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THE ATSDR PUBLIC HEALTH ASSESSMENT: A NOTE OF EXPLANATION 

This Public Health Assessment-Public Comment Release was prepared by ATSDR 

pursuant to the Comprehensive Environmental Response, Compensation, and 

Liability Act (CERCLA or Superfund) section 104 (i)(6) (42 U.S.C. 9604 (i)(6), and 

in accordance with our implementing regulations (42 C.F.R. Part 90). In preparing 

this document, ATSDR’s Cooperative Agreement Partner has collected relevant 

health data, environmental data, and community health concerns from the 

Environmental Protection Agency (EPA), state and local health and environmental 

agencies, the community, and potentially responsible parties, where appropriate. This 

document represents the agency’s best efforts, based on currently available 

information, to fulfill the statutory criteria set out in CERCLA section 104 (i)(6) 

within a limited time frame. To the extent possible, it presents an assessment of 

potential risks to human health. Actions authorized by CERCLA section 104 (i)(11), 

or otherwise authorized by CERCLA, may be undertaken to prevent or mitigate 

human exposure or risks to human health. In addition, ATSDR’s Cooperative 

Agreement Partner will utilize this document to determine if follow-up health actions 

are appropriate at this time. 

This document has previously been provided to EPA and the affected state in an 

initial release, as required by CERCLA section 104 (i) (6) (H) for their information 

and review. Where necessary, it has been revised in response to comments or 

additional relevant information provided by them to ATSDR’s Cooperative 

Agreement Partner. 

The California Department of Public Health (CDPH) prepared this Public Health 

Assessment for the Blue Ledge Mine Superfund Site in Siskiyou County, California. 

This publication was made possible by a cooperative agreement (program number 

TS20-2001) with the federal Agency for Toxic Substances and Disease Registry 

(ATSDR). CDPH evaluated data of known quality using approved methods, policies, 

and procedures existing at the date of publication. ATSDR reviewed this document 

and concurs with its findings based on the information presented by CDPH. 
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List of Abbreviated Terms 
 

μg—microgram, or one-millionth of a gram (0.000001 gram) µg/dL—
microgram per deciliter 
µg/L— microgram per liter µg/m³— 
microgram per cubic meter ALM— 
adult lead methodology (USEPA) 
AMD—acid mine drainage 
ATSDR—Agency for Toxic Substances and Disease Registry BLL—
blood lead level 
CalEPA—California Environmental Protection Agency 
CDPH—California Department of Public Health 
CEM—conceptual exposure model CHHSL— 
California Human Health Screening Level COC— 
contaminant of concern 
CREG—cancer risk evaluation guide for one in a million excess cancer risk (ATSDR) CTE— 
central tendency exposure 
CV—comparison value (health based) EMEG— 
environmental media evaluation guide (ATSDR) FDA— 
(United States) Food and Drug Administration g/day— 
gram per day 
HI—hazard index HQ—
hazard quotient 
IEUBK model—integrated exposure uptake biokinetic model (USEPA) 
IUR—inhalation unit risk 
kg—kilogram, or one thousand grams (1,000 grams) 
L/day—liter per day 

MCL—maximum contaminant level for drinking water (state and federal) 
MDC—maximum detected concentration 
mg—milligram, or one-thousandth of a gram (0.001 gram) 
mg/kg— milligram per kilogram 
mg/kg/day—milligram per kilogram per day MRL— 
minimal risk level (ATSDR) 

NA—not available 
NIH—(United States) National Institutes of Health NPL— 
National Priorities List (USEPA) 
OEHHA—Office of Environmental Human Hazard Assessment (CalEPA) PCT— 
Pacific Crest Trail 
PEF—particulate emission factor PHA— 
public health assessment PHAP—public 
health action plan 
PHAST—Public Health Assessment Site Tool (ATSDR) 
REL—reference exposure level (CalEPA) RfD— 
reference dose (USEPA) 



4 

 

 

RME—reasonable maximum exposure RMEG— 
reference dose media evaluation guide (ATSDR) RSL— 
Regional Screening Level (USEPA) 
SDWR—Secondary Drinking Water Regulation (state and federal) U.S.— 
United States 

UCL—upper confidence limit 
USEPA—United States Environmental Protection Agency USFS—
United States Forest Service 
USGS—United States Geological Survey 
WRP—waste rock pile 
XRF—X-ray fluorescence 
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1.  Summary 
INTRODUCTION 

The Blue Ledge Mine site is roughly 500 acres of land on a steep 
mountainside in the Rogue River-Siskiyou National Forest near the 
California-Oregon border. No one lives on the 500-acre site, but it is 
visited for recreational hiking. A small community of five homes, 
known as Joe Bar, is three miles north of the site. 

 
On September 3, 2011, the U.S. Environmental Protection Agency 
(USEPA) added the Blue Ledge Mine site to its National Priorities List 
(NPL). The NPL, part of the USEPA’s Superfund Program, is a list of 
hazardous waste sites eligible for federal funds to carry out site 
cleanup activities. The NPL listing initiated involvement by the 
California Department of Public Health (CDPH) in assessing the site. 

 

CDPH, in a cooperative agreement with the federal Agency for Toxic 
Substances and Disease Registry (ATSDR), wrote this public health 
assessment (PHA). In writing the PHA, CDPH reviewed available 
environmental sampling data to determine whether chemicals found 
at the Blue Ledge Mine site may have harmed people living nearby or 
visiting the site in the past or present and in the future. 

 
ATSDR and CDPH examined potential exposures from metals in 
surface soil, sediment, air, surface water, fish, homegrown 
vegetables, and drinking water. Past exposure statements refer to 
exposures that occurred before the 2010 clean-up activities. Present 
exposure statements refer to exposures that took place after the 
2010 clean-up activities and exposures from current activities on or 
near the site. Based on the findings, CDPH recommends actions to 
reduce or prevent exposures and to protect the community’s health. 
In addition, CDPH examined the site-related public health concerns 
raised by people who live in the Joe Bar community near the site. 
Throughout the process, the community and state and federal 
agencies had an opportunity to provide input. 

 

In this PHA, ATSDR and CDPH reached seven conclusions described 
below. 
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CONCLUSION 1 

 

Drinking water from a bottle filled with water from where acid 
mine runoff empties into Joe Creek at the base of the Blue Ledge 
Mine site presently or in the past might cause recreational visitors 
to experience gastrointestinal distress, such as abdominal pain, 
vomiting, and nausea. 

 
 

BASIS FOR 
CONCLUSION 1 

 

CDPH estimated exposure doses using health-protective assumptions 
about recreational visits to the Blue Ledge Mine site. Exposure to the 
elevated level of copper sometimes found in the water where acid 
mine runoff drains into Joe Creek at the base of the site exceeds 
amounts in human studies that showed gastrointestinal symptoms. 

 
CONCLUSION 2 

 
We are not certain whether touching, breathing, or swallowing on- 
site sediments found in treatment ponds could harm the health of 
recreational visitors. 

BASIS FOR 
CONCLUSION 2 

 

CDPH concludes that sediment in the on-site treatment ponds 
designed to capture and treat the site’s acidic surface water runoff 
might contain elevated amounts of heavy metals because elevated 
levels of metals were found in surface water samples collected in 
2021 from the treatment ponds. However, sediment samples are 
needed to confirm contamination. 

 
Exposure to pond sediment could occur in the summer if the 
treatment ponds dry out and expose the sediment. Recreational 
visitors that enter a dry pond could touch, breathe, or ingest small 
amounts of the exposed sediment. 

 
 

CONCLUSION 3 

 

Touching, breathing, or incidentally swallowing contaminants in on- 
site surface soil presently or in the past at the Blue Ledge Mine site 
is not expected to harm the health of recreational visitors walking 
on the site. 
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BASIS FOR 
CONLUSION 3 

 

CDPH estimated exposure doses using health-protective assumptions 
about recreational visits to the Blue Ledge Mine site. The small 
amounts of contaminants that might be ingested or breathed in from 
walking on the site presently or in the past are well below health 
guidelines, thus non-cancer health effects are unlikely. Cancer also is 
not a concern because of the infrequent exposure. 

 
 

CONCLUSION 4 

 

Accidentally swallowing water while swimming in Elliott Creek or 
the Applegate River is not likely to harm or have harmed the health 
of recreational visitors presently or in the past. 

 

BASIS FOR 
CONCLUSION 4 

 

Estimated exposure doses for recreational visitors to Elliott Creek are 
below health guidelines established for copper and arsenic, and there 
is no concern for increased cancer risk. The small amount of lead in 
creek water will not significantly increase blood lead levels in 
children. 

 
 

CONCLUSION 5 

 

Eating fish caught in Elliott Creek is not expected to harm or have 
harmed the health of recreational anglers or Joe Bar residents 
presently or in the past. 

 
 
BASIS FOR 
CONCLUSION 5 

 
CDPH evaluated fish samples collected from Elliott Creek. The 
samples were analyzed for arsenic, cadmium, copper, lead, zinc, and 
mercury; only copper and zinc were found at amounts that require 
further evaluation. Estimated exposure doses to copper and zinc 
found in fish from Elliott Creek were below health guidelines for 
copper and zinc. Therefore, non-cancer harmful effects are not likely. 
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CONCLUSION 6 

 

Eating vegetables grown in Joe Bar home gardens irrigated with 
Elliott Creek water is not expected to harm residents’ health. 

 
 
BASIS FOR 
CONLUSION 6 

 
CDPH evaluated sampling data of vegetables grown by Joe Bar 
residents that used irrigation water from Elliott Creek. Estimated 
exposure doses to arsenic, cadmium, copper, zinc, and mercuric 
chloride were below non-cancer health guidelines. Therefore, non- 
cancer harmful effects are not likely. There is no concern for 
increased cancer risk from eating home-grown vegetables. 

 
 

CONCLUSION 7 

 

Drinking tap water from Joe Bar homes could contain natural levels 
of arsenic, but the levels are not likely to harm people’s health. The 
levels found in water do not exceed California or USEPA drinking 
water standards. 

 
 

BASIS FOR 
CONCLUSION 7 

 

Arsenic concentrations found in Joe Bar tap water originate from 
natural sources and the arsenic concentrations found in samples are 
below California’s and USEPA’s allowable level for public water 
systems of 10 parts per billion, which is protective of public health. 
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NEXT STEPS 

 

ATSDR and CDPH recommend that USEPA continue monitoring the 
runoff from the Blue Ledge Mine site for metals. 

 
ATSDR and CDPH recommend that USEPA post signs at the Joe Bar 
Creek and AMD confluence to discourage recreational visitors from 
drinking from that location. 

 
ATSDR and CDPH recommend that USEPA post signs at the treatment 
ponds to discourage recreational visitors from entering. 

 

ATSDR and CDPH recommend USEPA collect sediment samples from 
the dried treatment ponds to confirm potential contamination. 

 
CDPH will disseminate this PHA to the public for public comment and 
will respond to all comments received. 

 
CDPH and USEPA will provide Joe Bar residents with resources to 
assist them with evaluating and reducing common exposures to lead 
such as chipping paint, old water pipes, and plumbing fixtures. 

 
CDPH and USEPA will provide Joe Bar residents with resources about 
obtaining water filtration devices. 

 

ATSDR and CDPH will publish the final PHA. 

 
 

FOR MORE 
INFORMATION 

 

If you have concerns about exposure or your health as it relates to 
this PHA, you may contact Russell Bartlett, CDPH, at 
Russell.Bartlett@cdph.ca.gov or 510-620-3610. You may also call 
ATSDR at 1-800-CDC-INFO. 

mailto:Gabriele.Windgasse@cdph.ca.gov
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2. Background and Statement of Issues 

On March 3, 2011, the U.S. Environmental Protection Agency (USEPA) proposed adding the Blue 
Ledge Mine site to its National Priorities List (NPL). The NPL, part of the USEPA’s Superfund 
Program, is a list of hazardous waste sites eligible for federal funds to carry out site cleanup 
activities. USEPA determines whether sites proposed for the NPL pose risks to public health or 
the environment and works to eliminate those risks whenever possible. On September 3, 2011, 
the USEPA added the Blue Ledge Mine site to its NPL.1 The NPL listing initiated involvement by 
the federal Agency for Toxic Substances and Disease Registry (ATSDR) and the California 
Department of Public Health (CDPH) under a cooperative agreement between ATSDR and 
CDPH. 

In this public health assessment (PHA), CDPH determined whether health effects are likely to 
occur or have occurred due to past, present, and future exposure to Blue Ledge Mine site 
contaminants. CDPH also evaluated the health impacts of drinking water from private wells in a 
small residential community located near the Blue Ledge Mine known as the Joe Bar 
community. The conclusions of this PHA for the Blue Ledge Mine site are based on a review of 
available environmental sampling data, various environmental reports, collected community 
concerns, information from site visits, and discussions with involved agencies and the public. 

3. Site Description and History 

The Blue Ledge Mine site (“the site”) is a former copper mine in the Rogue River-Siskiyou 
National Forest in Siskiyou County, California (Appendix A, Figure 1). The site is approximately 
three miles south of the California-Oregon border [USFS 2010]. The closest community, called 
Joe Bar, is three miles north of the site and is located near the intersection of USFS 1050 and 
1060 (Appendix A, Figure 2). 

The site is on a steep hillside (Figure 1) at an elevation ranging from 4,000 to 4,800 feet above 
mean sea level and includes 500 acres [URS Corporation 2009, USEPA 2011a]. The site lies along 
the unpaved United States Forest Service (USFS) Road 1060, which is accessible via unpaved 
USFS Road 1055. 

1 https://cumulis.epa.gov/supercpad/cursites/csitinfo.cfm?id=0906063, last accessed in January 2022 

https://cumulis.epa.gov/supercpad/cursites/csitinfo.cfm?id=0906063


11 

 

 

Copper mining occurred 
intermittently at the site from 1898 
to 1930 [URS Corporation 2009, 
USEPA 2011a, USFS 1998]. Mining 
operations extracted rock from 
horizontal tunnels called adits 
[Environmental International Ltd. 
2002]. The mining operation 
burrowed a total of 10 adits that 
resulted in an estimated 70,000 tons 
of waste rock 
[Engineering/Remediation Resource 
Group 2013]. The waste rock, 
containing metals and sulfide, was 
discarded onto the hillside into four 
separate waste rock piles (WRPs) 
[USFS 2010]. Surface water draining 
from the site is best described as acid 
mine drainage (AMD) that contains 
elevated concentrations of metals. 
The AMD has been observed draining 
from the site into Joe Creek, which is 
adjacent to the site. From the site, 
Joe Creek flows north for roughly three miles until it drains into the larger Elliott Creek. From 
the Joe Creek-Elliott Creek confluence, Elliott Creek then flows for roughly two miles until 
emptying into the larger Applegate River. From the Elliott Creek-Applegate River confluence, 
the Applegate River crosses the Oregon-California border and flows for a short distance until 
draining into the Applegate Reservoir (Appendix A, Figure 2) [Environment International Ltd. 
2002, USEPA 2011a]. 

 

The climate at the site is characterized by cool, wet winters and warm, dry summers. According 
to meteorological data collected near the site, the wet season is from mid-October to mid-April, 
and the dry season is from mid-April to mid-October [California Climate Data Archive 
https://calclim.dri.edu/]. During the wet winter months, precipitation falls as a mixture of rain 
and snow, with mostly snow from December through mid-February. 

 
Since 1981, environmental studies have been conducted to investigate the level and extent of 
contamination in site soil and AMD resulting from the past mining operations. The studies were 
conducted or overseen by the USFS and the USEPA. The results of the studies indicate that 
metals have contaminated on-site soil, surface water, sediment, and groundwater, and that 
AMD is discharging into Joe Creek [Environment International Ltd. 2002, Ecology and 
Environment 2005, URS Corporation 2009]. 

 

Efforts to remediate and monitor the site include: 

Figure 1. Blue Ledge Mine site image looking to the 
west. Rendered from ©Google Earth 

https://calclim.dri.edu/
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• Summer 2006 – The USEPA constructed channels to reroute the AMD discharge and a 
pond to capture sediment [URS Corporation 2009]. However, observations by the 
University of Southern Oregon indicated that by summer 2008 the pond was 
overwhelmed and no longer passively treating the AMD before discharging into Joe 
Creek [Elliott et al. 2007]. 

• January 2009 – USFS installed a heavy metal swing gate along USFS Road 1050 to 
control vehicle traffic to the site (USFS provided Joe Bar residents with gate keys). 
Recreational visitors could check out a gate key from the USFS Star Ranger Station 
located in Jacksonville, OR. 
July 2010 to November 2011 – The USFS excavated and hauled 66,521 cubic yards of 
waste rock from the site to a sealed, off-site repository roughly 1.5 miles north of the 
site. USFS also: 

o Placed clean topsoil along the site’s sloping hillside, 
o Planted 10,000 native shrubs and trees, 
o Covered all disturbed soil with native grass seed, 
o Placed reinforced erosion control fabrics, 
o Constructed 1,800 feet of drainage channels, and 
o Built nine drainage basins (treatment ponds) to passively treat AMD runoff 

before discharging into Joe Creek [USFS 2010]. 
In addition, heavy steel barricades were placed over the uncovered adit entrances to 
prevent recreational visitors from entering. 

• September 2011 – CDPH toured the site, visited with residents from the Joe Bar 
community, and explored the surrounding area. 

• 2014 - USFS stopped allowing recreational visitors to obtain keys; keys will be offered to 
the public again at a future date. Joe Bar residents or hikers have access to the site by 
way of USFS Road 1060 or a hiking trail that branches off the nearby Pacific Crest 
National Scenic Trail. 

• 2012 to 2015 – Off-site post-remediation monitoring of Joe and Elliott Creek surface 
water and Joe Bar residents’ drinking water was conducted twice per year (spring and 
fall). Fish samples were collected from Elliott Creek annually [Engineering/Remediation 
Resource Group Inc. 2015]. In addition to monitoring, site inspections were conducted 
on a monthly basis from April through November in 2012, April through October in 2013 
and 2014, and April and May in 2015. 

 

4. Site Visit and Demographics 
On September 21, 2011, CDPH staff toured the site, spoke with residents from the Joe Bar 
community and explored the surrounding area. CDPH staff observed the final phase of the USFS 
removal and remediation efforts that began in July 2010 and made the following observations: 

 

• mine tailing WRPs were removed to bedrock, 

• topsoil had been placed over bedrock in areas level enough to receive soil cover, 
• several sediment basins and a run-off channel lined with limestone rock had been 

constructed at the base of the site, 
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• native revegetation planting had begun, 
• no remaining buildings or structures related to prior mining activities were observed on 

the site. 
 

CDPH staff toured Elliott Creek and Joe Creek with Joe Bar community residents. Staff observed 
that the riparian (creek bank) zones along both Joe and Elliott creeks were covered with dense 
vegetation, small stones, medium- to large-sized boulders, and steep slopes. Joe Creek was 
observed to be a shallow creek with a width of roughly three to five feet. Joe Creek did not 
appear to be a favorable location for swimming or recreational activities. Joe Bar residents 
conveyed that the more accessible and wider Elliott Creek is used for swimming and the most 
frequented swimming locations are downstream from the Elliott Creek and Joe Creek 
confluence (Appendix B, Figure 2). Joe Bar residents also conveyed that rainbow trout fishing is 
common in Elliott Creek and not Joe Creek. 

 
Farther downstream from the Joe Bar community, CDPH staff observed level areas used as 
campgrounds or daytime recreational areas along the banks of Elliott Creek. These areas were 
characterized by mature trees, small pebbles, and large- to medium-sized boulders. Few fine 
sands or soils were observed. 

 

The Joe Bar community has roughly nine year-round adult residents with a variable number of 
multi-aged visitors throughout the year, primarily in the spring, summer, and fall. The Joe Bar 
community lies along the north shore of Elliott Creek near the Joe Creek-Elliott Creek 
confluence (Appendix A, Figure 2). 

 
The nearest city to the site is Jacksonville, Oregon. Jacksonville is roughly a one-hour drive from 
the site. An estimated 3,020 people live in Jacksonville.2 

 
Elliott Creek, the Applegate River, and Applegate Reservoir are known recreational areas for 
people living in the nearby cities. Two medium-sized cities (Ashland and Medford, both in 
Oregon) and several small cities are within a two-hour drive of the site. In total, according to 
the 2010 census, the combined population of the medium-sized and small cities within a two- 
hour driving distance (total population of potential recreational visitors) is approximately 
160,000. 

 

5. Discussion 
 

CDPH evaluated past, present, and future exposure to on-site environmental contamination as 
well as present exposure to off-site environmental contamination to which the Blue Ledge Mine 
site may have contributed. Past exposure evaluations are based on site conditions before the 
USFS 2010-2011 remediation efforts, while present and future exposures are based on site 
conditions after these efforts. 

 
 

2https://data.census.gov/cedsci/all?q=Jacksonville,%20Oregon,  last  accessed  March  2022 

https://data.census.gov/cedsci/all?q=Jacksonville%2C%20Oregon%20
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The evaluation of potential exposures was based on the five elements of an exposure pathway 
[ATSDR 2005]: (1) the source of the contaminant release, (2) environmental fate and transport, 
(3) exposure location and media (soil, sediment, air or water), (4) exposure route (ingestion, 
inhalation or dermal), and (5) potentially exposed populations. The site’s completed exposure 
pathways are summarized in Appendix B, Table 1. 

 

5.1 Evaluation Process 
 

Exposure pathways were evaluated for health impacts using soil, sediment, surface water, fish, 
and private well water data, in conjunction with standard exposure equations. Initially, with the 
exception of food media, such as fish and garden produce, maximum contaminant 
concentrations detected during environmental sampling were compared to ATSDR’s human 
health comparison values (CVs). The CVs are media-specific concentrations of chemicals in air, 
soil, and water that are unlikely to cause harmful health effects based on toxicity information 
and assumptions of high-level, frequent exposure. In the absence of ATSDR CVs, CDPH used 
screening values from other sources. When the maximum detected amount of a contaminant is 
less than the media-specific CV, exposure is not expected to result in adverse health effects, 
and the contaminant is not examined further as part of the PHA. Thus, CVs were used to screen 
contaminants for further evaluation. 

 

Those contaminants with maximum concentrations that exceed the media-specific CV are 
designated as a contaminant of concern (COC). Contaminants designated as COCs do not 
necessarily represent a health hazard [ATSDR 2005, USEPA 2016]. Instead, COCs warrant a more 
refined evaluation that incorporates site-specific information to determine whether health 
effects may occur. Contaminants of concern require that an exposure dose be estimated based 
on site-specific conditions. Exposure dose estimates incorporate an appropriate exposure point 
concentration of the COC [ATSDR 2019a, Section 2.2], the duration of exposure, the frequency 
of exposure, and the route of exposure (swallowed, breathed, or touched). 

 
Exposure point concentrations used to derive an exposure dose are either the maximum 
concentration detected in a media sample or the 95% upper confidence level (UCL) of the 
mean. The 95% UCL, calculated using USEPA’s ProUCL software, provides a health-protective 
estimate of the mean. A 95% UCL is derived only if at least eight media samples are available; 
otherwise the maximum detected concentration is used as the exposure point concentration. 

 

Dose estimates incorporate parameters such as body weight and ingestion rate (amount of 
food, water or soil consumed per day). Many of these values are provided by ATSDR’s Public 
Health Assessment Guidance Manual [ ATSDR 2022]. Both a central tendency exposure (CTE), 
based on more average assumptions, and a reasonable maximum exposure (RME), based on 
more conservative exposure assumptions, were estimated. To be health protective, the RME 
estimates were used in this assessment to make decisions about possible health effects. 

 
Given that there are no on-site residents, this assessment only considers recreational exposure 
scenarios. During the wet season, snow and rain create a substantial barrier to accessing the 



15 

 

 

site as well as Joe and Elliott Creek [USFS 2011]; therefore, visitation to the site and 
surrounding area most likely occurred during the 6-month dry season from mid-April to mid- 
October. CDPH staff assumed that a recreational visitor likely visited no more than twice per 
month from mid-April through mid-October, or roughly 14 times per year. 

 

Due to the site’s remote location and steep terrain, CDPH staff assumed that children younger 
than 6 years of age are not likely to visit the site. In this assessment, a recreational visitor is 
defined as: an adult over the age of 21, an adolescent between the ages of 11 and 21, and/or a 
child between the ages of 6 and 11 years. 

 
Some of the recreational exposure scenarios are different for Joe Bar residents who are closer 
to the site and access the site and nearby areas more frequently. Based on discussions with 
community members, Joe Bar residents utilize Elliott Creek frequently. 

 
A COC’s exposure dose estimate is compared to health guidelines derived from toxicity studies 
usually conducted on adult humans (typically worker populations) or laboratory animals. 
Uncertainty factors are included in deriving the health guideline to be protective of sensitive 
populations such as children. 

 

As a further step, exposure to chemical combinations that might interact additively are 
investigated. First, hazard quotients (HQs) for each chemical are calculated for noncancer 
health effects. A HQ is the estimated dose for a specific chemical divided by the chemical’s 
noncancer health guideline. The various HQs are then summed to give the hazard index (HI) for 
the mixture of chemicals. An HI of less than 1 indicates that no additive adverse (noncancer) 
health effects are expected to occur. An HI greater than one indicates that the noncancer 
health effects of exposures should be evaluated further. 

 
Lead is evaluated as a blood concentration (blood lead level, or BLL), and more specifically how 
much an exposure will increase the BLL [ATSDR 2019b]. Since no threshold for adverse health 
effects have been identified for blood lead levels, ATSDR’s and CDPH’s public health goal is to 
reduce blood lead levels in children as much as possible. To evaluate children’s exposure to 
lead, CDPH used the USEPA integrated exposure uptake biokinetic (IEUBK) model v2.0 [USEPA 
2021]. The model predicts a BLL, expressed in micrograms of lead per deciliter (µg/dL), based 
on exposure to lead contaminated water, air, dust, and soil for children ages 1 to 7. 
Additionally, the model will estimate a percentage of children whose BLL could exceed 5 µg/dL.3 

 

To evaluate adolescent and adult exposure to lead, CDPH used the USEPA adult lead 
methodology (ALM) [USEPA 2003a]. The IEUBK and ALM use the arithmetic mean exposure 
concentrations to give estimates of BLLs. When only a few samples are available, the maximum 
concentration was used. 

 
 

 
3 Currently, 5 µg/dL is the lowest BLL that the IEUBK model can generate a percent probability for exceeding. 



16 

 

 

What is cancer? 
 

Cancer is the name given to a collection of diseases with multiple causes. Carcinogens are any 
substance that can cause cancer. For most carcinogens, no level of exposure can be considered safe for 
carcinogens. The National Cancer Institute’s Surveillance, Epidemiology, and End Results (SEER) 
program states that the lifetime risk for men and women of being diagnosed with cancer is about 39.2 
cases in 100 people, or 39.2% (for all cancer sites, diagnosis at some point in life, based on 2016-2018 
data). This corresponds to 392,000 cases for every 1 million people [SEER, 2021]. This is referred to as 
the “background cancer risk.” The term “excess cancer risk” represents the risk above and beyond the 
“background cancer risk”. 
 

The cancer risks calculated in this PHA are the increased risks of developing cancer over a lifetime. 

Cancer risk is assessed slightly different than noncancer risks. The exposure dose is averaged 
over the lifetime of a human (78 years) and then multiplied by the COC’s cancer slope factor or 
unit risk factor. These factors are determined through carcinogenicity studies of persons 
(workers exposed to chemicals occupationally) or laboratory animals. In this evaluation, the 
estimated possible cancer risks resulting from recreational exposure for a child and adolescent 
are combined, and the estimated adult cancer risk assumes 33 years of exposure. 

 

 

In general, dermal absorption of COCs contributes much less than other exposures that occur 
simultaneously, namely incidentally ingesting soil (hand-to-mouth), inhaling dust, and 
incidentally swallowing water [ATSDR 2005]. In this evaluation, dermal absorption scenarios 
were not evaluated because the other exposures were not found to be potentially harmful to 
human health. 

 

6. Evaluation of Past Exposure (Pre-remediation) to On-site Contaminants 
 

CDPH evaluated recreational visitors’ past exposure to on-site contaminants in soil (incidental 
ingestion of soil and inhalation of dust) and past exposure to surface water at the confluence of 
site acid mine drainage (AMD) and Joe Creek (ingestion from filling drinking water bottles and 
wading). 

 
Before the USFS 2010-2011 remediation efforts, WRPs 1 and 2 were connected and accessible 
via USFS Road 1060 while WRPs 3 and 4 located roughly 500 feet from WRPs 1 and 2 were 
isolated and not accessible by road or by an established foot trail (Appendix A, Figure 3). 
Accordingly, only WRPs 1 and 2 surface soil data were evaluated, as a combined data set. The 
samples were collected in July 2005 and prior to WRP excavation in June and July 2010 
(Appendix B, Table 2). 

 

Due to the very steep rocky terrain, driving an off-road vehicle on the site is not likely. 
Therefore, breathing dust caused by off-road vehicles was not considered in this investigation. 
Instead, CDPH estimated a potential concentration of contaminants in fugitive dust inhaled by 
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recreational visitors by calculating the site-specific particulate emission factor (PEF). The PEF is 
a ratio that approximates the concentration of a contaminant in the soil that is released into 
the air as dust and will be discussed in more detail in the ‘Evaluation of Past Onsite Exposures 
(pre-remediation) to On-site Contaminants’ portion of this document [USEPA 1996]. 

 

The on-site surface water originating from mine adits and groundwater seeps can be acidic with 
pH as low as 2.4 and contain metals and sulfur. Eye irritation and redness have been reported 
from contact to water with a pH below 4. Contact with water below a pH of 2.5 can cause 
irreversible damage to the outer layer of the eye’s cornea (WHO 2012). Photographs and data 
collected prior to 2010 indicate that the concentrations of metals and sulfur caused the on-site 
water to have an offensive appearance and likely an unpleasant odor; too offensive for a 
recreational visitor to consider for drinking water or wading. Therefore, the recreational visitor 
exposure from drinking or wading in on-site surface water was not evaluated. 

 
However, AMD from the site discharges into Joe Creek at a location abutting USFS Road 1060 
(Appendix A, Figure 4). In the past, a recreational visitor could have found this easily accessible 
location suitable for filling a water bottle or wading. To evaluate the past exposure to drinking 
from and wading in the Joe Creek and site AMD confluence, CDPH used surface water samples 
collected before the USFS 2010-2011 remediation effort (Appendix B, Table 3). 

 

Unlike other metals, lead exposure is modeled as BLLs, so it is presented separately (see 
Section 6.4). 

 
6.1 Incidental Ingestion of Soil 

 

The July 2005 surface soil samples were analyzed for metals (arsenic, cadmium, copper, iron, 
lead, manganese, mercury, and zinc). These soil samples were collected just below the top 
surface along a randomly selected line across WRPs 1 and 2 and were individual, not composite 
(combined) samples. Analysis of soil samples from July 2010 included the analysis of additional 
metals (antimony, total chromium, selenium, silver, thallium, vanadium, potassium, aluminum, 
barium, beryllium, cobalt, and nickel) in two of the surface soil samples collected, which also 
were individual, not composite samples. Table 2 (in Appendix B) includes data on soil samples 
collected. 

 

6.1.1 Exposure to on-site soil 
 

When compared to soil CVs (Appendix B, Table 2), the following compounds were identified as 
COCs: arsenic, copper, iron, lead, mercury, and silver. Table 6.1.1 below provides the COC 
exposure point concentrations, comparison values, and natural surface soil background 
concentrations. Background samples were collected by the US Geological Survey (USGS) from a 
location with similar terrain roughly 6 miles south from the site (USGS 2013). 

https://pubs.usgs.gov/ds/801/pdf/ds801.pdf
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Table 6.1.1: Contaminants of concern summary table and US Geological Survey (USGS) soil 
sampling results on background concentration in milligrams per kilogram 

 

Metals 
Sampled 

Exposure Point 
Concentration 

Comparison Value (Type) USGS Background 
Concentration 

Arsenic 197** 16 (ATSDR: Chronic child 
0.26 (ATSDR: CREG) 

1.8 

Copper 2740* 1,000 (ATSDR Intermediate 
child) 

70.1 

Mercury 92.8 * 16 (ATSDR: Chronic child) 0.08 

Silver 390 * 260 (ATSDR: Chronic child) Not 
Analyzed 

Iron 121,000* 55,000 (USEPA: RSL) 5.88 

Lead 1,568m 80 (CalEPA) 
400 (USEPA: child)) 

4.8 

* Maximum concentration detected 
** 95% Upper confidence limit 
Abbreviations - m: mean; CREG: cancer risk evaluation guide; RSL: regional screening level; 
USEPA: US Environmental Protection Agency; CalEPA: California Environmental Protection 
Agency 
Comparison Values are for residential exposure scenarios 

 

Using the EPC reported in Table 6.1.1, exposure doses were estimated to determine whether 
exposure to COCs could cause noncancer health risks. Exposure doses were based on the 
recreational visitor scenario described in section 5.1 above and assumptions obtained from 
USEPA’s Exposure Factor Handbook and compared to health guidelines. No exposures exceeded 
health guidelines (Appendix B, Table 4.1). Lead (see Section 6.4) and iron (see below) do not 
have noncancer health guidelines and were evaluated separately. 

 

Iron is an essential nutrient in the human diet. However, ingesting excessive amounts of iron 
can cause gastrointestinal distress. The potential amount of iron a recreational visitor may have 
ingested (from one site visit) was compared to U.S. National Institutes of Health (NIH) Tolerable 
Intake Levels, which are maximum daily intake amounts of iron unlikely to cause 
gastrointestinal distress in children (40 mg/day) or adults (45 mg/day) [U.S. Department of 
Health and Human Services 2011]. The maximum concentration of iron detected in soil was 
121,000 mg/kg. A recreational visitor who incidentally swallows 200 mg/day of soil would be 
exposed to 24 mg iron/day (121,000 mg/kg x 200 mg/day x 10-6 kg/mg), which is well below the 
child or adult NIH daily Tolerable Intake Level of iron. 

 
6.1.2 Noncancer evaluation of individual and combined exposure 
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All of the estimated doses to individual pollutants are below health guidelines like MRLs and 
RfDs. This results in a hazard quotient less than 1 for each chemical. Therefore, exposure to 
individual chemicals is not expected to cause noncancer health effects. 

 

To investigate whether additive effects might occur from a combined exposure to site-related 
contaminants, the HQ for each metal reported was summed to give an HI for the mixture. The 
calculated HQs are based on the child exposure and were as follows: arsenic (HQ=0.01), copper 
(HQ=0.13), mercury (HQ=0.07) and silver (HQ=0.02). The summed HI is 0.2, which is less than 1 
and indicates that exposure interactions are not likely to cause noncancer adverse health 
effects. Table 6.1.2 below shows the specific HQs and the HI for soil ingestion-only exposure. 

 
Table 6.1.2: Hazard Quotient (HQ) and Hazard Index (HI) Summary 

 

Contaminant Exposure Dose (child) MRL Child HQ*** 

(mg/kg/day**) (mg/kg/day**) 

Arsenic 0.000029 0.0003 0.01 

Copper 0.0025 0.02 0.13 

Mercury 0.000022 0.0003* 0.07 

Silver 0.000094 0.005 0.02 

HI (sum of HQs) 0.2 

* This value is the US EPA reference dose (RfD) for mercuric chloride. ATSDR does not have a 
chronic MRL for inorganic mercury. 

**milligrams chemical per kilogram body weight per day 
***HQ = child dose/MRL or RfD 

 
6.1.3 Cancer evaluation of on-site soil 

 

Cancer is a common disease, and no level of exposure can be considered safe for most 
carcinogens. Among the site-related soil pollutants identified, arsenic was the only carcinogen 
with an exposure point concentration (196 mg/kg) that exceeded its CREG (0.26 mg/kg) [ATSDR 
2007]. Because this CREG assumes daily exposure, we conducted a site-specific evaluation. 

 
We used the visitor scenario to estimate the cancer risk from coming into contact with 
contaminated soil 14 times a year. The cancer risk calculations were based on 60% 
bioavailability (the amount that can potentially enter the body) of arsenic [USEPA 2012]. The 
combined child and adolescent cancer risk and the adult cancer risk were both estimated at 4 
extra cancer cases should 1 million people be exposed for up to 33 years (Appendix B, Table 
4.2). This is not considered an elevated cancer risk. 

 
6.2 Inhalation of Fugitive Dust 

 

Prior to the completion of site remediation efforts, roughly half the site, specifically the waste 
rock piles, were free of vegetative cover. Wind-generated fugitive dust was a likely occurrence. 
CDPH estimated a potential concentration of contaminants in fugitive dust by calculating the 
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site-specific particulate emission factor (PEF). The PEF is a ratio that approximates the 
concentration of a contaminant in the soil that is released into the air as dust. The PEF accounts 
for local climate, windspeed, vegetation cover, and total site area. 

 

Potential concentrations of fugitive dust to a recreational visitor at the site were estimated by 
dividing the maximum detected concentration or the 95% UCL of the mean concentration of 
each metal measured in the surface soil samples collected in 2005 and 2010 by the site-specific 
PEF (Appendix B, Table 5). 

 
None of the estimated fugitive dust concentrations exceeded the noncancer CVs for any of the 
metals (Appendix B, Table 5). Silver and zinc, however, could not be evaluated due to their lack 
of air CVs. 

 

Of the site-related fugitive dust pollutants identified, only cadmium and arsenic are 
carcinogens. Cadmium did not exceed its cancer CV (Appendix B, Table 5). Arsenic, however, 
exceeded its cancer CV (Appendix B, Table 5), so CDPH estimated the possible increased cancer 
risk to a recreational visitor from breathing arsenic in fugitive dust (Appendix B, Table 6). The 
estimated cancer risk for a child, adolescent, and adult was 1 in 10 million, which does not 
present an increased cancer risk. 

 

6.3 Ingestion of Joe Creek Water by Drinking and Wading 
 

Before the USFS 2010-2011 remediation efforts, five surface water samples were collected in 
spring, summer, and fall near the confluence of site AMD and Joe Creek between September 
2000 and June 2008 (Appendix B, Table 3). All five surface water samples were analyzed for 
cadmium, copper, iron, lead, and zinc. Two of the samples were also analyzed for arsenic, three 
samples for pH, and two samples were analyzed for sulfates. 

 

6.3.1 Exposure to surface water at Joe Creek and AMD confluence 
 

The measured pH (6.6 to 7.5) and sulfate concentrations (2.3 mg/L and 2.8 mg/L) found were 
similar to levels found in public drinking water. The maximum concentration detected for 
arsenic (0.07 micrograms per liter [µg/L]) and zinc (774 µg/L) does not exceed child or adult 
chronic noncancer CVs for drinking water. The maximum detected copper concentration (790 
µg/L) exceeds the child (140 µg/L) and adult (520 µg/L) intermediate CVs. The maximum 
cadmium concentration detected (4.1 µg/L) exceeds the child (0.7 µg/L) and adult (2.6 µg/L) 
chronic CVs (Appendix B, Table 3). The maximum concentration of iron was 998 µg/L. A 
recreational visitor who collected and drank two liters of water from the Joe Creek and AMD 
confluence would ingest 1,996 µg iron/day (998 µg/L x 2 L/day), which does not exceed the NIH 
level of iron known to cause gastrointestinal distress in children (40,000 µg/day) or adults 
(45,000 µg/day) [U.S. Department of Health and Human Services 2011]. Lead is evaluated 
separately (see Section 6.4). 
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Using the recreational visitor scenario previously described and assuming adults and 
adolescents drink 2 liters per day, and children drink 1.4 liters/day, CDPH estimated exposure 
doses for copper and cadmium from both intentional (filling water bottles then drinking from 
them) and accidental (wading) ingestion (Appendix B, Table 7). None of the estimated doses 
exceeded the noncancer health guidelines. 

 

6.3.2 Noncancer evaluation of combined exposure 
 

To investigate whether potential additive effects occurred from a combined exposure to 
cadmium and copper, the HI was determined from HQs based on the highest child doses for 
cadmium (HQ=0.08, 0.07 from drinking plus 0.006 from wading) and copper (HQ=0.27, 0.25 
from drinking plus 0.02 from wading) and summing these HQs. The HI sum for cadmium and 
copper is 0.4, which is below 1 and indicates that a health hazard from the mixture is unlikely. 

 

6.3.3 Cancer evaluation 
 

The maximum concentration of arsenic measured in water exceeded the cancer CV (Appendix 
B, Table 3). To evaluate the potential increased cancer risk from drinking and incidentally 
swallowing arsenic in water from the confluence of site AMD and Joe Creek, CDPH estimated 
the possible cancer risk using the maximum detected arsenic concentration (only two samples 
were analyzed). Cancer risks were based on recreational scenarios described previously. The 
estimated cancer risk was 5 in 100 million for children exposed from 15 years (from ages 6 to 
21) (Appendix B, Table 8), which does not present an elevated cancer risk. 

 
6.4 Exposure to Lead 

 

CDPH evaluated exposure to lead based on a hypothetical recreational visitor who participated 
in all of the above exposures combined: incidental soil ingestion, dust inhalation, and drinking 
water from the confluence of site AMD and Joe Creek. Dermal absorption of lead was not 
evaluated because only lead in the organic form is readily absorbed through the skin [ATSDR 
2019b], and lead at the site is in the inorganic form. 

 

To estimate a child’s BLL, USEPA’s IEUBK model v2.0 [USEPA 2021] was used. The model 
requires mean concentrations, so the mean concentration of lead in surface soil (1,568 mg/kg) 
was the starting point. Due to fewer samples having been collected, the maximum surface 
water lead concentration (10.7 µg/L) was used. The estimated fugitive dust concentration 
(0.011 µg/m³) was also used. Because exposure would be infrequent, a time-weighted factor 
was applied to these concentrations [USEPA 2003b]. As stated above, the recreational visitor 
scenario assumes two site visits per month from mid-April through mid-October. This yields a 
time weighted factor based on 1 visit every 14 days. However, to ensure the IEUBK’s model 
predictions are valid, a more conservative scenario was used, 1 visit every 7 days, which yields a 
factor of 0.14 (1 visit/7 days = 0.14). Applying the time-weighted factor yielded the following 
concentrations that were used in the IEUBK model: 224 mg/kg lead in soil, 1.5 µg/L lead in 
surface water, and 0.0015 µg/m³ lead in fugitive dust (Appendix B, Table 9). 
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The predicted BLL for a child aged 6 to 7 is 1.8 μg/dL (Appendix B, Table 9), which is well below 
the Centers for Disease Control and Prevention (CDC) Blood Lead Reference value of 3.5 ug/dL. 
The percent of children aged 6 to 7 that might be expected to have a BLL that exceeds 5 ug/dL 
is 1.6%, which is less than 5%. Because of infrequent exposure based on 24 visits during a 6- 
month period, lead was likely not a concern for children. 

 
The BLLs for an adolescent or adult recreational visitor were predicted using the USEPA ALM 
[USEPA 2003a] (Appendix B, Table 9). Similar to the child BLL estimate, an exposure frequency 
of once per week is assumed to ensure the ALM predictions are valid. A lead intake of 100 
mg/day was assumed as a reasonable maximum exposure for an adult and for an adolescent. 
The predicted BLL for an adult and adolescent was 1.5 μg/dL with a 1.3% chance of exceeding 5 
μg/dL. Exposure to lead in on-site soils for recreational visitors was not a concern in the past. 
More information about BLL in adults is available at: 
https://www.cdc.gov/niosh/topics/ables/description.html (last accessed March 2022). 

 
The ALM, unlike the IEUBK model, only includes incidental soil ingestion and breathing fugitive 
dust. However, because the predicted BLL in children (which includes swallowing water) was 

<3.5 µg/dL, it is expected that predicted adult or adolescent BLLs would also be <3.5 µg 
/dL, the child CDC reference value. 

 

7. Evaluation of Present Exposure (Post-remediation) to On-site Contaminants 
 

CDPH evaluated recreational visitors’ present exposure to on-site contaminants in sediment, 
soil (incidental ingestion of soil and inhalation of dust) and present exposure to surface water at 
the confluence of site AMD and Joe Creek (ingestion after filling drinking water bottles and 
wading). Future exposures are expected to be similar to present exposures since the site has 
been remediated. 

 

The 2010 – 2011 site remediation included the construction of nine on-site basins (ponds) 
designed to capture and treat AMD and sediment before discharging into Joe Creek. Typically, 
these ponds are filled with acidic AMD runoff and likely discolored with an offensive 
appearance that would dissuade visitors from drinking (wading). Surface water samples 
collected by the USEPA in 2021 and analyzed for metals reported water discoloration, acidic 
conditions, and foul orders. Metals were found that exceed both child and adult drinking water 
CVs, such as copper (2,600 µg/L) and cadmium (18 µg/L) in addition to detecting other metals 
at levels that exceed child CVs like aluminum (8,500 µg/L) and zinc (5,300 µg/L) [Eric 
Canteenwala, USEPA Project Manager, personal communication, March 2022] Additionally, the 
USEPA has reported that the ponds dry out in the summer. Based on the surface water 
samples, the exposed sediment in the dry ponds could contain elevated amounts of metals [Eric 
Canteenwala, USEPA Project Manager, personal communication, July 2021]. Recreational 
visitors could enter the dry ponds and touch, breathe, or incidentally swallow the exposed 
sediment. CDPH recommends sediment samples be collected from the dry ponds to confirm 

https://www.cdc.gov/niosh/topics/ables/description.html
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this risk. However, as a protective measure, CDPH recommends that the USEPA post warning 
signs near the ponds to deter visitors from entering them. 

 

To evaluate the present (and potential future) exposure to on-site surface soil, CDPH analyzed 
confirmatory surface soil samples collected just after the USFS’s 2010-2011 remediation effort 
(Appendix B, Table 2). The remediation dug a road between WRPs 1, 2, and 4 (see Appendix A, 
Figure 5), so CDPH evaluated WRPs 1, 2, and 4 (WRP 124) as one pile and WRP 3, roughly 250 
feet from the other piles, separately. The higher value from either WRP 124 or WRP 3 was used 
to evaluate potential exposures. 

 
Surface soil samples were collected immediately after waste rock material was removed. Each 
soil sample was a combination of nine surface soil samples obtained from pre-selected 900- 
square-foot areas of each (former) WRP [Engineering/Remediation Resource Group Inc. 2012]. 
After the nine samples were mixed, the mixed (composite) sample was dried and analyzed at 
the on-site field laboratory for arsenic, cadmium, lead, copper, and zinc using an X-ray 
fluorescence (XRF) device. XRF reported concentrations could be under or overestimated 
depending on the pollutant being reported. Certain pollutants can interfere with or alter the 
results for another pollutant if both are present in a sample, such as lead and arsenic. To 
validate the XRF results, 20% of the composite samples were analyzed at an off-site laboratory 
for arsenic, cadmium, lead, copper, and zinc. The laboratory results were statistically consistent 
with the XRF results; therefore, CDPH used the XRF results as well as the off-site laboratory 
results to evaluate potential exposure. 

 
To evaluate the present (and future) exposure to drinking from and wading in the confluence of 
AMD and Joe Creek, CDPH used surface water samples collected post the removal-action (from 
years 2012 – 2015, and in 2021). Surface water samples were collected at the confluence of site 
AMD and Joe Creek, and all were analyzed for arsenic, cadmium, copper, lead, and zinc (see 
Appendix B, Table 3). 

 

7.1 Incidental Ingestion of Soil 
 

CDPH compared the maximum detected soil sample concentrations for arsenic, cadmium, lead, 
copper, and zinc to media-specific child and adult health CVs (Appendix B, Table 2). The 
maximum concentration (in either WRP 124 or WRP 3) of arsenic and copper are above the 
respective noncancer CVs, so they were screened further. Lead was evaluated separately (see 
Section 7.4). 

 
Arsenic and copper were screened further (Appendix B, Table 4.1). The estimated exposure 
doses of arsenic and copper did not exceed the noncancer health guidelines. 

 

To investigate potential additive effects from combined exposure to arsenic and copper, the HI 
was determined using HQs based on the most conservative child doses for arsenic (HQ=0.03) 
and copper (HQ=0.03) and summing these ratios. The HI sum is 0.06, which is less than 1 and 
therefore not likely to cause an additive noncancer health effect. 
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CDPH estimated the possible increased cancer risk from incidentally ingesting arsenic in soil for 
child, adolescent, and adult recreational visitors. The estimated combined cancer risk from 
arsenic was 3 in 1 million for child and adolescents and 1 in 1 million for an adult (Appendix B, 
Table 4.1), which do not present cancer risks of concern. 

 
7.2 Inhalation of Fugitive Dust 

 
CDPH estimated the potential concentrations of contaminants in fugitive dust by applying the 
site-specific PEF to the maximum detected concentrations of arsenic, cadmium, lead, copper, 
and zinc in post-remediation soil samples (Appendix B, Table 5). With the exception of lead, 
which is analyzed separately (see Section 7.4), no estimated fugitive dust concentrations 
exceeded noncancer CVs (Appendix B, Table 5). 

 

CDPH estimated the possible increased cancer risk from breathing arsenic in fugitive dust 
(Appendix B, Table 6). CDPH assumed that fugitive dust could originate from either WRP 124 or 
WRP 3 and used the higher value among the two. When this concentration is adjusted for 
infrequent exposure (multiplied by 14 days/365 days) and then multiplied by the inhalation 
Unit Risk Factor for arsenic (4.3E-03 [µg/m³]-1), the estimated cancer risk representative for 
child, adolescent, and adult is 5 in 100 million, which does not present a cancer risk of concern. 

 

7.3 Ingestion of Joe Creek Water by Drinking and Wading 
 

CDPH evaluated infrequent exposure to contaminants from drinking water and wading in the 
confluence of site AMD and Joe Creek. (Appendix B, Table 3). Lead was evaluated separately 
(see Section 7.4). 

 
The maximum concentration of iron detected in the surface water where the site AMD drains 
into Joe Creek was 237 µg/L. A recreational visitor that drinks 2 liters of water with an iron 
concentration of 237 µg/L would ingest 474 µg/day (237 µg/L x 2 L/day), which does not exceed 
the NIH daily level of iron that could cause gastrointestinal distress in children (40,000 µg/day) 
or adults (45,000 µg/day) [U.S. Department of Health and Human Services 2011]. 

 

CDPH further assessed exposure to cadmium, copper, and zinc by estimating exposure doses 
from drinking surface water and wading (Appendix B, Table 7). The estimated exposure doses 
were based on the maximum concentration of each COC detected. The estimated exposure 
doses for cadmium and zinc did not exceed the health guidelines; however, the exposure dose 
for drinking copper nearly exceeded its health guideline (HQ = 1). This exposure was examined 
further. 

 
The maximum concentration of copper detected at the confluence measured in May 2014 
(3,150 µg/L) is much greater than the amount of copper measured in the other confluence 
samples collected between 2012 and 2015, which ranged from 3.13 µg/L to 6.61 µg/L (refer to 
Appendix A, Figure 2 for sample location). However, in April 2021, a sample USEPA collected at 
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the confluence found copper at 2,600 µg/L indicating that copper levels vary and can be highly 
elevated. Therefore, given the possibility that a recreational visitor could be exposed to a one- 
time high amount of copper, CDPH estimated a one-time (acute) exposure dose for an adult 
drinking 2 liters of water and a child drinking 1 liter from the Joe Creek and AMD confluence 
containing 3,150 µg/L of copper. 

 

The estimated doses for both a child (0.1 mg/kg/day) and adult (0.08 mg/kg/day) are above the 
provisional oral acute copper MRL of 0.02 mg/kg/day. The MRL is based on a study that found 
gastrointestinal effects in female adults drinking copper sulfate in water for 2 weeks, with a 
benchmark dose of 0.05 mg/kg/day. Exposures from drinking water with that level of copper 
could cause gastrointestinal effects such as abdominal pain, vomiting, and nausea [ATSDR 
2022]. 

 
CDPH also assessed an acute potential exposure from accidentally ingesting water with a 
copper concentration of 3,150 µg/L while wading. Neither the adult dose (0.0028 mg/kg/day) or 
child dose (0.012 mg/kg/day) exceed the MRL (0.02 mg/kg/day). 

 

Since the Joe Creek and AMD discharge confluence has the potential to contain copper at 
amounts that could cause gastrointestinal distress if ingested by a recreational visitor, CDPH 
recommends USEPA post signs that will warn visitors not to drink or wade in the water. 

 

To investigate whether potential additive effects occur from a combined exposure to cadmium, 
copper, and zinc, the HI was determined by calculating HQs based on the most conservative 
(recreational exposure scenario) child doses for cadmium (HQ = 0.5), copper (HQ = 1.0) and zinc 
(HQ = 0.03) and summing these ratios. The HI sum is 1.5, with copper being the main 
contributor. Therefore, we reached the same conclusion that the primary risk is gastrointestinal 
distress due to the high levels of copper. 

 
Arsenic was not detected in surface water. An evaluation of the detection limit (0.5 µg/L) showed it to 
be below the child and adult noncancer CVs yet above the cancer CV (0.016 µg/L). If arsenic were 
present at the detection limit, CDPH estimated the cancer risk using the following equation: 

 

(0.5 µg/L x 2 L/day x 1 day/14 days x 33 years/78 years x 0.001 mg/µg x 1.5 [mg/kg/day]-1 / 56.8 kg). 
 

The child and adolescent combined risk is 5 in 10 million (if arsenic were present at the detection 
limit), which does not present an elevated cancer risk (Appendix B, Table 8). 

 
7.4 Exposure to Lead 

 
Child exposure to lead was evaluated by applying a time-adjusted approach to the USEPA IEUBK 
model v2.0 [USEPA 2021]. Due to infrequent exposure, CDPH applied the 0.14 (1 day of 
exposure/ 7 days = 0.14) factor to the mean lead concentration of 166 mg/kg measured in WRP 
124 surface soil, the 0.0008 µg/m³ estimated lead concentration in fugitive dust, and the 
maximum detected lead concentration in stream water measured at the confluence of site 
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AMD and Joe Creek of 1.47 µg/L. Accordingly, the values 23.24 mg/kg, 0.0001 µg/m³, and 0.21 
µg/L were input into the IEUBK model4. The predicted BLL for a child aged 6 to 7 is 1.0 µg/dL 
(Appendix B, Table 9), which is below the CDC reference value of 3.5 µg/dL. The percent of 
children aged 6 to 7 with BLL exceeding 5 µg/dL is well below 5% (0.06%). Exposure to lead in 
WRP soil is not a health concern. 

 

Adolescent and adult lead exposures were evaluated using the USEPA ALM [USEPA 2003a]. The 
predicted adult and adolescent BLL is 0.5 µg/dL (based on 100 mg/day of soil ingestion) with a 
<1% (0.008%) chance of exceeding 5 μg/dL (Appendix B, Table 9). Both are below the CDC 
reference value of 3.5 μg/dL. 

 

The ALM, unlike the IEUBK model, only includes incidental soil ingestion and breathing fugitive 
dust. However, because the predicted BLL in children (which also included swallowing water) 
was <1 µg/dL, it is expected that predicted adult or adolescent BLLs would also be <1 µg/dL. 
This is well below the 3.5 µg/dL child CDC reference value. 

 

Regardless of on-site exposures, CDPH and ATSDR recommend that people be informed about 
the hazards of lead (e.g., vulnerability of young children to this neurotoxin), reduce exposures 
as much as possible, and know who to contact for blood lead testing if they suspect exposures. 
Common sources of lead include chipping paint and old water pipes and plumbing fixtures. 
There is no known threshold for health effects from lead, thus good public health practice is to 
lower exposure to lead whenever possible. 

 

8. Evaluation of Present Exposure to Contaminants Released Off-site 
 

CDPH investigated potential public health implications from possible exposures related to 
present levels of contaminants in Joe Creek, Elliott Creek, and the Applegate River. This 
investigation evaluates exposure to contaminants along the roughly 2-mile portion of Elliott 
Creek beginning at the Joe Creek and Elliott Creek confluence and ending where Elliott Creek 
empties into the Applegate River (Appendix A, Figure 2). This portion of Elliott Creek supports 
swimming, camping, and fishing. In addition, as observed in the 2011 site visit, Joe Bar residents 
along this portion of Elliott Creek use water to irrigate vegetable gardens. Elliott Creek is not 
used for potable water; Joe Bar residents obtain potable water from private wells and natural 
springs near Elliott Creek. 

 
Because Elliott Creek and Applegate River support recreational fishing, fish have been sampled 
from both of those water bodies to assess contamination. All samples were analyzed for metals 
found on the Blue Ledge Mine site. 

 
 
 

4 CDPH derived the soil, surface water, and fugitive dust values by multiplying the media lead concentrations by 
the time weighted factor of 0.14 (1/7 = 0.14). The media lead concentration calculations used in the model are: 
166 mg lead/kg of soil X 0.14 = 23.24 mg lead/kg of soil; 0.0008 µg of lead/ m3of air X 0.14 = 0.0001 µg of lead/ 
m3of air; 1.47 µg lead/L of water X 0.14 = 0.2 µg lead/L of water. 
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The Oregon Health Authority also investigated levels of methylmercury in fish tissue taken from 
the Applegate Reservoir in Oregon [Todd Hudson, Health Assessor, Oregon Health Authority, 
Public Health Division, Environmental Health Assessment Program, personal communication, 
January 2013]. Upon request by USEPA in 2014, CDPH evaluated exposure from Applegate 
Reservoir fish caught and consumed specifically by Joe Bar residents [CDPH 2015], which is 
summarized in Appendix C. 

 
For this PHA, CDPH evaluated potential exposure to site contaminants released into Elliott 
Creek and Applegate River from (1) incidentally swallowing water while swimming, 
(2) consuming fish caught from Elliott Creek or from the Applegate River, and (3) consuming 
garden vegetables irrigated with Elliott Creek water. To evaluate these potential exposures, 
CDPH staff used surface water, fish, and home-grown garden vegetable data (Appendix B, 
Tables 3, 10, and 11). 

 

8.1 Exposure to Contaminants in Elliott Creek 
 

Anecdotal information from Joe Bar residents indicates that swimming occurs at two popular 
locations: immediately downstream from the Joe Creek and Elliott Creek confluence known as 
“Zebra Rock” and at the former United States Geological Survey (USGS) gauging station bridge, 
located downstream from the Joe Bar community. CDPH staff identified only one surface water 
sample analyzed for arsenic, cadmium, copper, lead, zinc, and mercury collected near the 
former USGS gauging station bridge, which was collected in October 2010. Except for cadmium, 
all concentrations were non-detect or below health risk screening levels. Although the 
cadmium concentration of 1.1 µg/L slightly exceeds the child noncancer health CV (0.70 µg/L), 
given that the CV is applied to tap (drinking) water scenarios and the exposure is not expected 
to be frequent (not residential), this level does not indicate a health concern. 

 
During the 2011 site visit, CDPH observed an area adjacent to the USFS Road 1055 along Elliott 
Creek known as the Hutton Campground (Appendix A, Figure 2). The potential exposures to 
contaminants resulting from camping activities are incidental ingestion of soil, drinking Elliott 
Creek water, and fishing. CDPH identified only one surface water sample, only one riparian soil 
sample, and only one upland soil sample collected around the campground in October 2010. 
Samples were analyzed for arsenic, cadmium, copper, lead, zinc, and mercury. Except for the 
surface water cadmium concentration, all concentrations were non-detect or below noncancer 
health CVs for drinking water or soil. Although the cadmium concentration of 1.1 µg/L slightly 
exceeds the child noncancer health CV (0.70 µg/L), given that exposure is not residential, this 
level does not indicate a health concern. The arsenic riparian soil sample concentration (4.7 
mg/kg) exceeds the cancer health CV. 

 
8.1.1 Incidental Swallowing of Water while Swimming 

 
Joe Bar residents and visitors swim in Elliott Creek during the warm, dry summer months. CDPH 
analyzed surface water data collected during these months to evaluate potential exposure from 
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swimming for up to 90 minutes. Exposure could occur by the incidental ingestion of water while 
swimming. 

 

Metal concentrations found in surface water samples collected downstream from Zebra Rock 
prior to the remediation in June 2008 and biannually after the remediation from 2012 to 2015, 
indicate the remediation has not resulted in an increase of contamination into Elliott Creek. For 
example, arsenic levels detected in June 2008 were 0.4 µg/L and ranged between 0.31 to 0.58 
µg/L from 2012 to 2015; or lead which was detected at 0.012 µg/L in 2008 and then not 
detected (<0.5, <1, and <0.2 µg/L) from 2012 to 2015. Therefore, this analysis is representative 
of past and present (and, possibly, future) exposure scenarios. 

 
Surface water samples were collected at the Zebra Rock location in September 2000, April 
2001, August 2001, and October 2010. All samples were analyzed for cadmium, copper, lead, 
and zinc (Appendix B, Table 7). In October 2010, the surface water sample was also analyzed for 
arsenic and mercury. Arsenic and mercury were not detected (laboratory detection limits were 
below noncancer health CVs). Maximum detected concentrations of cadmium, copper, lead and 
zinc were compared to cancer and noncancer media-specific CVs (Appendix B, Table 3). The 
maximum concentrations of cadmium, copper, and zinc are below the noncancer health CVs, 
but lead exceeds the noncancer health CVs. 

 

The maximum concentration of lead (28.2 µg/L) was used to estimate a BLL for a child aged 6 to 
11 with the IEUBK model. To be health protective, CDPH assumed swimming daily during the 
180-day swimming season described previously, so no time-weighted factor was applied to the 
lead concentration. CDPH used an incidental water intake of 0.12 liter per swimming event for a 
child. The estimated child BLL increase from swimming is 2.8 µg/dL (Appendix B, Table 9). Given 
that the estimated BLL for a child is well below CDC’s reference level of 3.5 µg/dL and that the 
percentage of children with elevated BLL <5% (4.3%), it is unlikely that estimated adolescent or 
adult BLLs resulting from the same exposure scenario would be a public health concern. 

 
Arsenic was not detected in surface water. An evaluation of the detection limit (0.58 µg/L) 
showed it to be below the child and adult noncancer CVs yet above the cancer CV (0.016 µg/L). 
If arsenic were present at the detection limit, CDPH estimated the possible increased cancer 
risk (0.58 µg/L x 0.1 [child] & 0.7 [adult] L/day x 7 days each week/26 weeks x 33 years/78 years 
x 0.001 mg/µg x 1.5 [mg/kg/day]-1 / 56.8 kg). The child and adolescent combined risk is 2 in 10 
million (if arsenic were present at the detection limit), which does not present an elevated 
cancer risk (Appendix B, Table 8). 

 
8.1.2 Eating Fish Caught in Elliott Creek 

 

During CDPH’s September 2011 site visit, Joe Bar residents mentioned that both they and 
recreational visitors catch and consume rainbow trout from Elliott Creek [Innovative Technical 
Solutions Inc. 2011]. Some Joe Bar residents catch and consume up to three fish meals per 
week [Bonnie Arthur, USEPA Project Manager, personal communication, June 18, 2012]. Based 
on USEPA’s fish consumption guidance (before cooking), an adult Joe Bar resident could 
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consume up to approximately 96 grams of fish per day (g/day) and a 6-11 year-old child 
resident up to 35 g/day (USEPA 2011). 

 

Rainbow trout samples were collected from 2010 through 2015 (pre- and post-remediation) at 
recreational fishing locations in Elliott Creek. In 2010, the fillet (edible) portions of the fish were 
analyzed separately from the whole fish. CDPH assessed fish consumption exposure using the 
fillet samples because they represent the most edible portion of the fish. However, people who 
consume other portions of the fish may have different exposures. A total of 14 fish (trout) fillets 
were analyzed; however, CDPH evaluated only the 12 samples collected from the potentially 
impacted section of Elliott Creek (within the Joe Creek confluence to the Applegate River 
confluence) and not the 2 fillets collected upstream from the Joe Creek confluence. 

 
Twelve trout fillet samples were analyzed for arsenic, cadmium, copper, lead, and zinc. Ten of 
the fillet samples were analyzed for total mercury, however, to be most health protective CDPH 
assumed this to be methyl mercury (Appendix B, Table 10). Copper and zinc were found in all 
fillet samples, cadmium in four samples, arsenic in three samples, lead in one sample, and 
mercury was not detected in any of the (10) samples. Table 8.1.2 below provides a summary of 
the analyses. 

 

Table 8.1.2 Fish Fillet Metals Analysis Summary 
 

Total Number of Number Minimum and maximum range of 
Metals, Samples of Detects detections and non-detections 

not   milligrams per kilogram 
speciated    

Arsenic 12 3 0.11 - <0.4 

Cadmium 12 4 0.046 - <0.1 

Copper 12 12 0.29 - 2.37 
Lead 12 1 0.09 - <0.2 

Zinc 12 12 6.96 - 34.8 

Total 
mercury 

10 0 <0.094 - <0.099 

 
There are no ATSDR media-specific CVs for fish consumption, so CDPH estimated exposure 
doses for all contaminants found in fish. Fishing was assumed to occur mid-April through mid- 
October (3 servings per week). Child and adult arsenic, cadmium, copper, zinc, and methyl 
mercury exposure doses were estimated based on either the ProUCL value or the maximum 
non-detect value and compared to health guidelines. An additional consideration was taken for 
arsenic. Arsenic occurs in the environment in two forms: inorganic and organic. Studies have 
shown that arsenic in the inorganic forms can be a significant concern to human health, 
whereas the organic forms of arsenic are not a health concern (ATSDR 2007). Consensus in the 
literature reports that roughly 10% of the arsenic found in the edible parts of fish is inorganic 
arsenic (ATSDR 2007). In Table 8.1.2a, a factor of 0.1 was applied to account for the 10% 
portion of arsenic that was inorganic. All exposure dose estimates were below health 
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guidelines. Table 8.1.2.a below provides the exposure point concentrations, exposure doses, 
health guidelines and health indices. 

 
Table 8.1.2a Fish Fillet Exposure Dose and Hazard Index 

 

Metal Exposure Point 
Concentration 

Exposure Dose 
(child) 

MRL HQ (Dose/MRL) 

(milligrams per 
kilogram) 

(milligrams per kilogram per day) 

Inorganic 
Arsenic 

0.04 (0.1 adjustment 
factor) 

0.000009 (child) 
0.00001 (adult) 

0.0003 
(Chronic) 

0.03 
0.03 

Cadmium 0.088 (ProUCL) 0.00002(child) 
0.00002 (adult) 

0.0001 
(Chronic) 

0.2 
0.2 

Copper 1.54 (ProUCL) 0.0007 (child) 
0.0008 (adult) 

0.02 
(Provisional 
Intermediate) 

0.04 
0.04 

Zinc 23.5 (ProUCL) 0.05 (child) 
0.06 (adult) 

0.3 
(Chronic) 

0.02 
0.02 

Methyl 
mercury 

<0.099 (Max)* 0.000021 (child) 
0.000023 (adult) 

0.0003 
(Chronic) 

0.07 
0.08 

 HI (sum of HQs) 0.4 (child) 
0.4 (adult) 

ProUCL values calculated using ProUCL Version 5.1. 
*Mercury was not detected in any sample. A ProUCL calculation was not possible. <0.099 mg/kg 
is the maximum non-detect value. 
Exposures assumed fish consumption of 96 grams per day for an adult and 35 grams per day for 
a child, three servings per week, 24 weeks per year, for 33 years. 

 

To investigate whether potential additive effects occurred from a combined exposure to the 
copper and zinc, the HI was determined by calculating HQs based on the most conservative 
child doses based on the fish consumption assumptions stated above. The HQs were summed 
to determine the HI. The HI for adult (0.4) and child (0.4) are less than 1, indicating that 
combined exposure to noncancer health effects from copper and zinc are not expected. 

 

Lead was detected in only one of the 12 fillet samples (0.09 mg/kg). To be health protective, the 
maximum non-detect lead value (0.2 mg/kg) was used to predict a BLL for a child aged 6 to 7 
with the IEUBK model. The estimation assumed that 10% of the total meat consumption was 
from fish caught in Elliot Creek5. The estimated lead BLL is 2 µg/dL. Given that the estimated 
BLL for a child is well below CDC’s reference level of 3.5 µg/dL and that the percentage of 
children with elevated BLL <5% (2.6%), it is unlikely that estimated adolescent or adult BLLs 
resulting from the same exposure scenario would be a public health concern. 

 

5 https://www.epa.gov/superfund/lead-superfund-sites-frequent-questions-risk-assessors-integrated-exposure- 
uptake, last accessed March 2022. 

https://www.epa.gov/superfund/lead-superfund-sites-frequent-questions-risk-assessors-integrated-exposure-uptake
https://www.epa.gov/superfund/lead-superfund-sites-frequent-questions-risk-assessors-integrated-exposure-uptake
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CDPH estimated the possible increased cancer risk from consuming arsenic in fish from Elliott 
Creek. The maximum adjusted inorganic arsenic value (0.04 mg/kg) was used to estimate the 
cancer risk. The child cancer risk (3 in 1 million) and the adult cancer risks (6 in one million) do 
not present elevated cancer risks. 

 
In summary, eating fish caught from Elliott Creek does not present noncancer nor cancer health 
risks. In addition, decreasing concentrations of site-related COCs seen in fish post-remediation 
adds further support that eating fish caught from Elliot Creek does not pose a health concern 
for recreational visitors presently or in the future. 

 
8.1.3 Eating Home Garden Produce Irrigated with Elliott Creek Water 

 
During the September 2011 site visit, one Joe Bar resident mentioned using water from Elliott 
Creek to irrigate garden vegetables. Some plants can uptake metals in the soil through their 
roots and sometimes distribute the metals to edible parts of the plant [USEPA 2007b]. The 
amount of metal a plant might uptake is highly dependent on how frequently the plant is 
irrigated, the type of plant (such as a root, leaf, herb, or fruit plant), the metal, and the soil 
conditions. For example, plants grown in soils comprising mostly sands or clays will more 
readily absorb lead than plants grown in soils containing organic materials or soils containing 
equal amounts of sand and clay [Vandenhove 2009]. 

 
In August 2013, the USEPA collected vegetable samples from the Joe Bar resident’s garden 
known to have been irrigated with Elliott Creek water. In total, five radish samples and two 
lettuce samples were collected (see Appendix B, Table 11). 

 
There are no CVs for exposure to metals from eating vegetables; therefore, CDPH compared the 
radish and lettuce maximum concentrations detected to the U.S. Food and Drug 
Administration, Total Diet Survey (TDS) metal sampling results. The FDA uses TDS to monitor 
contaminant (and nutrient) amounts in foods consumed in the average U.S diet [FDA 2021]. 
CDPH focused on the metals analyzed in Elliott Creek surface water samples: arsenic, cadmium, 
copper, lead, zinc, and mercury. Among the lettuce samples, only the maximum concentration 
of zinc (5.3 mg/kg) exceeds the FDA TDS range (1 - 3.2 mg/kg) [FDA 2007 & 2014]. Among the 
radish samples, the maximum concentration of arsenic (0.04 mg/kg), cadmium (0.05 mg/kg), 
copper (0.9 mg/kg), lead (0.03 mg/kg), and zinc (10.3 mg/kg) exceed the FDA TDA ranges. 

 
No lettuce or radish samples detected mercury and FDA TDS comparison concentrations were 
not available for mercury. Therefore, mercury was assessed using the maximum non-detect 
value. Lead was evaluated separately. 

 

The number of homegrown radishes Joe Bar residents and guests consume per day is unknown. 
CDPH assumed adults and adolescents could consume up to two radishes per day. Although no 
children permanently reside at Joe Bar, at the time produce was sampled visiting families 
included children. Therefore, CDPH also assessed exposure to children aged 2 to 6 and assumed 
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children consumed one radish per day. Total radish intake amounts were estimated from US 
Department of Agricultural measurement data that reports the average weight of a medium- 
sized radish (3/4” to 1” diameter) to be 4.5 grams (https://fdc.nal.usda.gov/fdc- 
app.html#/food-details/169276/measures). Therefore, two radishes per day is equal to 9 grams 
(4.5 grams X 2) and one is equal to 4.5 grams. 

 

Daily intake rates for lettuce were derived from consumption of persons eating home-grown 
vegetables and living in rural areas in the western United States [USEPA, 2011]. CDPH assumed 
that Joe Bar residents and guests would consume home-grown produce during the spring, 
summer, and early fall (mid-April to mid-October). None of the exposure doses exceed the 
noncancer health guidelines for arsenic, cadmium, copper, zinc, or mercuric chloride (Appendix 
B, Table 12). 

 
To investigate whether potential additive effects occurred from a combined exposure to the 
arsenic, cadmium, copper, mercury, and zinc, the HI was determined by calculating HQs based 
on the most conservative child doses: arsenic (HQ = 0.02), cadmium (HQ = 0.06), copper (HQ = 
0.01), mercury (HQ = 0.002) and zinc (HQ= 0.004). The HQs were summed to determine the HI 
(0.1). The HI sum is less than 1 indicating that noncancer health effects are not expected. Refer 
to Appendix B, Table 12 for child and adult exposure doses and HQs. 

 

Lead exposure was estimated for a young child using the maximum concentration of lead found 
in radishes (0.04 mg/kg) and lettuce (0.015 mg/kg) using the IEUBK model. The predicted BLL 
from radish consumption was 1.8 µg/dL and the percentage of children with elevated BLL is 
<5% (1.4%); the BLL from lettuce consumption was 1.7 µg/dL and the percentage of children 
with elevated BLL is <5% (1.3%). The estimations assumed that 10% of the total vegetables 
consumed were from the home-grown radishes and lettuce. These estimated contributions are 
below 3.5 µg/dL, the CDC reference level. 

 

CDPH estimated the potential cancer risk for a child and adult from consuming arsenic in home- 
grown vegetables (Appendix B, Table 13). The combined cancer risk for a child aged 2 to 21 is 2 
in 1,000,000 and for an adult is 1 in 1,000,000, which does not present cancer risks. 

 

8.1.4 2010 Adit Release Evaluation 
 

Joe Bar Residents raised concerns regarding a large release of adit water in August 2010 that 
contaminated Elliott Creek. On August 18, 2010, an excavator uncovered an unknown mine 
adit. The adit, which was full of water, released significant amounts of AMD into Joe Creek and 
then emptied into Elliott Creek. Joe Bar residents noticed the release and reported that Elliott 
Creek had temporarily turned into an orange “rusty” color for roughly a week. 

 
In response to residents’ concerns, the USFS collected surface water samples from Elliott Creek 
at Joe Bar (the Elliott Creek bridge) on August 18, August 19, August 26, and September 2 of 
2010. The water samples were analyzed for site-related metals, sulfate, and total dissolved 
solids. Table 8.1.4 provides the concentrations found. All metals detected from August 18 

https://fdc.nal.usda.gov/fdc-app.html%23/food-details/169276/measures
https://fdc.nal.usda.gov/fdc-app.html%23/food-details/169276/measures
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through September 2 were reported either below laboratory limits or below health comparison 
values. Results of water samples indicate that the August 18, 2010, incident did not cause Elliott 
Creek to be a concern for human health. 

 

Table 8.1.4: Elliott Creek Surface Water Samples Collected at Joe Bar During 2010 Adit Water 
Release Event 

 

Sample Date Sulfate Total 
Dissolved 
Solids 

Arsenic Cadmium Lead Copper Zinc 

(micrograms per liter) 

August 18 NR NR <0.002 <0.001 <0.001 <0.004 0.005 
August 19 8.10 94 <0.002 <0.001 0.033 0.03 0.03 

August 26 6,160 85,000 <2.00 <1 <1.00 <4 6.72 

September 2 NR NR 9.86 <1.34 6.37 51.6 65.3 

MCL 250,000 500,000 10 5 151 10002 50002 

NR: Not reported 
1This value is an established USEPA action level, not an MCL. 
2 This value is a secondary drinking water standard, not an MCL. Amounts above the standard 
could cause an undesirable metallic taste or discoloration (see 
https://www.epa.gov/sdwa/secondary-drinking-water-standards-guidance-nuisance-chemicals 
table. Last accessed March 2022.) 

 

Sediment samples collected at Elliott Creek roughly 500 feet downstream from the Joe Bar 
community from 2008 through 2012 indicate that contaminants from the 2010 adit release did 
not settle to the bottom of Elliott Creek near the Joe Bar community. In June 2008, arsenic was 
found at 6.2 mg/kg, cadmium at 0.27 mg/kg, copper at 51.3 mg/kg, and lead at 5.52 mg/kg. The 
ranges of metal detection among the three sampling events from 2011 to 2012 are as follows: 
arsenic between 1.82 mg/kg and 5.97 mg/kg, cadmium between 0.34 mg/kg to <0.67 mg/kg, 
copper between 33.3 mg/kg to 73.7 mg/kg, and lead between 3.4 mg/kg to 5.8 mg/kg. 

 
Overall, the levels of metals found in sediment samples did not increase from 2008, indicating 
that metals released did not settle to the bottom of the creek and accumulate in the sediment 
over time. 

 

8.2 Exposure to Off-site Contaminants in the Applegate River and Applegate Reservoir 
 

Elliott Creek joins the Applegate River, which enters Oregon and empties into the Applegate 
Reservoir (Appendix A, Figure 2). Joe Bar residents and recreational visitors use both the 
Applegate River and Applegate Reservoir for swimming and fishing. The calculations in this 
section address exposures during swimming in Elliott Creek and the Applegate River. Eating fish 
from the Applegate Reservoir is addressed in CDPH’s 2015 Health Consultation Letter to USEPA 
[CDPH 2015], which identified elevated mercury levels in some fish from the Reservoir and 
recommended limits on the consumption of these fish (see Appendix C). 

https://www.epa.gov/sdwa/secondary-drinking-water-standards-guidance-nuisance-chemicals
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Pre-remediation surface water samples from June 2008 to October 2010 were collected from a 
popular day-use area known as Seattle Bar, which is adjacent to where the Applegate River 
empties into the Applegate Reservoir (see Appendix B, Table 3). In 2010, surface water samples 
were analyzed for arsenic, cadmium, copper, lead, zinc, and mercury. Lead is discussed 
separately below. None of the maximum concentrations exceed noncancer health CVs for 
adults. The maximum concentrations of copper (149 µg/L) and cadmium (1.1 µg/L) exceed child 
media-specific CVs and were examined further. 

 
CDPH estimated exposure doses for a child accidentally swallowing cadmium and copper in the 
water while swimming (Appendix B, Table 7). Seattle Bar is open from May through July (90 
days), and a child (age 6 to 11) was assumed to swim for 1 hour each day. The estimated 
cadmium and copper doses (1.0E-06 mg/kg/day; 0.00056 mg/kg/day) for a child do not exceed 
the applicable health guidelines (1.0E-04 mg/kg/day [cadmium]; 0.02 mg/kg/day [copper]). 

 
Due to the small number of samples, the maximum lead concentration detected (28.3 µg/L) 
was used to estimate BLL in the IEUBK model rather than the mean. We assumed a child would 
visit Seattle Bar once per week and applied a time-weighted factor of 1/7 (1/7 =0.14) to the 
lead concentration to account for the infrequent exposure (28.3 µg/L * 0.14 = 3.96 µg/L). The 
estimated BLL for children aged 2 to 6 years is 1.8 µg/dL, which is well below the CDC reference 
level of 3.5 µg/dL , and the percentage of children with elevated BLL is <5% (1.6%) (Appendix B, 
Table 9). Adolescent and adult BLLs are expected to be even lower than child BLLs. 

 
The maximum arsenic concentration exceeds the cancer CV (Appendix B, Table 3). CDPH 
applied the assumptions used to estimate noncancer exposure doses above to estimate cancer 
risks from exposure to swimming at Seattle Bar (Appendix B, Table 8). The child (age 6 to 21 
years) cancer risk is 4 in 10 million, and the adult risk is 3 in 10 million, which do not present 
cancer risks. 

 

9. Community-requested Evaluation of Joe Bar Potable Water Sources 
 

During CDPH’s outreach to the Joe Bar community, residents expressed concerns about their 
drinking water. The five residences that make up the Joe Bar community obtain potable water 
from private groundwater wells and a natural spring. CDPH evaluated the available drinking 
water data at their request. Based on existing data, the Blue Ledge Mine site does not impact 
their private wells and natural spring. According to the 2013 assessment, “arsenic present in 
drinking water samples cannot be directly attributed to contamination at the site and may be 
the result of naturally occurring arsenic” [Engineering/Remediation Resources Group 2013]. 

 

Two of the residences share a water source. Water samples were collected from the residences 
at various times of the year from 2008 to 2015 and analyzed for arsenic, cadmium, copper, 
lead, zinc, iron, sulfates, pH, and total dissolved solids. 
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CDPH compared the maximum detected concentrations per residence to the federal and state 
drinking water standards or MCLs (Appendix B, Table 14). Except for iron (discussed below), all 
contaminants are below the federal and state drinking water limits. Table 9.1 below shows the 
maximum metal concentrations found in Joe Bar residential water samples. 

 

Table 9.1: Joe Bar Maximum Residential Water Concentrations and MCLs 
 

Joe Bar Residences Maximum Detected Concentration 

(micrograms per Liter) 

Arsenic Cadmium Lead Copper Zinc Iron 

Residence 1 7 0.9 3.16 12.1 1,300 1,760 

Residence 2 5.58 0.13 0.3 22.2 191 2,170 

Residence 3 & 4 3 0.5 2.02 18.9 1,730 1,380 

Residence 5 4.38 0.17 1.43 57.2 1,210 1,490 

MCL (federal and state) 10 5 151 10002 50002 3002 
1This value is an established USEPA action level, not an MCL. 
2 This value is a secondary drinking water standard, not an MCL. Amounts above the standard 
could cause an undesirable metallic taste or discoloration (see 
https://www.epa.gov/sdwa/secondary-drinking-water-standards-guidance-nuisance-chemicals 
table. Last accessed March 2022.) 

 
Iron was detected above the USEPA’s secondary MCL (300 µg/L) [USEPA 2017] in all residences 
(Appendix B, Table 14). A secondary MCL is not based on health effects, but, rather, on 
cosmetic effects (such as tooth or skin discoloration) or aesthetic effects (such as odor, taste, or 
color). Drinking water that does not meet secondary drinking water criteria can increase the 
risk of health effects from dehydration because people may drink less water. Dehydration 
health effects include unclear thinking, mood changes, lowered heat tolerance, constipation, 
and kidney stones [CDC 2020]. Elevated iron could cause water to be rusty in color, have a 
metallic taste, and leave reddish or orange staining on clothes. An adult drinking approximately 
2 liters of water each day with the maximum concentration of iron detected in a Joe Bar 
residence (2,170 µg/L) would result in daily iron ingestion of 4,340 µg/day, which is much less 
than the NIH’s 40,000 µg/day level known to cause gastrointestinal distress [U.S. Department of 
Health and Human Services 2011]. 

 

Arsenic is a naturally occurring element often found in drinking water sources at low levels 
[ATSDR 2007]. In California, the range of naturally occurring arsenic found in drinking water 
sources is less than 1 µg/L to 52 µg/L [OEHHA 2004], and the maximum detected arsenic 
concentrations in Joe Bar drinking water (3 µg/L to 7.0 µg/L) are within this range, which are 
also below the MCL of 10 µg/L. Joe Bar residents can obtain a water treatment device to filter 
contaminants, such as iron and arsenic, from their drinking water. The California Water Quality 
Control Board provides information about registered water treatment devices [SWRCB 2021] 

 

10. Limitations of Evaluation 

https://www.epa.gov/sdwa/secondary-drinking-water-standards-guidance-nuisance-chemicals
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The identification and analysis of environmental exposures is complex and inexact. To begin 
with, this PHA was prepared using various sources of information and there are differing 
amounts of uncertainty associated with each source of information. For instance, CDPH relied 
on sampling information provided by the USEPA, the USFS, and private contracting companies. 
CDPH also used assumptions to estimate exposure doses. The exposure assumptions are meant 
to provide health-protective (conservative) results for the exposure estimates while balancing 
plausible scenario elements such as the number of recreational visits per year; quantity and 
type of fish consumed; site conditions; climate and time of year; and potential ages of exposed 
populations. Exposure doses are compared to health-protective levels determined in toxicity 
studies. Toxicity studies are usually conducted with adult animals; and, human toxicity studies, 
when available, often monitor adult workers who are exposed to high concentrations of 
contaminants. Extrapolating animal and human toxicity findings to residential levels of 
exposure is challenging and inexact. 

 

11. Community Health Concerns 
 

The collection, documentation and response to community health and exposure concerns are a 
vital part of the PHA process. CDPH traveled to the Blue Ledge Mine site in September 2011 to 
conduct a site visit and interview residents from the Joe Bar community to identify community 
concerns and potential exposure pathways related to the site. 

 
The main concerns expressed by the Joe Bar residents were (1) potential negative health effects 
from using/drinking water from their wells, the local spring, Elliot Creek, and Joe Creek, (2) 
health effects from eating fish caught from the Applegate Reservoir (assessed in Appendix C) 
and Elliott Creek, and (3) whether a large release of adit water in August 2010 significantly 
contaminated Elliott Creek. CDPH addressed these concerns in various parts of this report and 
summarized our findings in the Summary (Section 1) and Conclusions (Section 12) sections of 
this report. 

 

12. Conclusions 
 

CDPH evaluated the ways people could come into contact with contaminants from the Blue 
Ledge Mine site, in the past, in the present, and in the future. Conclusions about present 
exposure also apply to the future. All conclusions are based on site visits, available data, and 
reports. ATSDR and CDPH’s conclusions of this evaluation are as follows: 

 
1. Drinking water from a bottle filled with water from where acid mine runoff empties 

into Joe Creek at the base of the Blue Ledge Mine site presently or in the past might 
cause recreational visitors to experience gastrointestinal distress, such as abdominal 
pain, vomiting, and nausea. 

 
2. We are not certain whether touching, breathing, or swallowing on-site sediments 

found in treatment ponds might could harm the health of recreational visitors. 
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3. Touching, beathing, or incidentally swallowing contaminants in on-site surface soil or 
sediment presently or in the past at the Blue Ledge Mine site is not expected to 
harm the health of recreational visitors walking on the site. 

 
4. Accidentally swallowing water while swimming in Elliott Creek or the Applegate 

River is not likely to harm or have harmed the health of recreational visitors in the 
presently or in the past. 

 
5. Eating fish caught in Elliott Creek is not expected to harm or have harmed the health 

of recreational anglers or Joe Bar residents in the presently or in the past. 
 

6. Eating vegetables grown in Joe Bar home gardens irrigated by Elliott Creek water is 
not expected to harm residents’ health. 

 

7. Drinking tap water from Joe Bar homes could contain natural levels of arsenic, but 
the levels are not likely to harm people’s health. The levels found in water do not 
exceed California or USEPA drinking water standards. 

 

13. Recommendations 
 

ATSDR and CDPH recommend the following: 
• USEPA continue monitoring the runoff from the Blue Ledge Mine site for metals. 
• USEPA post signs at the Joe Bar Creek and AMD confluence to discourage recreational 

visitors from drinking from that location. 

• USEPA post signs at the treatment ponds to discourage recreational visitors from 
entering. 

• USEPA collect sediment samples from the dried treatment ponds to confirm potential 
contamination. 

• USEPA and CDPH provide Joe Bar residents with resources to assist them with 
evaluating and reducing common exposures to lead such as chipping paint, old water 
pipes, and plumbing fixtures. 

• USEPA and CDPH provide Joe Bar residents with resources about obtaining water 
filtration devices. 

 

14. Public Health Action Plan 
 

The Public Health Action Plan (PHAP) for this site contains a description of completed actions, 
actions that are to be taken in the future, and actions that are under consideration by ATSDR 
and CDPH or others at or near the site. The purpose of the PHAP is to ensure that this PHA not 
only identifies public health hazards, but also provides a plan of action designed to mitigate and 
prevent adverse human health effects resulting from exposure to hazardous substances in the 
environment. 
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14.1 Actions Completed 
 

• CDPH gathered community concerns by meeting with local residents in September 
2011. 

• CDPH assessed exposure specifically for a Joe Bar resident consuming fish from 
Applegate Reservoir. Results were provided to the USEPA in the summer of 2015. 

 

14.2 Actions Planned 
 

• CDPH will disseminate this PHA for public comment and will respond to all comments 
received. 

• CDPH will continue to assist USEPA create warning signs that will be posted at the site. 

• ATSDR and CDPH will publish the final PHA. 
• CDPH will create a fact sheet summarizing the PHA’s findings for the US Forest Service 

to distribute to future recreational site visitors. 
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15. Report Preparation 
 

The California Department of Public Health (CDPH) prepared this Public Health Assessment for 
the Blue Ledge Mine Superfund Site in Siskiyou County, California. This publication was made 
possible by a cooperative agreement (program number TS20-2001) with the federal Agency for 
Toxic Substances and Disease Registry (ATSDR). CDPH evaluated data of known quality using 
approved methods, policies, and procedures existing at the date of publication. ATSDR 
reviewed this document and concurs with its findings based on the information presented by 
CDPH. 
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Figure 1. Location of the Blue Ledge Mine site, border between California and Oregon, 
surrounding cities, and the Applegate Reservoir. 

Source: Google Earth © 2017 
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Figure 2. Vicinity of the Blue Ledge Mine Site: Joe Creek, Elliott Creek, United States Forest 
Service (USFS) Roads 1060 and 1055, Zebra Rock, Pacific Crest Trail, and Joe Bar Community. 

Source: [USFS Pacific Crest National Scenic Trail https://www.fs.usda.gov/pct, Engineering/Remediation 
Resource Group Inc. 2012, Innovative Technical Solutions Inc. 2011] 

http://www.fs.usda.gov/pct
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Figure 3. Past accessibility of waste rock piles 1-4, Blue Ledge Mine, California 
 

Source: 2005 image from Google Earth 
 

 
Figure 4. View of the drainage channel as it enters Joe Creek, Blue Ledge Mine, California 

 

Source: [Weston Solutions Inc. 2004] 
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Figure 5. Current accessibility of waste rock piles 1-4, Blue Ledge Mine, California 

Source: Google Earth © 2014 
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Appendix B. Tables 
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Table 1. Completed exposure pathways, Blue Ledge Mine, California 
 

Exposure Source Environmental 
Media 

Exposure Activity Exposure Route Exposed Population Time frame 

Waste rock piles 
(on-site) 

Soil/sediment, dust Hiking or visiting 
the site 

Incidental 
ingestion, 
breathing dust, 
dermal* 

Recreational visitors Past, Present, 
Future 

Confluence of acid- 
mine drainage and 
Joe Creek (on-site) 

Surface water Filling a water 
bottle, wading 

Drinking, incidental 
ingestion, dermal* 

Recreational visitors Past, Present, 
Future 

Elliott Creek (off- 
site) 

Surface water Swimming Incidental 
ingestion, dermal* 

Recreational visitors Past, Present, 
Future 

Elliott Creek (off- 
site) 

Fish Fishing Eating Joe Bar residents, 
recreational anglers 

Past, Present, 
Future 

Elliott Creek (off- 
site) 

Home-grown 
vegetables 

Irrigating garden Eating Joe Bar residents 
and visitors 

Past, Present, 
Future 

Applegate River and 
Reservoir (off-site) 

Surface water Swimming Incidental 
ingestion, dermal* 

Recreational visitors Past, Present, 
Future 

Potable water 
(community- 
requested, not site- 
impacted) 

Groundwater Drinking from 
private well 

Drinking Joe Bar residents 
and guests 

Past, Present, 
Future 

* No other exposure routes for this pathway indicate a health concern, so dermal absorption exposure was not evaluated. 
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Table 2. On-site soil (top 3 inches) sample results, Blue Ledge Mine, California 
 

Location Sample Period Contaminant Number 
of 

Samples 

Number 
of 

Detects 

Maximum 
Conc. 

(mg/kg) 

Comparison 
Value (CV) 

(mg/kg) 

Type of CV 

WRP 1 & 2 7/2005, 7/2010 (past) Arsenic 12 12 301 16 * chronic EMEG / RMEG 
child 

Cadmium 8 4 3.6 5.2 chronic EMEG child 

Copper 8 8 2,740 1,000 intermediate EMEG 
child 

Iron 8 8 121,000 55,000 USEPA RSL 

Lead 12 12 7,890 80 CalEPA CHHSL 

Mercury 6 6 92.8 16 RMEG child for 
mercuric chloride 

Silver 4 4 390 260 RMEG child 

Zinc 8 8 754 16,000 chronic EMEG child / 
intermediate EMEG 
child / RMEG child 

WRP 1, 2 & 4 7/2010 – 8/2011 
(present/future) 

Arsenic 41 41 113 16 * chronic EMEG / RMEG 
child 

Cadmium 41 3 1.27 5.2 chronic EMEG child 

Copper 41 41 2,508 1,000 intermediate EMEG 
child 

Lead 41 41 742 80 CalEPA CHHSL 

Zinc 41 41 1,350 16,000 chronic EMEG child / 
intermediate EMEG 
child / RMEG child 
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Location Sample Period Contaminant Number 
of 

Samples 

Number 
of 

Detects 

Maximum 
Conc. 

(mg/kg) 

Comparison 
Value (CV) 

(mg/kg) 

Type of CV 

WRP 3 7/2010 – 8/2011 
(present/future) 

Arsenic 26 26 32 16 * chronic EMEG / RMEG 
child 

Cadmium 26 0 0.68 5.2 chronic EMEG child 

Copper 26 26 660 1,000 intermediate EMEG 
child 

Lead 26 26 161 80 CalEPA CHHSL 

Zinc 26 26 561 16,000 chronic EMEG child / 
intermediate EMEG 
child / RMEG child 

Sources: [ICF International 2010, Engineering/Remediation Resource Group Inc. 2012] 
Note: Samples collected prior to 7/2010 are pre-remediation (past exposure) and samples collected post 7/2010 are post 
remediation (current or future exposure) 

Bolded values equal or exceed CVs, while non-bolded values do not. 
Abbreviations: % = percent; mg/kg = milligram per kilogram; CalEPA = California Environmental Protection Agency; CHHSL = 
California Human Health Screening Level [OEHHA 2009]; Conc. = concentration; CV = comparison value; EMEG = environmental 
media evaluation guide; NC = not calculated (too few samples); past = sample collected before remediation; present/future = sample 
collected after U.S. Forest Service 2010-2011 remediation; RMEG = reference dose media evaluation guide; RSL = Regional Screening 
Level [USEPA 2019]; WRP = waste rock pile 
* The CREG for arsenic is below background levels, so the recommended soil CV is the chronic EMEG/RMEG. 
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Table 3. On-site and off-site surface water* sample results, Blue Ledge Mine, California 
 

Location Sample Period Contaminant Number 
of 

Samples 

Number 
of 

Detects 

Maximum 
Concentration 

(µg/L) 

Comparison 
Value (CV) 

(µg/L) 

Type of CV 

On-site: Confluence of 
AMD and Joe Creek 

9/2000 – 5/2012 
(past) 

Arsenic 2 2 0.07 0.016 
2.1 

CREG 
chronic EMEG child 

Cadmium 5 3 4.1 0.70 chronic EMEG child 

Copper 5 5 790 140 intermediate EMEG 
child 

Lead 5 3 10.7 15 USEPA Action Level 

Zinc 5 5 774 2,100 chronic EMEG child / 
intermediate EMEG 
child / RMEG child 

5/2012 – 4/2015 
(present/future) 

Arsenic 21 0 <0.5 0.016 CREG 

Cadmium 21 19 28.5 0.70 chronic EMEG child 

Copper 22 22 3,150 140 intermediate EMEG 
child 

Lead 21 2 1.47 15 USEPA Action Level 

Zinc 21 21 4,900 2,100 chronic EMEG child / 
intermediate EMEG 
child / RMEG child 

Off-site: Elliott Creek at 
Zebra Rock 

9/2000 – 10/2010 
(present/future) 

Arsenic 1 0 <0.58 0.016 CREG 

Cadmium 4 0 <0.63 0.70 chronic EMEG child 

Copper 4 2 73.5 140 intermediate EMEG 
child 
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Location Sample Period Contaminant Number 
of 

Samples 

Number 
of 

Detects 

Maximum 
Concentration 

(µg/L) 

Comparison 
Value (CV) 

(µg/L) 

Type of CV 

  Lead 4 1 28.2 15 USEPA Action Level 

Mercury 1 0 <0.2 2 USEPA chronic MCL 

Zinc 4 3 95 2,100 chronic EMEG child / 
intermediate EMEG 
child / RMEG child 

Off-site: Applegate River 
at Seattle Bar 

6/2008 – 10/2010 
(present/future) 

Arsenic 1 1 2.4 0.016 CREG 

Cadmium 1 1 1.1 0.70 chronic EMEG child 

Copper 1 1 149 140 intermediate EMEG 
child 

Lead 1 1 23.8 15 USEPA Action Level 

Mercury 1 1 0.08 2 USEPA chronic MCL 

Zinc 1 1 151 2,100 chronic EMEG child / 
intermediate EMEG 
child / RMEG child 

Sources: [Environment International Ltd. 2002, URS Corporation 2009, Innovative Technical Solutions Inc. 2011, 
Engineering/Remediation Resources Group Inc. 2015] 
Bolded values meet or exceed CVs, while non-bolded values do not. 
Abbreviations: < = less than; µg/L = microgram per liter; AMD = acid mine drainage; CREG = cancer risk evaluation guide, CV = 
comparison value; EMEG = environmental media evaluation guide; MCL = maximum contaminant level; NA = not available; past = 
sample collected before remediation; present/future = sample collected after U.S. Forest Service 2010-2011 remediation; RMEG = 
reference dose media evaluation guide; USEPA = United States Environmental Protection Agency 
* Surface water samples were filtered prior to analysis. 
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Table 4.1. On-site recreational visitor: site-specific, ingestion-only exposure doses for chronic exposure to contaminants in soil 
with non-cancer hazard quotients, Blue Ledge Mine, California 

 

Exposure 
Period 

Contaminant Concentration 
(mg/kg) 

Concentration Type RME Dose 
(mg/kg/day) and 

Receptor 

Non-cancer Health 
Guideline 

(mg/kg/day) and Type 

RME Non- 
cancer Hazard 

Quotient 

Past Arsenic 197 95% UCL of the mean 0.00003 (child) 0.0003 (chronic MRL) 0.095 

Copper 2740 Maximum 0.0025 (child) 0.02 (provisional 
intermediate MRL) 

0.13 

Mercury 92.8 Maximum 0.00002 (child) 0.0003 (RfD for 
mercuric chloride) 

0.073 

Silver 390 Maximum 0.00009 (child) 0.005 (RfD) 0.019 

Present/Future Arsenic 70 95% UCL of the mean 0.00001 (child) 0.0003 (chronic MRL) 0.034 

Copper 738 95% UCL of the mean 0.00066 (child) 0.02 (provisional 
intermediate MRL) 

0.033 

Source: The calculations in this table were generated using ATSDR’s PHAST v1.5.0.0. 
Abbreviations: mg/kg/day = milligram chemical per kilogram body weight per day; MRL = minimal risk level; RfD = reference dose; 
RME = reasonable maximum exposure (higher); UCL = upper confidence limit from ProUCL version 5.0 [USEPA 2013] Assumed a child 
body weight to be 31.8 Kg and an adult body weight to be 80kg 
Assumed exposure 1 day per week and 14 weeks per year over 33 years. 

 

Table 4.2. On-site recreational visitor: site-specific, ingestion-only exposure doses for chronic exposure to contaminants in soil 
with cancer risk estimates, Blue Ledge Mine, California 

 

Exposure 
Period 

Contaminant Concentration (mg/kg) Concentration 
Type 

RME Dose 
(mg/kg/day) and 

Receptor 

Cancer Slope Factor 
(mg/kg/day)-1 

Estimated 
Increased Cancer 

Risk 

Past Arsenic 197 95% UCL of the 
mean 

0.00003 (child) 1.5 4 / million 

0.000006 (adult) 1.5 4 / million 

Present/Future Arsenic 70 95% UCL of the 
mean 

0.00001 (child) 1.5 3 / million 

0.000002 (adult) 1.5 1 / million 

Source: The calculations in this table were generated using ATSDR’s PHAST v1.5.0.0. 
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Abbreviations: mg/kg/day = milligram chemical per kilogram body weight per day; RME = reasonable maximum exposure; UCL = 
upper confidence limit from ProUCL version 5.0 [USEPA 2013] 
Assumed: exposure 1 day per week and 14 weeks per year, for 33 years & child body weight to be 31.8 Kg and an adult body weight 
to be 80kg 

 

Table 5. On-site estimated airborne fugitive dust concentrations, Blue Ledge Mine, California 
 

Location Sample Period Contaminant Basis of Soil 
Concentration 

Estimated Air 
Concentration 

(µg/m³) 

Comparison 
Value (CV) 

(µg/m³) 

Type of CV 

WRP 1 & 2 7/2005, 7/2010 (past) Arsenic 95UCL 0.00078 0.00023 CREG 

Cadmium MDC 0.00001 0.00056 CREG 

Copper MDC 0.0051 100 CalEPA acute REL 

Lead 95UCL 0.011 0.15 USEPA NAAQS 
Mercury MDC 0.00037 0.20 chronic EMEG / MRL 

Silver MDC 0.0015 NA NA 

Zinc MDC 0.0015 NA NA 

WRP 1, 2 & 4 7/2010 – 8/2011 (present/future) Arsenic 95UCL 0.0003 0.00023 CREG 
Cadmium 95UCL 0.00001 0.00056 CREG 

Copper 95UCL 0.01 100 CalEPA acute REL 

Lead 95UCL 0.03 0.15 USEPA NAAQS 

Mercury MDC 0.004 0.20 chronic EMEG / MRL 

Silver MDC 0.001 NA NA 

Zinc 95UCL 0.001 NA NA 

WRP 3 7/2010 – 8/2011 (present/future) Arsenic 95UCL 0.00009 0.00023 CREG 

Cadmium 95UCL 0.000002 0.00056 CREG 

Copper 95UCL 0.002 100 CalEPA acute REL 

Lead 95UCL 0.0005 0.15 USEPA NAAQS 

Zinc 95UCL 0.002 NA NA 

Source: [Engineering/Remediation Resource Group Inc. 2012] 
Bolded values meet or exceed CVs, while non-bolded values do not. 
Abbreviations: µg/m³ = microgram per cubic meter; 95UCL = 95 percent upper confidence limit of the mean calculated using ProUCL 
[USEPA 2013]; CalEPA = California Environmental Protection Agency; CREG = cancer risk evaluation guide; CV = comparison value; 
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EMEG = environmental media evaluation guide; MDC = maximum detected concentration (used when too few samples to calculate 
95UCL); MRL = minimal risk level; NA = not available; NAAQS = national ambient air quality standard; past = sample collected before 
remediation; present/future = sample collected after U.S. Forest Service 2010-2011 remediation; REL = reference exposure level; 
USEPA = United States Environmental Protection Agency; WRP = waste rock pile 

 
Estimated Air Concentration = Soil Concentration (kg/m³) / Particulate Emission Factor (PEF, m³/kg), where 
PEF = Q/C x [(3600 s/h)/ 0.036 g/m²/h x (1-V) x (Um/Ut)³ x Fx] = 2.52 x 108 m³/kg 

 
Q/C (31.62 gram/meter²-second per kilogram/meter³): dispersion factor for fugitive dust emitted from soil. Derived using the areal 
extent of the site (500 acres), and default values based on air dispersion modeling for climate zone 1 (Northern California and 
Western Oregon) [USEPA 1996], as follows: 

Q/C = A x exp[(ln A site – B)²/C] 
A = 12.378 

B = 21.99 
C = 265.319 
A site = 500 acres 

3,600 s/h (seconds per hour): time conversion factor 
0.036 g/m²/h (gram per square meter per hour): respirable fraction 
V (0.5, unitless): fraction of vegetative cover 

Um (3.5 meters/second): average wind speed from Squaw Peak meteorological station 
Ut (8 meters/second): wind speed at 7 meters. Based on roughness height for a woodland environment 
Fx (0.3, unitless): wind speed distribution function. Function dependent on Um/Ut and derived using [Cowherd et al. 1985] 

 
Table 6. On-site recreational visitor: site-specific inhalation exposures for chronic exposure to contaminants in air with cancer risk 
estimates, Blue Ledge Mine, California 

 

Exposure Period Contaminant Dust Concentration 
(µg/m³) and Receptor 

Inhalation Unit Risk 
(µg/m³)-1 

Estimated Increased 
Cancer Risk 

Past Arsenic 0.00078 (child, adult) 0.0043 1 / 10 million 
Present/Future Arsenic 0.0003 (child, adult) 0.0043 5 / 100 million 

Abbreviations: µg/m³ = microgram per cubic meter 
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Equation and assumptions used in estimating cancer risk from breathing fugitive dust [ATSDR 2005]: Cancer Risk = (Cdust) (IUR) (EF); 
Cdust: concentration in air (µg/m³); IUR: arsenic inhalation unit risk (µg/m³)-1; EF: exposure frequency (14 days/365 days) 

 

Table 7. Recreational visitor: Site-specific, exposure doses for chronic exposure to contaminants in surface water with non-cancer 
hazard quotients, Blue Ledge Mine, California 

 

Exposure 
Location and 

Period 

Route of 
Exposure 

Contaminant Concentration (µg/L) Concentration 
Type 

RME Dose 
(mg/kg/day) 
and Receptor 

Non-cancer 
Health Guideline 
(mg/kg/day) and 

Type 

RME Non- 
cancer Hazard 

Quotient 

On-site: Direct Arsenic 0.07 Maximum 0.00000012 0.0003 (chronic 0.00040 
Confluence of ingestion* (child) MRL) 
AMD and Joe    

Creek (past)    

  Cadmium 4.1 Maximum 0.000007 0.0001 (chronic 0.07 

  (child) MRL) 

  Copper 790 Maximum 0.0050 (child) 0.02 (provisional 0.25 
  intermediate 

  MRL) 

 Incidental Arsenic 0.07 Maximum 0.00000001 0.0003 (chronic 0.000034 
 ingestion (child) MRL) 
 while   

 wading†   

  Cadmium 4.1 Maximum 0.0000006 0.0001 (chronic 0.006 

  (child) MRL) 

  Copper 790 Maximum 0.00043 0.02 (provisional 0.02 
  (child) intermediate 

   MRL) 
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Exposure 
Location and 

Period 

Route of 
Exposure 

Contaminant Concentration (µg/L) Concentration 
Type 

RME Dose 
(mg/kg/day) 
and Receptor 

Non-cancer 
Health Guideline 
(mg/kg/day) and 

Type 

RME Non- 
cancer Hazard 

Quotient 

On-site: Direct Cadmium 28.5 Maximum 0.000048 0.0001 (chronic 0.48 

Confluence of ingestion* (child) MRL) 
AMD and Joe    

Creek    

(present/future)    

  Copper 3150 Maximum 0.020 (child 0.02 (provisional 1 - recreation 
  recreational intermediate & 5 - acute 

  scenario) acute MRL)  

  0.1 (child   

  acute   

  scenario)   

  Zinc 4900 Maximum 0.0083 (child) 0.3 (chronic MRL) 0.028 

 Incidental Cadmium 28.5 Maximum 0.0000041 0.0001 (chronic 0.041 
 ingestion (child) MRL) 
 while   

 wading   

  Copper 3150 Maximum 0.0017 (child 0.02 (provisional 0.085 - 
  recreational intermediate & recreation 
  scenario) acute MRL) 0.6 - acute 
  0.012 (acute   

  scenario)   
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Exposure 
Location and 

Period 

Route of 
Exposure 

Contaminant Concentration (µg/L) Concentration 
Type 

RME Dose 
(mg/kg/day) 
and Receptor 

Non-cancer 
Health Guideline 
(mg/kg/day) and 

Type 

RME Non- 
cancer Hazard 

Quotient 

  Zinc 4900 Maximum 0.00071 
(child) 

0.3 (MRL) 0.0024 

Off-site: 
Applegate River 
at Seattle Bar 
(present/future) 

Incidental 
ingestion 
while 
swimming 

Arsenic 2.4 Maximum 0.0000023 
(child) 

0.0003 (chronic 
MRL) 

0.0075 

Cadmium 1.1 Maximum 0.000001 
(child) 

0.0001 (chronic 
MRL) 

0.010 

Copper 149 Maximum 0.00056 
(child) 

0.02 (provisional 
intermediate 

MRL) 

0.028 

Source: The calculations in this table were generated using ATSDR’s PHAST v1.5.0.0. 
Abbreviations: mg/kg/day = milligram chemical per kilogram body weight per day; MRL = minimal risk level; RME = reasonable 
maximum exposure 

*Assumed a child aged 6 to <11 years old drank the water 1 day per week and 14 weeks per year for 33 years. 
† Assumed a child aged 6 to <11 years old accidentally swallowed 0.12 liters of water 1 day per week and 14 weeks per year over 33 
years. Assumed child body weight of 31.8 kg. 
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Table 8. Recreational visitor: ingestion exposure doses and cancer risk estimates for chronic exposure to contaminants in surface 
water, Blue Ledge Mine, California 

 

Exposure 
Location and 

Period 

Route of 
Exposure 

Contaminant Concentration 
(µg/L) 

Concentration 
Type 

RME Dose 
(mg/kg/day) and 

Receptor 

Cancer Slope 
Factor 

(mg/kg/day)-1 

Estimated 
Increased 
Cancer 

Risk 

On-site: 
Confluence of 
AMD and Joe 
Creek (past) 

Direct 
ingestion 

Arsenic 0.07 Maximum 0.00000012 (child) 1.5 5 / 100 
million 

Arsenic 0.07 Maximum 0.0000001 (adult) 1.5 7 / 100 
million 

Incidental 
ingestion 
while 
wading 

Arsenic 0.07 Maximum 0.00000001 (child) 1.5 4 / billion 

Arsenic 0.07 Maximum 0.000000002 (adult) 1.5 2 / billion 

Off-site: 
Applegate River 
at Seattle Bar 
(present/future) 

Incidental 
ingestion 
while 
swimming 

Arsenic 2.4 Maximum 0.0000023 (child) 1.5 4 / 10 
million 

Arsenic 2.4 Maximum 0.00000053 (adult) 1.5 3 / 10 
million 

Source: The calculations in this table were generated using ATSDR’s PHAST v1.5.0.0. 
Abbreviations: mg/kg/day = milligram chemical per kilogram body weight per day; RME = reasonable maximum exposure 
Assumed child body weight of 31.8 kg 
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Table 9. Estimated blood lead levels, Blue Ledge Mine, California 
 

Exposure Scenario Exposure Media Lead Concentrations 
[Type of Value*] 

Child 
(Age 6 to <11) 

Estimated 
Blood Lead 

Level** 
(µg/dL) 

Adolescent 
(Age 11 to <21) 

Estimated 
Blood Lead 

Level*** 
(µg/dL) 

Adult 
Estimated 
Blood Lead 
Level*** 
(µg/dL) 

On-site Past: WRP 1 &2 incidental soil ingestion, 
fugitive dust inhalation; drinking water 
intentionally & incidentally from confluence of site 
AMD and Joe Creek 

surface soil: 1,568 mg/kg [mean] x 
(1 d/7 d) = 224 mg/kg 
fugitive dust: 0.011 µg/m³ [maximum] x 
(1 d/7 d) = 0.0016 µg/m³ 
surface water: 10.7 µg/L [maximum] x 
(1 d/7 d) = 1.53 µg/L 

1.8 1.5 1.5 

On-site Present: WRP 1, 2, & 4 incidental soil 
ingestion, fugitive dust inhalation; drinking water 
intentionally and incidentally from confluence of 
site AMD and Joe Creek 

surface soil: 166 mg/kg [mean] x (1 d/7 
d) = 23.7 mg/kg 
fugitive dust: 0.0008 µg/m³ [maximum] 
x (1 d/7 d) = 0.00011 µg/m³ 
surface water: 1.47 µg/L [maximum] x 
(1 d/7 d) = 0.21 µg/L 

1.0 0.5 0.5 

Elliott Creek at Zebra Rock: incidental water 
ingestion while swimming; daily for 180 days 

surface water: 28.2 µg/L [maximum] 2.8 NC NC 

Elliott Creek: Consuming fish fish: 0.2 mg/kg, 3 servings per week 2 NC NC 

Elliott Creek: consuming homegrown vegetables radish: 0.04 mg/kg [maximum] 
lettuce: 0.015 mg/kg [maximum] 

Radish: 1.8 
Lettuce: 1.7 

NC NC 

Applegate River at Seattle Bar: incidental water 
ingestion while swimming; [insert frequency] 

surface water: 28.3 µg/L [maximum] 2.9 NC NC 

Comparison Value (CV) Not Available 3.5 Not Available Not 
Available 

Type of CV Not Available CDC 
Reference 

level 

Not Available Not 
Available 

Source: Tables 2, 5, 6 and 10. 
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Abbreviations: < = less than; µg/dL = microgram per deciliter; µg/L = microgram per liter; µg/m³ = microgram per cubic meter; 1 d/7 
d = 1 day out of 7 days; AMD = acid mine drainage; CalEPA = California Environmental Protection Agency; mg/kg = milligram per 
kilogram; NA = not applicable; Centers for Disease Control reference level; NC = not calculated (unable to predict BLL); WRP = waste 
rock pile 

*Although the mean is to be used in blood lead models, the maximum was used for small sampling datasets. 
**Blood lead levels estimated for 7-year-old children using the U.S. Environmental Protection Agency (USEPA) integrated exposure 
uptake biokinetic (IEUBK) model [USEPA 2021]. The results for 7-year-olds were assumed to apply to children 7 to < 11 years 
***Blood lead levels estimated using the USEPA adult lead methodology (ALM) [USEPA 2003a]. 
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Table 10. Eating fish caught in Elliott Creek: exposure doses and non-cancer hazard quotients, Blue Ledge Mine, California 
 

Contaminant Concentration 
(mg/kg) 

Concentration Type Dose 
(mg/kg/day) and 

Receptor 

Non-cancer Health 
Guideline (mg/kg/day) 

and Type 

RME Non-cancer 
Hazard Quotient 

Arsenic 0.04 Maximum adjusted 0.000009 (child) * 
0.00001 (adult) 

0.0003 (chronic MRL) 0.029 
0.032 

Cadmium 0.088 ProUCL 0.00005(child) * 
0.00002 (adult 

0.0001 (Chronic MRL) 0.5 
0.22 

Copper 1.54 ProUCL 0.0019 (child) * 
0.0008 (adult) 

0.02 (provisional 
intermediate MRL) 

0.095 
0.04 

Zinc 23.5 ProUCL 0.013 (child)* 
0.0058 (adult) 

0.3 (chronic MRL) 0.044 
0.019 

Mercury** <0.099 Maximum non-detect 0.000056 (child) 
0.000024 (adult) 

0.0003 (chronic MRL) 0.19 
0.081 

Concentration results are from wet weight analysis. 
Source: The calculations in this table were generated using ATSDR’s PHAST v1.5.0.0. 
Abbreviations: mg/kg/day = milligram chemical per kilogram body weight per day; MRL = minimal risk level 
*Assumed a child aged 6 to <11 years old ate 36 grams per day of fish 3 days per week for 24 weeks per year and an adult ate 96 
grams per day of fish 3 days per week for 24 weeks per year (for 33 years). 
** For health protective purposes mercury was assumed to be in the more dangerous methylmercury form, which is commonly 
found in fish. 
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Table 11. Off-site homegrown vegetables irrigated with Elliott Creek water sample results, Blue Ledge Mine, California 
 

Homegrown Vegetable Sample Period Contaminant Number 
of 

Samples 

Number 
of 

Detects 

Maximum 
Concentration 

(mg/kg)* 

Radish 8/2013 (present/future) Arsenic 5 5 0.04 

Cadmium 5 5 0.05 

Copper 5 5 0.9 

Lead 5 5 0.04 

Mercury 5 0 <0.004 

Zinc 5 5 10.28 

Lettuce 8/2013 (present/future) Arsenic 2 2 0.007 

Cadmium 2 2 0.03 

Copper 2 2 0.6 

Lead 2 2 0.015 

Mercury 2 0 <0.004 

Zinc 2 2 5.3 

Source: [ALS Group USA Corp. 2013] 
Abbreviations: present/future = sample collected after U.S. Forest Service 2010-2011 remediation; mg/kg = milligram per kilogram 
* CDPH was not able to determine if the results are from wet weight or dry weight analysis. The following exposure calculations 
were based on the conservative assumption that the results are from wet weight analysis. 
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Table 12. Off-site home-grown vegetables irrigated with Elliott Creek water: site-specific exposure doses for chronic exposure in 
solid food along with non-cancer hazard quotients, Blue Ledge Mine, California 

 

Contaminant Exposure 
Concentration 

(mg/kg) 

Concentration 
Type 

RME Dose 
(mg/kg/day) and Receptor 

Non-cancer Health Guideline 
(mg/kg/day) and Type 

RME Non- 
cancer Hazard 

Quotient 

Arsenic 0.04 Maximum 0.000002 (adult 
0.000006 (child) 

0.0003 (chronic MRL) 0.008 
0.02 

Cadmium - 0.05 Maximum 0.000003 (adult) 
0.000006 (child) 

0.0001 (chronic MRL) 0.03 
0.06 

Copper 0.9 Maximum 0.0001 (adult) 
0.0002 (child) 

0.02 (provisional intermediate 
MRL) 

0.005 
0.01 

Mercury 0.004 Maximum 0.0000002 (adult) 
0.0000005 (child) 

0.002 (intermediate MRL for 
mercuric chloride) 

0.00001 
0.0003 

Zinc 10.3 Maximum 0.0006 (adult) 
0.001 (child) 

0.3 (chronic MRL) 0.002 
0.004 

Source: The calculations in this table were generated using ATSDR’s PHAST v1.5.0.0. 
Abbreviations: mg/kg/day = milligram chemical per kilogram body weight per day; MRL = minimal risk level; RfD = reference dose 
(USEPA); RME = reasonable maximum exposure 

 
 

Table 13. Off-site home-grown vegetables irrigated with Elliott Creek water: site-specific exposure doses for chronic exposure in 
solid food along with cancer risk estimates, Blue Ledge Mine, California 

 

Contaminant Concentration 
(mg/kg) 

Concentration 
Type 

RME Dose 
(mg/kg/day) and Receptor 

Cancer Slope Factor 
(mg/kg/day)-1 

Estimated Increased 
Cancer Risk 

Arsenic 0.04 Maximum 0.000006 (child) 1.5 2 / 1 million 

Arsenic 0.04 Maximum 0.000002 (adult) 1.5 1 / 1 million 

Source: The calculations in this table were generated using ATSDR’s PHAST v1.5.0.0. 
Abbreviations: mg/kg/day = milligram chemical per kilogram body weight per day; RME = reasonable maximum exposure 
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Table 14. Community-requested potable water sample results, Blue Ledge Mine, California 
 

Location Sample 
Period 

Contaminant Number 
of 

Samples 

Number 
of 

Detects 

Maximum 
Concentration 

(µg/L) 

Comparison 
Value (CV) 

(µg/L) 

Type of CV MCL 
(µg/L) 

Joe Bar Residential 11/2008 – Arsenic 69 43 7.0 0.16 CREG 10 
Water (4 wells) 4/2015 

  Cadmium 69 28 0.63 0.70 chronic EMEG 5 
  child 
  Copper 69 56 57.2 140 intermediate 1,000 * 
  EMEG child / 
  acute EMEG child 

  Iron 54 46 2,170 300 USEPA SDWR 300 ** 

  Lead 69 27 3.16 15 USEPA Action 15 *** 
  Level 
  Zinc 69 67 1,730 2,100 chronic EMEG 5,000** 
  child / 
  intermediate 
  EMEG child / 
  RMEG child 
  Sulfate 70 69 77,400 NA USEPA SDWR 250,000 
  pH 46 28 8.02 NA USEPA SDWR 6.5-8.5 
  Total 38 38 334,000 NA USEPA SDWR 500,000 
  Dissolved 
  Solids 

Source: [Engineering/Remediation Resources Group Inc. 2015] 
Bolded values meet or exceed CVs, while non-bolded values do not. 
Abbreviations: µg/L = microgram per liter; CREG = cancer risk evaluation guide; CV = comparison value; ppb = part per billion; EMEG 
= environmental media evaluation guide; MCL = maximum contaminant level; RMEG = reference dose media evaluation guide; 
SDWR = Secondary Drinking Water Regulation; USEPA = United States Environmental Protection Agency 
* In lieu of an MCL, the U.S. Environmental Agency (USEPA) regulates copper using a treatment technique that requires systems to 
control the corrosiveness of their water. If more than 10% of tap water samples exceed the copper action level of 1,300 µg/L, water 
systems must take additional steps to reduce levels. 
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** Secondary water standard not based on health effects, but, rather, on cosmetic effects (such as tooth or skin discoloration) or 
aesthetic effects (such as odor, taste, or color). 
*** In lieu of an MCL, USEPA regulates lead using a treatment technique that requires systems to control the corrosiveness of their 
water. If more than 10% of tap water samples exceed the lead action level of 15 µg/L, water systems must take additional steps to 
reduce levels. 
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Appendix C. Eating Fish Caught in the Applegate Reservoir 
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In 2015, at the request of the USEPA, CDPH assessed fish consumption information obtained 
from the Applegate Reservoir specifically for Joe Bar residents [CDPH 2015]. In addition, the 
Oregon Health Authority assessed recreational exposure and recommended limited fish 
consumption of some fish obtained from Applegate Reservoir due to mercury contamination 
[Oregon Health Authority, Fish Advisories and Consumption guidelines: Applegate Lake 
https://www.oregon.gov/OHA/PH/HealthyEnvironments/Recreation/FishConsumption/
Pages/fi shadvisories.aspx]. 

The following are the conclusions and recommendations from CDPH’s Health Consultation 
Letter to USEPA [CDPH 2015]. To request the full report, email Russell.Bartlett@cdph.ca.gov 

• Overall: The concentration of mercury (methylmercury) detected in fillet samples of
smallmouth bass, crappie, and bluegill collected from the Applegate Reservoir are at
levels that could potentially cause adverse health effects depending on the amount of
fish consumed. Potential exposure to chromium (VI) could not be determined, but the
serving amounts protective for mercury (methylmercury) exposure provided in this
document are likely protective from potential exposure to chromium (VI). All other
metals and nutrients detected are not at concentrations that could present harmful
health effects when consumed.

• Smallmouth bass: Children age 2 to 6 years who consume smallmouth bass could be at
risk of adverse health effects. Children aged 6 to at least 21 years and adult women of
childbearing age (including pregnant women and nursing mothers) consuming more
than one serving per month could be at risk of adverse health effects. Adult men and
adult women beyond childbearing age (>45 years of age) consuming more than one
serving of smallmouth bass per week could be at risk of adverse health effects.

• Crappie and bluegill: Children age 2 to 6 years who consume more than two servings of
per month could be at risk of adverse health effects associated with mercury. Children
age 6 to at least 21 and adult women of childbearing age (including pregnant women
and nursing mothers) who consume more than one serving per week are at risk of
adverse health effects. Adult men and women beyond child-bearing age (>45 years of
age) who consume three servings per week are not at risk of adverse health effects.

Based on the above conclusions, CDPH recommends for the residents of the Joe Bar 
community: 

• Children age 2 to 6:

o not to consume smallmouth bass
o not to consume more than two servings of crappie or one servings of bluegill per

month

• Children age 6 to at least 21:

o not to consume more than one serving of smallmouth bass per month
o not to consume more than one serving of crappie or bluegill per week

• Adult women of child-bearing age and pregnant women and nursing mothers:

o not to consume more than two servings of smallmouth bass per month
o not to consume more than one serving of crappie or bluegill per week.

https://www.oregon.gov/OHA/PH/HealthyEnvironments/Recreation/FishConsumption/Pages/fishadvisories.aspx
https://www.oregon.gov/OHA/PH/HealthyEnvironments/Recreation/FishConsumption/Pages/fishadvisories.aspx
mailto:Russell.Bartlett@cdph.ca.gov
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• Adult men and women beyond childbearing age: 
o not to consume more than one serving of smallmouth bass per week 
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