25,550 

Risk impacts from DPM emissions were evaluated in this analysis using health values approved and 
published by the OEHHA and the CARB for use in facility HRA’s conducted for the AB 2588 Air Toxics 
Hot Spots Program (CARB, 2008).  Table 7 lists the OEHHA adopted inhalation slope factors, non-cancer 
acute and chronic RELs.  The cancer potency factors and RELs used are the most recent values updated 
in July 2008.   

Table 7: Risk Assessment Health Values for Substances of Potential Concern 

Compound (CAS Number) 

Cancer Risk Non-cancer Effects 

Inhalation 
Cancer 
Potency 

(mg/kg-day)-1 

Inhalation 
Unit Risk 
(μg/m3)-1 

Chronic Inhalation 
Reference 

Exposure Level 
(μg/m3) 

Acute Inhalation 
Reference 

Exposure Level 
(μg/m3) 

Acrolein -- -- 6.0E-02 1.9E-01 

Diesel Particulate Matter (9901) 1.1E+00 3.0E-04 5.0 E+00 --

Source: OEHHA, 2008 
1. Benzo(a)pyrene (CAS number shown) was modeled as a surrogate carcinogen for all PAH emissions. 

For inhalation of non-carcinogen acrolein, the OEHHA guidance compares the estimated exposure 
concentrations directly to the REL to see if they are exceeded.  For acrolein, the 1-hour maximum 
concentrations (DPM concentrations adjusted for acrolein) were compared to the Acute REL, and the 
annual averages were compared to the Chronic REL.  Because OEHHA has proposed changing both the 
acute and chronic RELS (OEHHA, 2007), the concentrations were compared to both the existing and 
proposed RELS.  For 1-hour exposures, the existing acute REL is 0.19 ug/m3 and the proposed is 2.3.  
For long-term exposures, the existing chronic REL is 0.06 ug/m3 and the proposed is 0.10 ug/m3. 
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Figure 1: Syar Mining Location 

Legend: The blue areas represent the mining bars and haul routes modeled in the study. 

Document No.:  02450-031 9 
 



 

    

 

 

 
 

 
 

 

 

 

 

 

 

 

Figure 2: Modeled Emission Sources 

Legend: Blue line represents line sources which are modeled as volume sources.  Please 
note that the idling emission sources are associated with each travel route (RTE on the 
diagram) and are modeled to the inner end of the route (towards the gravel bars represented 
by SD1 etc.) and are not shown on the plot.  Green symbols represent modeled receptors. 
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Figure 3: Wind-rose for Meteorological Station: 23230 (Year 1999) 
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3.0 Health Risk Assessment Results 
This report presents an evaluation of the potential cancer risks from DPM emissions associated with 
proposed gravel mining at the Alexander Valley in Sonoma County, California.  In addition, non-cancer 
impacts from acrolein were evaluated by comparing 1-hour maximum and average annual concentrations 
of acrolein to their respective acute and chronic RELs.  

DPM Cancer Risk 

The mining of the gravel bars will be conducted in six phases with a specific emission signature for each 
phase.  In addition, based on relative locations, Syar has grouped the gravel bars and associated haul 
routes along the 6.5 mile stretch of the Russian River into three regions (Reach 1, 2 and 3).  Cancer risks 
were calculated for each of 6 phases and each of the three reaches at the maximum impacted receptor 
(identified from dispersion modeling). The ISCST3 predicted DPM concentrations for the 3 reaches 
represent worst-case scenario as each reach is modeled for the simultaneous operation of all the 
emission sources within the reach.   Annual average ground-level diesel concentrations predicted for 
each of the six phases and the three reaches are presented in Table 8. 

Table 8: Modeled DPM Maximum Concentrations 

Source 
Maximum DPM Concentration (ug/m3) 

Annual Receptor Number 
(UTME,UTMN) 1-hr Receptor Number 

(UTME,UTMN) 

All Sources 0.16397 164 
(508458.19, 4285894.00) 12.78974 164 

(508458.19, 4285894.00) 

Phase 1 0.03846 16 
(511141.38, 4279346.50) 5.07008 197 

(512027.63, 4281054.00) 

Phase 2 0.05443 203 
(506503.41, 4286049.50) 3.71609 201 

(506126.41, 4286277.00) 

Phase 3 0.03794 16 
(511141.38, 4279346.50) 3.44221 84 

(510361.06, 4282869.00) 

Phase 4 0.06567 149 
(509166.09, 4285306.50) 9.16475 150 

(509121.25, 4285340.50) 

Phase 5 0.04714 207 
(508685.75, 4284000.50) 4.34482 150 

(509121.25, 4285340.50) 

Phase 6 0.05636 126 
(508749.00, 4284601.00) 4.74613 139 

(508612.22, 4285057.00) 

Reach 1 0.15443 164 
(508458.19, 4285894.00) 9.16475 150 

(509121.25, 4285340.50) 

Reach 2 0.0794 210 
(509029.38, 4283700.00) 7.5082 165 

(508478.91, 4285884.00) 

Reach 3 0.057834 53 
(511917.31, 4281165.00) 3.57961 214 

(514093.78, 4281071.50) 

The estimated DPM average concentrations were then used to calculate theoretical lifetime cancer risks 
for receptor with the greatest potential for exposure based on the OEHHA algorithm presented in Section 
2.3. The calculated maximum cancer risk is referred to as the individual cancer risk to the maximum 
exposed individual (MEI).  Risk is expressed as the number of cancer cases per million populations that 
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may result from exposure to DPM over a lifetime. Calculated risk estimates for DPM were compared to 
the risk “threshold” of 10-in-a-million to determine their significance.  Risks less than this threshold would 
be considered insignificant. This threshold is used by several regulatory and permitting agencies 
(California EPA, Bay Area Air Quality Management District, and NSCAPCD) to evaluate the incremental 
risk associated with release of compounds from a new source.  

Theoretical lifetime risks were estimated based on a 15-year operating cycle based on the proposed 
operating period. Table 9 presents the MEI cancer risks for the 15-year exposure duration.  A 9-year 
analysis was also run to account for any child exposures and the results are presented in Table 10. 

As shown in Table 9, the highest MEI cancer risk among the six phases occurs during Phase 4 of the 
project.  This risk is 1.8-in-a-million, which does not exceed the 10-in-a-million threshold.  The cancer risk 
from the simultaneous operation of all the emission sources in each of the reaches resulted in a 
maximum of 4.3-in-a-million for Reach 1.  The maximum cancer risk of 4.6-in-a-million results when all the 
emission sources in the entire mining stretch are operated simultaneously, a situation which is highly 
unlikely. 

Table 9: DPM Cancer Risk – 15 Year Exposure 

Cancer Risk = (Slope factor x Cair x DBR x A x EF x ED x 10^-6)/AT 

Source 
Groups 

Annual 
Concentration 

(ug/m3) 
Maximum Impacted 

Receptor (UTME, UTMN) 

Cancer Risk 

SF 
(mg/kg/day)-1 

RISK 
(per million) 

All Sources 0.16397 164 (508458.19, 4285894.00) 1.1E+00 4.6E-06 

Phase 1 0.03846 16 (511141.38, 4279346.50) 1.1E+00 1.1E-06 

Phase 2 0.05443 203 (506503.41, 4286049.50) 1.1E+00 1.5E-06 

Phase 3 0.03794 16 (511141.38, 4279346.50) 1.1E+00 1.1E-06 

Phase 4 0.06567 149 (509166.09, 4285306.50) 1.1E+00 1.8E-06 

Phase 5 0.04714 207 (508685.75, 4284000.50) 1.1E+00 1.3E-06 

Phase 6 0.05636 126 (508749.00, 4284601.00) 1.1E+00 1.6E-06 

Reach 1 0.15443 164 (508458.19, 4285894.00) 1.1E+00 4.3E-06 

Reach 2 0.07940 210 (509029.38, 4283700.00) 1.1E+00 2.2E-06 

Reach 3 0.05783 53 (511917.31, 4281165.00) 1.1E+00 1.6E-06 

Exposure factors used to calculate contaminant intake:  

DPM Slope Factor (mg/kg-day) = 1.1 

Exposure Frequency EF (days/year) = 110 

Exposure Duration ED (years) = 15 

Daily Breathing Rate (liters/kg-day) = 393 

Averaging time AT (days) = 25550 

A = 1 
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A 9-year analysis was also run to account for any child exposures and the results are presented in Table 
10. As can be seen, the maximum cancer risks estimated at the maximum impacted receptor at each 
phase and reach do not exceed cancer significance thresholds.  Thus the operations at Alexander Valley 
mining do not result in cancer risk greater than the cancer significance threshold. 

Table 10: DPM Cancer Risk - 9 Year Exposure 

Cancer Risk = (Slope factor x Cair x DBR x A x EF x ED x 10^-6)/AT 

Source 
Groups 

Annual 
Concentration 

(ug/m3) 
Maximum Impacted Receptor 

(UTME, UTMN) 

Cancer Risk 

SF 
(mg/kg/day)-1 

RISK 
(per million) 

All Sources 0.16397 164 (508458.19, 4285894.00) 1.1E+00 4.1E-06 

Phase 1 0.03846 16 (511141.38, 4279346.50) 1.1E+00 9.5E-07 

Phase 2 0.05443 203 (506503.41, 4286049.50) 1.1E+00 1.3E-06 

Phase 3 0.03794 16 (511141.38, 4279346.50) 1.1E+00 9.4E-07 

Phase 4 0.06567 149 (509166.09, 4285306.50) 1.1E+00 1.6E-06 

Phase 5 0.04714 207 (508685.75, 4284000.50) 1.1E+00 1.2E-06 

Phase 6 0.05636 126 (508749.00, 4284601.00) 1.1E+00 1.4E-06 

Reach 1 0.15443 164 (508458.19, 4285894.00) 1.1E+00 3.8E-06 

Reach 2 0.07940 210 (509029.38, 4283700.00) 1.1E+00 2.0E-06 

Reach 3 0.05783 53 (511917.31, 4281165.00) 1.1E+00 1.4E-06 

Exposure factors used to calculate contaminant intake:  

DPM Slope Factor (mg/kg-day) = 1.1 

Exposure Frequency EF (days/year) = 110 

Exposure Duration ED (years) = 9 

Daily Breathing Rate (liters/kg-day) = 581 

Averaging time AT (days) = 25550 

Conversion factor = 1.00E-05 

A = 1 

Impact of Acrolein Emissions 

This HRA also evaluated the maximum and average acrolein concentrations in relationship to California 
Regulatory Levels. For inhalation of acrolein, the OEHHA guidance compares the estimated exposure 
concentrations directly to the REL to see if they are exceeded.  For acrolein, the 1-hour maximums were 
compared to the Acute REL, and the annual average was compared to the Chronic REL.  Because 
OEHHA has proposed changing both the acute and chronic RELs (OEHHA, 2007), the concentrations 
were compared to both the existing and proposed RELS. For 1-hour exposures, the existing AREL is 0.19 
ug/m3 and the proposed AREL is 2.3.  For long-term exposures, the existing CREL is 0.06 ug/m3 and the 
proposed CREL is 0.10 ug/m3. Acrolein’s impact is mainly as a powerful irritant to the eyes and inhalation 
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pathways, including the throat and lungs.  The proposed acute REL of 2.3 ug/m3 is set at a level to protect 
against eye irritation.  The proposed chronic REL of 0.10 ug/m3 is set at a level to prevent lesions of the 
lung due to long-term exposure.  OEHHA’s proposed acceptable acute and chronic exposure levels for 
acrolein are considered as appropriate and are used in this assessment. 

Table 11 summarizes the estimated annual average and 1-hr DPM air concentrations and estimated 
acrolein concentrations at the maximum exposed receptor locations for all the phases and reaches 
modeled in this study.  These results demonstrate that the estimated annual average and maximum 1-hr 
acrolein concentrations associated with the proposed activities at the Syar operations are much less than 
the pre-existing statewide ambient air background level of 1.2 ug/m3 (0.53 ppbv) (OEHHA 2007) that has 
been measured in California. In short, acrolein emissions from proposed activities at the Syar facility 
would result in lower concentrations than found in ambient air throughout the state.  None of the 
concentrations exceed either the existing chronic REL of 0.06 ug/m3 or the proposed value of 0.10 or the 
existing acute REL of 0.19 ug/m3 or the proposed value of 2.3 ug/m3. Even the highly unlikely operating 
scenario including simultaneous operation of all the emission sources in all three reaches do not exceed 
the regulatory levels.  

Table 11: Estimated Annual and 1-hr Maximum Acrolein Concentrations  

DPM Concentration 
(ug/m3) 

Acrolein 
Concentration(1) (ug/m3) REL (ug/m3) 

Source Annual 1-hr Annual 1-hr Chronic Acute 
Exceed 
Chronic 

Threshold? 

Exceed 
Acute 

Threshold? 

All Sources 0.16397 12.78974 2.13E-03 1.66E-01 0.06 0.19 No No 

Phase 1 0.03846 5.07008 5.00E-04 6.59E-02 No No 

Phase 2 0.05443 3.71609 7.08E-04 4.83E-02 No No 

Phase 3 0.03794 3.44221 4.93E-04 4.47E-02 No No 

Phase 4 0.06567 9.16475 8.54E-04 1.19E-01 No No 

Phase 5 0.04714 4.34482 6.13E-04 5.65E-02 No No 

Phase 6 0.05636 4.74613 7.33E-04 6.17E-02 No No 

Reach 1 0.15443 9.16475 2.01E-03 1.19E-01 No No 

Reach 2 0.0794 7.5082 1.03E-03 9.76E-02 No No 

Reach 3 0.057834 3.57961 7.52E-04 4.65E-02 No No 

(1) Acrolein concentrations are estimated as DPM concentration multiplied by 0.013. The factor 0.013 is the ratio of acrolein to 
DPM reported by CARB (CARB 2008).  The concentrations reported for each source group are for the highest impacted 
receptor location as presented in the previous tables.  

4.0 Conclusion 
The HRA concludes that the proposed mining operations at the Syar Alexander Instream Mining facility 
will not result in a significant cancer risk or non-cancer health impacts.  The operations will also not cause 
receptors to be exposed to acrolein concentrations exceeding the regulatory chronic and acute RELs.   
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Appendix A 

Detailed Emission Calculations 



Table A-1: DPM Emission - Off-road Mining 

Source 
PM10 Emission Rate(1) 

Operating 
Hours per Day 

DPM Emission Rate 

lbs/day g/day g/s lb/yr lb/hr 

SD-1 1.9 861.825503 16.5 1.45E-02 209 1.15E-01 
SD-2 1.9 861.825503 16.5 1.45E-02 209 1.15E-01 
SD-4 1.9 861.825503 16.5 1.45E-02 209 1.15E-01 
SD-5 1.9 861.825503 16.5 1.45E-02 209 1.15E-01 
S-4 1.9 861.825503 16.5 1.45E-02 209 1.15E-01 
S-5 1.9 861.825503 16.5 1.45E-02 209 1.15E-01 
S-6 1.9 861.825503 16.5 1.45E-02 209 1.15E-01 
S-7 1.9 861.825503 16.5 1.45E-02 209 1.15E-01 
S-8 1.9 861.825503 16.5 1.45E-02 209 1.15E-01 
S-9 1.9 861.825503 16.5 1.45E-02 209 1.15E-01 

S-10 1.9 861.825503 16.5 1.45E-02 209 1.15E-01 
S-11 1.9 861.825503 16.5 1.45E-02 209 1.15E-01 
S-12 1.9 861.825503 16.5 1.45E-02 209 1.15E-01 

(1) Emissions calculated based on off-road emission factor in Construction Emissions Model (Version 5.2) (Sacramento 
Metropolitan Air Quality Management District, SMAQMD) as provided in Draft EIR. 




