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This report was supported in part by funding through a cooperative agreement 
with the Agency for Toxic Substances and Disease Registry (ATSDR), US 
Department of Health and Human Services. It was completed in accordance with 
approved methodologies and procedures existing at the time the Public Health 
Assessment was initiated. Editorial review was completed by the cooperative 
agreement partner. 

The Oregon Health Authority (OHA), in cooperation with state and federal 
partners, prepared this Public Health Assessment (PHA). ATSDR and its Oregon 
cooperative agreement partner, OHA’s Environmental Health Assessment 
Program (EHAP), conducts Public Health Assessments to evaluate environmental 
data and community concerns. A PHA reviews available information about 
hazardous substances at a site and evaluates whether exposure to them might 
cause harm to people.

Foreword



3Public Health Assessment: Precision Castparts Corporation (PCC) | Table of contents

Table of contents

	» List of tables and figures.................................................................................. 4

	» Executive summary.......................................................................................... 6

	» Abbreviations and acronyms............................................................................ 9

	» Purpose.......................................................................................................... 11

	» Background.................................................................................................... 12

	» Exposure and health analysis......................................................................... 19

	» Data sources............................................................................................. 19

	» Exposure pathways................................................................................... 23

	» Screening: Identifying contaminants of concern......................................... 27

	» Health effects evaluation........................................................................... 42

	» Uncertainties and data gaps...................................................................... 53

	» Health outcome data...................................................................................... 56

	» Children’s health............................................................................................. 57

	» Conclusions.................................................................................................... 58

	» Recommendations.......................................................................................... 60

	» Public health action plan................................................................................ 61

	» Endnotes........................................................................................................ 65

	» Appendix A. Area maps.................................................................................. 71

	» Appendix B. DEQ monitoring locations........................................................... 75

	» Appendix C. Results of 2013 moss sampling near the Large Parts Campus.. 77

	» Appendix D. Community involvement in the PHA........................................... 79

	» Appendix E. Comparison values and contaminant screening......................... 85

	» Appendix F. Contaminants of concern and health guideline values used....... 96

	» Appendix G. Dose and risk calculations....................................................... 102

	» Appendix H. Glossary................................................................................... 133

	» Appendix I. Public Comments and EHAP Responses.................................... 137



4 List of tables and figures | Public Health Assessment: Precision Castparts Corporation (PCC)

List of tables and figures

	» Figure 1. Area map of the PCC Large Parts Campus and its surroundings.............................................13

	» Figure 2 (A) Total estimated air emissions (stack and fugitive emissions of all chemicals)  
reported to TRI by PCC Structurals for all chemicals (A) and for selected metals (B) over time...............21

	» Figure 2 (B) Total estimated air emissions (stack and fugitive emissions of all chemicals)  
reported to TRI by PCC Structurals for all chemicals (A) and for selected metals (B) over time...............22

	» Table 1. Completed exposure pathways................................................................................................23

	» Table 2. Potential exposure pathways...................................................................................................25

	» Table 3. Eliminated exposure pathways................................................................................................26

	» Table 4. Air concentrations prior to HEPA filter installation  
(measured by DEQ March 30–May 16, 2016).......................................................................................30

	» Table 5. Air concentrations after HEPA filter installation  
(measured by DEQ; June 1, 2016–December 9, 2017A)........................................................................31

	» Table 6. Air concentrations reported by PCC Structurals air monitoring  
that was conducted from October 2017 to October 2018......................................................................34

	» Table 7. Soil concentrations (measured by DEQ in June 2016)...............................................................35

	» Table 8. Chemical concentrations in Johnson Creek surface water  
(measured by Landau Associates 2009–2013).....................................................................................37

	» Table 9. Chemical concentrations detected in Johnson Creek sediment  
(discrete samples measured by Landau Associates 2009–2015)..........................................................38

	» Table 10. Chemical concentrations detected in Johnson Creek sediment  
(incremental samples measured by Landau Associates in 2017)...........................................................39

	» Table 11. Chemical concentrations detected in Johnson Creek sediment  
(collected by DEQ in 2016)...................................................................................................................41

	» Table 12. Chemical concentrations measured in crayfish collected in Johnson Creek  
(collected by DEQ in 2016; analyzed in 2017).......................................................................................42

	» Table 13. Exposure scenarios evaluated in health risk calculations  
(for each complete exposure pathway containing COCs).......................................................................43

	» Table 14. Exposure scenarios for which there is insufficient information to calculate health risks..........43

	» Table 15. Chronic risks calculated for each air monitoring location  
(before HEPA filters were installed)......................................................................................................47



5Public Health Assessment: Precision Castparts Corporation (PCC) | List of tables and figures

	» Table 16. Risks calculated for each air monitoring location (under current conditions)...........................49

	» Table 17. Cancer risk associated with contact with weekly year-round exposure to PCBs and  
PAHs at maximum concentrations detected in sediment.......................................................................50

	» Table 18. Estimated number of crayfish meals that are safe to eat each month  
based on potential metal and PCB exposures.......................................................................................52

	» Figure B1. Map of DEQ air monitoring locations (courtesy of DEQ). Locations of three metal  
particulate monitors are labeled MJC, PFH and PHD. MJF is the meteorological monitoring location. 
Monitoring details available in the sampling and analysis plan..............................................................75

	» Figure B2. Map of supplemental monitoring locations performed by Portland State University and  
PCC Structurals. PSU conducted monitoring in four residential areas, while PCC Structurals  
measured air concentrations in an area just south of their facility.........................................................76

	» Figure B3. Map of DEQ soil sampling locations (courtesy of DEQ). Details of sampling and analysis 
methods available in the soil sampling report.......................................................................................76

	» Figure C1. Map of approximate US Forest Service moss sampling locations..........................................77

	» Table C1. Percent rank of moss concentrations for selected metals detected near the Large Parts Campus 
in comparison with concentrations at all other Portland moss sampling locations. Percent ranks closer  
to 100 indicate higher concentrations relative to moss tested in 2013 at other locations in Portland..........78



6 Executive summary | Public Health Assessment: Precision Castparts Corporation (PCC)

Executive summary

Introduction 
Through a cooperative agreement with the Agency for Toxic Substances and Disease 
Registry (ATSDR), the Oregon Health Authority Environmental Health Assessment 
Program’s (EHAP) priority is to ensure that the community around a site with potential 
environmental exposures has the best information possible to protect its health.

In 2015, the United States Forest Service (USFS) analyzed moss samples collected 
around the city of Portland for concentrations of heavy metals. USFS found the highest 
concentrations of nickel in moss samples collected near the Precision Castparts Large 
Parts Campus at 4600 SE Harney Drive in Portland, Oregon.

Precision Castparts Corporation (PCC) is a large manufacturer of precision metal castings 
(known as “investment castings”), forged products and airframe parts based in Portland. 
PCC is in a mixed commercial, industrial and residential area. It sits on the border of 
Multnomah and Clackamas counties. The Oregon Department of Environmental Quality 
collected data on levels of metals and other contaminants in air, water, soil, sediment and 
crayfish tissue in the area around PCC.

A community group asked EHAP to perform this public health assessment (PHA) to 
evaluate the potential public health risks of contaminants detected near PCC. A PHA 
reviews available information about hazardous substances at a site and evaluates whether 
exposure to them might cause harm to people. PHAs do not determine whether specific 
environmental exposures caused existing health issues in people.

Limitations of the PHA include the lack of historical sampling data, uncertainties 
around how well the available monitoring data represent typical ongoing exposures, the 
inability to differentiate between PCC emissions and emissions from other sources, and 
uncertainties about potential effects on sensitive populations.
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Conclusions
Based on currently available science, monitoring data and guidance from federal agencies, 
EHAP reached six conclusions about the Precisions Castparts site:

Conclusion 1 
Measured concentrations of metals in air near the Large Parts Campus are not 
likely to harm health. 

Cumulative exposure to all metals detected in the air around PCC may be predicted 
to elevate lifetime cancer risk by as many as 20 additional cases of cancer per 1 million 
people exposed continuously for a lifetime. EHAP considers this to be very low risk. The 
estimated cancer risk is similar for current conditions and for conditions prior to HEPA 
filter installation. These risk calculations are based on the cautious assumption that nickel 
detected in air monitoring is in its most toxic form. It is likely that nickel emissions from PCC 
are in an alloy form that may be less available to the body and, therefore, less carcinogenic.

Conclusion 2
Measured concentrations of metals in soil from areas around the Large Parts 
Campus are not likely to harm health. 

DEQ sampled soil near the facility, including locations near residences and in community 
gardens. No soil concentrations exceeded comparison values.

Conclusion 3
Measured concentrations of chemicals in surface water of Johnson Creek are not 
likely to harm health. 

The levels of chemicals detected in surface water are below health-based comparison 
values designed to be protective of drinking water. TCE was detected at a level slightly 
above the cancer CV in one sample in 2009 but was not detected in subsequent samples. 
Johnson Creek, like many urban streams, has had high levels of bacteria that can make 
people sick. While bacteria in Johnson Creek is not a focus of this PHA and is not believed 
to be related to PCC Structurals, it has the potential to affect public health. 
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Conclusion 4
Measured concentrations of PCBs and PAHs in Johnson Creek’s sediment near 
the storm water outfall are not likely to harm the health of people who regularly 
come in contact with it. 

Weekly year-round exposure to sediment is not high enough to harm health. While 
extremely frequent (daily year-round) contact with Johnson Creek sediment could result 
in a slight increased risk of both non-cancer and cancer health effects, the likelihood of 
this degree of contact is quite low. Risk calculations were based on cumulative exposure to 
maximum concentrations of all PCBs, PAHs and metals of potential concern detected in 
the creek. Each exposure was assumed to involve full contact of hands, forearms, feet and 
lower legs with sediment. The biggest health risk from this degree of contact with the creek 
is the potential for bacterial infections.

Conclusion 5
Residents may safely eat crayfish from Johnson Creek in moderation.

Based on cumulative risk from metals and PCBs, residents can eat up to five meals 
of Johnson Creek crayfish each month without exceeding health-protective exposure 
guidelines. 

Conclusion 6 
There is insufficient information about historical air emissions of metals and 
solvents at the Large Parts Campus to calculate past health risks. 

No historical monitoring data are available to support a quantitative evaluation of 
potential health effects of previous exposures. Based on historical trends in emissions 
reported by PCC Structurals to EPA’s Toxic Release Inventory, we cannot rule out the 
possibility that past air concentrations could have been high enough to harm health. 
Emissions reported to TRI since 1987 indicate that emissions of some chemicals may have 
been 10 and 100 times higher than current emissions during some periods of PCC’s past 
operations. Historical emissions of trichloroethylene and tetrachloroethylene would have 
also contributed to past risks of cancer and developmental defects.

For more information
If you have questions about this report, you can contact EHAP by calling 971-673-0977 or 
toll free 1-877-290-6767 or by emailing ehap.info@state.or.us.

mailto:ehap.info@state.or.us
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As	 arsenic

ATSDR*	 Agency for Toxic Substances and Disease Registry

BW	 body weight

CAC	 community advisory committee

Cd	 cadmium

CDC 	 Centers for Disease Control and Prevention

COC	 contaminant of concern

Cr	 chromium

Cr6+	 hexavalent chromium

CREG	 cancer risk guide

CSF	 cancer slope factor

CTE	 central tendency exposure

CV*	 comparison value

DEQ	 Oregon Department of Environmental Quality

ED	 exposure duration

EHAP	 Oregon Environmental Health Assessment Program

EJ	 environmental justice 

EMEG*	 environmental media evaluation guide

EPA*	 US Environmental Protection Agency

CALEPA	 California Environmental Protection Agency

HEPA	 high-efficiency particulate air

HQ	 hazard quotient

HVOC	 halogenated volatile organic compound

IARC	 International Agency for Research on Cancer

IR*	 ingestion rate

IRIS	 Integrated Risk Information System

IUR	 inhalation unit risk

* Abbreviations with an asterisk are defined in the glossary (Appendix H).

Abbreviations and acronyms
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LOAEL	 lowest observed adverse effect level

MCL	 maximum contaminant level

mg/kg*	 milligrams per kilogram	

MRL	 minimal risk level

Ni	 nickel

ND	 not detected

ng/m3	 nanograms per cubic meter

NOAEL*	 no observed adverse effect level

NPDES	 National Pollutant Discharge Elimination System

OHA	 Oregon Health Authority

OSHA	 Occupational Safety and Health Administration

PAHs	 polycyclic aromatic hydrocarbons

PCBs	 polychlorinated biphenyls

PCC	 Precision Castparts Corp.

PCE	 perchloroethylene

PHA*	 public health assessment 

ppb	 parts-per-billion

ppm	 parts-per-million

REL	 recommended exposure level

RfC	 reference concentration

RfD*	 reference dose 

RME	 reasonable maximum exposure

RSL	 regional screening level

SPAQ	 South Portland Air Quality

TCE	 trichloroethylene

TRI	 Toxics Release Inventory

UCL	 upper confidence limit

USFS	 United States Forest Service

µg/L	 microgram per liter

VOC	 volatile organic compound

* Abbreviations with an asterisk are defined in the glossary (Appendix H).
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This public health assessment (PHA) was prepared in response to a request by a 
neighborhood advocacy group, the South Portland Air Quality (SPAQ), on June 3, 
2016. This PHA addresses the potential public health effects of contaminants detected 
around the Precision Castparts Corp. Large Parts Campus straddling the border 
between Portland, Oregon, and Milwaukie, Oregon, in Multnomah and Clackamas 
counties, respectively. The assessment was informed by input from a community advisory 
committee and focuses on the potential health effects for residents of the nearby Portland 
neighborhoods of Brentwood-Darlington, Woodstock and Eastmoreland, and the 
Milwaukie neighborhoods of Lewelling and Ardenwald.

Differences from Public Comment Version
This PHA was released for public comment on October 27, 2018, through April 15, 2019. All 
public comments and EHAP’s responses are included in Appendix I of this document. Most 
of the changes reflected in this final version of the PHA result from including data from 
monitoring activities that were not available to EHAP when preparing the public comment 
draft. Specifically, EHAP has updated the PHA to reflect the following data:

•	Additional DEQ data. The public comment version of the PHA included data 
from the Oregon Department of Environmental Quality (DEQ) monitor located at 
SE Harney and 45th for the period May, 2016 through January, 2017. This version of 
the PHA includes additional data from this monitor for the period February through 
December 2017. 

•	Portland State University data. Portland State University’s (PSU) Sustainable 
Atmospheres Research (STAR) Laboratory sampled air in four locations in the 
neighborhood near PCC Structurals. 

•	PCC Structurals data. PCC Structurals hired a consultant, CH2M (now Jacobs) to 
conduct monitoring near the large parts campus between October 2017 and October 2018.

EHAP evaluated the PSU and PCC Structurals data to see how concentrations differed in 
areas in addition to where DEQ monitoring was conducted. EHAP also made some minor 
changes to the text to correct typographical errors or use alternate terminology to improve 
clarity. EHAP will make available on its website a version of the final PHA with differences 
from the public comment version highlighted to help readers see the changes we made. 

Purpose
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Site description
Precision Castparts Corporation (PCC) Structurals, Inc. is a large manufacturer of 
precision metal castings (known as “investment castings”), forged products and airframe 
parts based in Portland, Oregon. It ranked 282 on the Fortune 500 list in 2016 (1) and 
has 162 plants worldwide with multiple manufacturing locations in Oregon (2). PCC 
Structurals is a subsidiary of Berkshire Hathaway (3). 

The focus of this public health assessment (PHA) is the PCC Structurals Large Parts 
campus located at 4600 SE Harney Drive in Portland, Oregon. The Large Parts campus 
is PCC Structurals’ original manufacturing site. At this location, PCC Structurals uses 
investment casting to manufacture parts for a wide range of applications, including 
aircraft engines, airframes, gas turbines, military armaments and medical devices. The 
campus houses a stainless-steel casting foundry that uses nickel and cobalt-based alloys 
and a titanium casting foundry that uses titanium alloys. 

The Large Parts Campus is in a mixed commercial, industrial and residential area (Figure 
1). It sits on the border of Multnomah and Clackamas counties, with addresses of different 
buildings on site in both counties. Several small businesses and industrial sites, private 
residences, Errol Heights City Park, the multi-use Springwater Corridor trail and Johnson 
Creek surround the facility. All storm water that falls on the Large Parts Campus is 
collected in the onsite conveyance system and is treated by a storm water treatment facility 
that PCC installed in 2016. The treated storm water discharges to a city storm water pipe 
that drains into a U-shaped bend in Johnson Creek, northwest of the facility. The Large 
Parts Campus is also near Milwaukie’s drinking water aquifer. 

PCC Structurals began operation at this site in 1957, operating in what is now referred 
to the “Titanium Building.” In 1983, PCC Structurals acquired what is referred to the 
“Portland Building” – prior to that, this building served as manufacturing space for 
several other companies. The Titanium Building was originally constructed in 1950 for 
the Oregon Saw Chain Corporation (the original parent company of PCC Structurals). 
In the 1970s the building was used by Code-A-Phone, an electronic communications 
equipment manufacturer (4).

Background
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Figure 1. Area map of the PCC Large Parts Campus and its surroundings
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Environmental permits at the Large Parts Campus
The Large Parts Campus operates under several environmental permits that limit emissions 
allowed from the facility. An Air Contaminant Discharge Permit (ACDP) (5) administered 
by Oregon Department of Environmental Quality (DEQ) sets the Large Parts Campus’s 
allowable air emissions rates. A National Pollutant Discharge Elimination System (NPDES) 
permit for storm water discharge, administered by Portland, regulates how the facility 
directs storm water that falls on facility grounds. As a hazardous waste generator, the Large 
Parts Campus is also subject to inspections from the Environmental Protection Agency 
(EPA) and DEQ for hazardous waste treatment, storage and disposal. The DEQ website 
provides a history of permitting, inspections, penalties and cleanup activities (6). Worker 
health and safety at the facility is regulated by the federal Occupational Safety and Health 
Administration (OSHA) in coordination with Oregon OSHA. Records of state and federal 
OSHA activity at the Large Parts Campus are available online (7).

The ACDP for the Large Parts Campus sets a limit on emissions allowed from the facility. 
The permit requires PCC Structurals to report estimates of certain air emissions and 
perform emissions monitoring. Under this permit, PCC Structurals reports air emissions of 
hazardous air pollutants (including but not limited to nickel, chromium, cobalt, hydrogen 
chloride, hydrogen fluoride, hexane, lead and manganese) emitted during each 12-month 
period. As of DEQ’s review in 2016, the Large Parts Campus was operating in compliance 
with the conditions of its permit. However, the most recent EPA National Air Toxics 
Assessment identified the Large Parts Campus among the facilities in the Portland region 
with the highest potential to contribute to cancer risk through its air emissions (8). As of the 
date of this PHA, DEQ is actively working to review the ACDP for the Large Parts Campus. 

Several additional contaminants — including perchloroethylene (PCE), trichloroethylene 
(TCE), polychlorinated biphenyls (PCBs) and trace levels of radioactive thorium (9) — were 
used at the site historically but have since been phased out. While PCC Structurals no longer 
reports use of these chemicals, some have remained in the surrounding environment. Recent 
monitoring (2009–2015) detected TCE and PCE in groundwater beneath the site and PCBs 
in solids accumulated in storm water catch basins on site and in Johnson Creek sediment. 
DEQ’s cleanup program initially included thorium, a naturally occurring radioactive 
substance, among chemicals included in monitoring at the site. Analyses for thorium were 
discontinued after determining the environmental levels were consistent with naturally 
occurring background levels. Thorium on site remains regulated by the Oregon Health 
Authority, under Radioactive Material License No. ORE-90354 (currently Amendment 54, 
with expiration date April 30, 2022). The license is for natural thorium and is for “possession 
only of residual contamination in, on, and under facilities, equipment, and surfaces.” 
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Cleanup activities at the Large Parts Campus
In 2008, PCC Structurals entered into a voluntary cleanup agreement with DEQ (10). 
Under this agreement they completed extensive soil, storm water, Johnson Creek sediment 
and groundwater monitoring at and around the Large Parts Campus. PCC Structurals 
recently took several steps to reduce pollution from the facility. In May 2016, they added high 
efficiency particulate air (HEPA) filters to control air emissions from several emissions stacks 
and installed a new storm water filtration system to remove metals and PCBs from storm 
water. In addition, they cleaned both the onsite storm water conveyance system and the city 
storm water lines to the discharge point at Johnson Creek to remove any remaining chemicals 
that might contribute to ongoing contamination. During 2018, PCC Structurals undertook 
soil removal actions and operational facility upgrades and maintenance at the Large Parts 
Campus to help reduce and control potential pollutant discharges to the onsite storm water 
conveyance system. DEQ expects to complete its overall site investigation documentation in 
2020. The site investigation documentation will comprehensively describe conditions on site 
and next steps to complete DEQ’s regulatory oversight of cleanup activities.

Air toxics concerns in Portland 
Some of the recent interest in metal emissions from the Large Parts Campus originated from 
broader agency efforts to better characterize air pollution sources throughout Portland. In 
2009, DEQ developed an air pollution model to predict concentrations of air pollutants 
at different locations around the city (11). DEQ based the model on several sources of 
data, including air emissions reported by permitted industrial facilities. DEQ performed 
air monitoring to evaluate the model. While the model performed well in predicting 
concentrations of many air pollutants, it underestimated cadmium concentrations. This 
inconsistency between modeled concentrations and measured air concentrations indicated 
there were unidentified sources of cadmium emissions in the Portland metropolitan area. 

To locate unidentified sources of air toxics in Portland, the US Forest Service (USFS) and 
DEQ collaborated in an experimental effort to measure heavy metals in tree moss samples 
collected throughout the city (12). Moss growing in trees is thought to be a promising 
indicator of potential air pollution because without contact with soil, contact with air 
contaminants is the only source of moss exposure to pollution. The moss study identified 
several locations where metal concentrations in moss were elevated relative to the other 
locations in Portland (13) (14). These moss study results identified previously unregulated 
sources of air toxics and ultimately led the Governor to initiate an overhaul of Oregon’s 
industrial air toxics rules (15).

The moss study results brought public attention to elevated concentrations of several metals, 
including nickel, cobalt, chromium and arsenic in moss samples collected from neighborhoods 
around the Large Parts Campus. In response, DEQ performed air monitoring (16) to better 
characterize air pollution around the facility. The study also raised community concerns 
about potential for metals from air emissions to deposit in soil in nearby neighborhoods’ soil. 
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DEQ performed extensive soil sampling to evaluate metal concentrations in soil near the 
Large Parts Campus (17). 

History of community concerns
Community members raised concerns about air emissions at the Large Parts Campus prior 
to 2016. In 2011 a power failure at the campus resulted in the release of a large orange plume 
of nitrogen oxide from the facility. In response to this emergency, the fire department advised 
neighbors within a half mile of the facility to stay indoors. Local schools were cancelled for a 
day to avoid exposure. While PCC Structurals has taken steps to avoid similar events in the 
future, the incident contributed to community concerns around the safety of operations at the 
Large Parts Campus. In 2013, The Oregonian reported that the Large Parts Campus topped 
a “Toxic 100 Air Polluters Index” produced by the University of Massachusetts (18), prompting 
neighborhood association and other community calls for the company to move or reduce 
emissions. After the early 2016 revelations about metals in moss near the Large Parts Campus, 
in July 2016, six residents of SE Portland filed two separate class-action lawsuits against PCC 
Structurals, stating that toxic air emissions from the Large Parts Campus have harmed their 
health and affected property values. A new neighborhood advocacy group that formed in 2016, 
the South Portland Air Quality Group (SPAQ), has focused on air quality concerns related 
to the facility. Community meetings on the Large Parts campus were well attended by SPAQ 
members, PCC Structurals workers, residents, neighbors, gardeners, parents and Springwater 
Corridor path users. They all voiced concerns about short-term and long-term health effects 
of facility emissions to air, land and water. In June 2016 SPAQ asked OHA to prepare a public 
health assessment of Large Parts Campus emissions.

Potentially affected communities
Residences. The Large Parts Campus is located near several residential neighborhoods, 
including Brentwood-Darlington, Woodstock and Eastmoreland in Portland (Multnomah 
County), and Lewelling and Ardenwald in Milwaukie (Clackamas County). The 2010 census 
reported 2,144 homes and 5,167 residents within half a mile of the PCC campus (Appendix A). 

Small businesses. Immediately neighboring the Large Parts Campus are several small 
businesses. These firms’ employees breathe air near the facility throughout the work day. 
Businesses at the corner of S.E. 45th Avenue and S.E. Harney Drive include a maid service, 
an equipment rental supplier, restaurants, a carwash, a bakery outlet and a coffee shop with 
a walk-up window. 

Recreation. There are several recreational sites neighboring the Large Parts Campus where 
people may be exposed to any contaminants present in air, water or soil. 

•	Errol Heights City Park is north of the facility across Harney Drive. (Figure 1). The park is 
more than 14 acres and contains unpaved walking paths. The Errol Heights Community 
Garden at the north end of the park holds 28 garden plots (19). Park users may be exposed 
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to air emissions near PCC Structurals. Ongoing restoration and park improvement 
efforts (20) may put workers and volunteers in direct contact with soil in the park and 
sediment in Errol Creek and associated wetlands. In December 2016, the Portland Parks 
commissioner announced $5.3 million of funding to support additional park improvement 
efforts (21) that may temporarily result in additional work crew exposure to local air and 
soil, and potentially increased park use subsequent to construction. 

•	 Johnson Creek flows along the southern border of the facility (Figure 1). An oxbow in the 
creek winds northwest of the facility and is the location of the city storm water outfall that 
releases storm water from the Large Parts Campus. Residents report wading, swimming 
and collecting crayfish in various spots along the creek. This oxbow is the subject of 
substantial habitat restoration and erosion control work completed by Portland, which 
owns the property, during July and August 2018. This work changed the sediment, gravel 
and cobble surface of the stream bed and add woody debris to the stream to reduce winter 
water velocities and provide improved fish habitat. A consortium of state and federal 
agencies with jurisdiction, in consultation with DEQ, required and approved the city 
work. 

•	The Springwater Corridor Trail is a multi-use trail that runs along the southern border 
of the Large Parts Campus (Figure 1). Residents and visitors who frequently bicycle, walk 
and run along the trail may have higher exposure to air emissions as they breathe more 
heavily during exercise.

Schools and child care facilities. There are no schools immediately neighboring the 
Large Parts Campus. One daycare is located just under half a mile away from the facility. 
There are five other childcare facilities and six schools within one mile of the facility 
(Appendix A). Small, informal childcare operations, not registered as business operations, 
may also be present. Depending on the distance traveled by emissions from the Large Parts 
Campus, children attending these schools and daycares may have some exposure. 

Demographics
The communities neighboring the Large Parts Campus are similar to many communities 
in Oregon in terms of racial, ethnic and economic makeup. The 2010 census counted 5,167 
people living within a half mile of the facility. Among those, 87% were white. The Hispanic 
or Latino population more than doubled between 2000 and 2010 and makes up 7.8% of the 
total population. The median household income ($55,284) is roughly the same as the median 
income across Portland as a whole ($55,003).
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Environmental justice
Low-income communities and communities of color often face disproportionately high levels 
of exposure to pollution where they live and work (22). These same communities may also 
be more susceptible to the health effects of environmental exposures (23) (24) due to social 
stressors, lack of access to health care, nutritional factors and other conditions in which 
people are born, grow, live, work and age (25). Limited time and resources and language 
barriers prevent some communities from becoming meaningfully involved in environmental 
decisions. To highlight potential environmental justice concerns, EHAP identifies groups 
that may be more exposed or more susceptible to disease, or face barriers to participation in 
public decision-making processes.

There are some groups and individuals in the community around the Large Parts Campus 
who may be sensitive to the health effects of pollution due to economic and psychosocial 
factors (e.g., stress), age and pre-existing health conditions such as asthma. Data from EPA’s 
EJScreen tool (26) indicate people living within a half-mile of the facility have a greater risk 
of exposure to various environmental risk factors (e.g., exposure to fine particulate matter 
and ozone) when compared to the state average. Data from the American Community 
Survey also show a slightly higher than average percentage of children under 5 (7%), and 
adults 65 years and older (14%) residing in the surrounding neighborhood, compared to the 
Portland Metro Area. Other environmental justice demographic indicator values are below 
Portland metro area and state averages.
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Exposure and health analysis

Data sources
This section describes the data EHAP considered in evaluating whether people’s health 
may be harmed by chemical contaminants detected around the Large Parts Campus. All 
environmental sampling data used for health effects evaluation in this PHA were obtained 
using EPA-approved methods and technology by certified professionals and technicians. 
Some supporting data described below helped define the extent of potential contamination 
and provide additional context but could not be used for quantifying potential health effects. 

Data used for health effects evaluation
Air monitoring (performed by DEQ)

DEQ performed air monitoring at three locations (Appendix B) surrounding the Large Parts 
Campus. All three monitoring stations began sampling in late March or early April 2016. 
Two of these air monitoring stations ran through October 2016, measuring heavy metal 
concentrations at 24-hour intervals. The third station at SE 45th Ave and Harney operated 
through December 9, 2017 (27). This monitoring effort captured one month of data prior to 
PCC Structurals’ installation of additional pollution controls at the facility and more than 20 
months of data under post-pollutant control conditions. All three monitors measured heavy 
metal concentrations at 24-hour intervals through October 2016. 

The monitor at SE 45th Ave and Harney operated beyond October 2016, taking samples 
every third day through May 2017, and every sixth day from June through December 
2017 (see Appendix B). The public comment draft of this PHA, issued October 2018, only 
included the first eight months of data from this monitor. For this final PHA, EHAP 
included in the analysis all the data from this monitor.

In addition to metals, this third monitor measured volatile organic compounds (VOCs), 
polycyclic aromatic hydrocarbons (PAHs) and other air toxics (16). A nearby meteorological 
station collected data on wind speed and direction throughout the monitoring period. 

Supplemental air monitoring (performed by third parties)

In addition to air monitoring performed by Oregon DEQ, other entities conducted air 
monitoring in the area of southeast Portland near the PCC Large Parts Campus. 

EHAP obtained data from two sources: Portland State University (PSU) researchers and 
an environmental consulting firm hired by PCC Structurals (CH2M, now called Jacobs). 
PSU conducted air sampling in four residential neighborhood areas near the Large Parts 
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Campus from April through July 2017. CH2M/Jacobs conducted sampling on the Large 
Parts Campus property from October 2017 through October 2018. Both PSU and PCC 
monitoring efforts captured air quality data after installation of additional pollution controls 
at the Large Parts Campus. Both monitoring efforts took samples every third day. EHAP has 
reviewed these data and compared them to DEQ data. The purpose of analyzing additional 
data was to ascertain levels of metals in the air in areas other than the three locations that 
were examined by DEQ.

Soil monitoring (performed by DEQ)

In June 2016, DEQ tested soil for metals at several locations within one mile of the Large 
Parts Campus (17). DEQ used incremental sampling methods in which multiple samples 
were analyzed from a single site. This approach ensures that results accurately reflect 
average concentrations at sites of interest. 

Johnson Creek sediment and surface water monitoring (performed by Landau 
Associates on behalf of PCC)

Since 2009, Landau Associates has monitored Johnson Creek surface water and Johnson 
Creek sediment samples both upstream and downstream of the city storm water outfall used 
by the Large Parts Campus. Between 2009 and 2015, Landau Associates collected individual 
samples at numerous locations in the oxbow portion of Johnson Creek. During this time, 
surface water and sediment monitoring collected data on a diverse range of chemicals, 
including metals, PCBs, PAHs and VOCs. In 2017, additional sampling was performed 
using an incremental sampling method in which numerous samples taken from an area are 
combined to determine average concentrations of metals and PCBs in sediment in that area.

Johnson Creek sediment and crayfish monitoring (performed by DEQ)

As part of its statewide toxics monitoring program in 2016, DEQ tested sediment in Johnson 
Creek both upstream and downstream from the city storm water outfall used by the Large 
Parts Campus. A composite sediment sample, in which multiple sediment samples were 
combined for analysis, was tested for metals and PCBs. In addition, a composite sample of 
eight crayfish collected downstream of the storm water outfall was tested for metals (28). 

Supporting data (these data are referenced, but not used as the basis for 
any risk calculations)
Air emissions reported to the Toxics Release Inventory (submitted by PCC to EPA)

PCC Structurals has reported its estimated annual air emissions to EPA’s Toxics Release 
Inventory (TRI) annually since the program began in 1987 (29). The historical emissions 
trends captured in TRI provide qualitative information about potential historical exposures. 
Large Parts Campus emissions reported to TRI indicate that overall air emissions have 
decreased substantially since 1987 (Figure 2A). In 2015, PCC Structurals reported air 
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emissions of aluminum, chromium, cobalt, copper, hydrogen fluoride, nickel and nitric 
acid. Total reported air releases of nickel, chromium and cobalt compounds have decreased 
substantially over time (Figure 2B). Trichloroethylene and tetrachloroethylene air emissions 
were reported historically but were phased out in the early 1990s. 

There is uncertainty around emissions reported to TRI. Emissions are estimated based on 
chemical use and are not confirmed by monitoring data. The methods used to estimate 
emissions have not been consistent across time, so some changes in emissions reported to 
TRI simply reflect changes in record keeping. Furthermore, there may be incentive to 
overestimate reported emissions when those reported emissions are also used to determine 
emissions limits enforced in permits. Because of these uncertainties, data must be interpreted 
with caution. TRI data were not used as the basis for risk calculations in this PHA. 
Additional discussion of appropriate interpretation of TRI data is available on the EPA 
website (30).

Metals detected in moss (performed by USFS in collaboration with DEQ)

In 2013, USFS measured concentrations of heavy metals in moss collected throughout 
Portland. In 2015, they shared the results of the 2013 sampling with DEQ (12). There were 
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Figure 2 (A) Total estimated air emissions (stack and fugitive emissions of all chemicals) 
reported to TRI by PCC Structurals for all chemicals (A) and for selected metals (B) over time.
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no sampling locations neighboring the Large Parts Campus, but moss sampling sites closest 
to the facility had nickel concentrations that were higher relative to moss tested at other 
locations in Portland. (Appendix C). While moss data were useful in identifying areas in 
need of further air monitoring, the relationship between metal concentrations detected in 
moss and concentrations detected in air is not understood. Moss data provided an indication 
of elevated air concentrations but required confirmation from air monitoring. 

PCC storm water (performed by both Landau Associates and the city of Portland)

Landau Associates, Inc. as well as the city of Portland have directly monitored storm water 
from the city storm water pipe used by the Large Parts Campus. Past storm water data 
provide evidence that PCBs may have entered the creek from the storm water outf low. 
Since installation of its new storm water treatment system, PCC Structurals has analyzed 
storm water samples collected from the facility after treatment but prior to entering the 
city pipes. According to results submitted by PCC Structurals to the City of Portland, 
under the DEQ issued National Pollution Discharge Elimination (NPDES) permit, no 
PCBs or PAHs were present at detectable levels in treated storm water samples in 2016 
or 2017. While storm water data provide some information about the extent to which 
storm water from the Large Parts Campus may have increased contamination in Johnson 
Creek, there is no direct human contact with the storm water itself. Johnson Creek surface 
water and sediment monitoring data are the focus in this PHA because they represent the 
potential points of human exposure. 

Figure 2 (B) Total estimated air emissions (stack and fugitive emissions of all chemicals) 
reported to TRI by PCC Structurals for all chemicals (A) and for selected metals (B) over time.
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Exposure pathways
For a chemical contaminant to harm human health, there must be a way for people to come 
into contact with the chemical. An “exposure pathway” describes how a chemical moves from 
its source and comes into physical contact with people. An exposure pathway has five elements:

•	A contaminant source or release

•	A way for the chemical to move through the environment to a place where people could 
come into contact with it

•	A place where people could contact the contaminant

•	A route of exposure to a contaminant (breathing it, swallowing it, absorbing it through 
skin, etc.)

•	A population that comes in contact with the contaminant

An exposure pathway is considered “completed” if all five of the elements are known to be in 
place and occurring. If one or more of the elements is unknown, then the exposure pathway 
is considered a “potential” pathway. If it is known that one of the five elements does not 
occur, that pathway is “eliminated.” 

With input from the community advisory committee, EHAP identified four complete 
exposure pathways (Table 1) and several potential and eliminated pathways (Table 2 and 
Table 3). In this PHA, we considered potential health effects of contact with chemicals 
through completed and potential exposure pathways. Eliminated exposure pathways are 
not evaluated for health effects because no exposure is occurring. 

Table 1. Completed exposure pathways

Environ-
mental 
media

Contaminants 
measured

Potential 
source of 
exposure

Potential point of 
exposure

Exposure 
route

Potential
exposure 

population
Notes

COMPLETE EXPOSURE PATHWAYS

AIR Metals, 
historical VOC 
emissions 

Air releases 
from 
PCC and 
neighboring 
sources

Air at nearby 
households, 
workplaces, schools, 
daycare facilities, 
etc.

Breathing 
the air 

Adults and 
children living, 
working 
and going to 
school nearby

DEQ air monitoring at 
three locations around the 
facility captures one month 
prior to and > six months 
following installation of new 
pollution controls. There is 
no historical air monitoring 
data on emissions of metals 
and TCE. 
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SOIL Metals, PCBs, 
halogenated 
and non-
halogenated 
VOCs

Soil 
deposition of 
air emissions 
from the 
facility 
and direct 
releases to 
soil onsite

Soil in yards, 
residential and 
community gardens, 
nature parks (e.g., 
Errol Heights Nature 
Park), playgrounds, 
schoolyards, and 
construction sites 
and road paving sites 
near the PCC facility

Ingestion 
of soil and 
produce 
grown in 
soil, skin 
contact 
with soil, 
dust 
inhalation 

Adults and 
children living, 
playing and 
gardening 
nearby; 
outdoor work/ 
volunteer 
crews

DEQ has measured metals 
in soil offsite to determine 
how air emissions may 
have affected soil. PCC has 
monitored onsite soil for 
PCBs and VOCs to determine 
occupational risks of onsite 
exposures to excavation 
workers. Recently 
announced nature park 
restoration efforts raised 
concerns about exposures 
during the restoration and 
tree planting efforts.

SURFACE 
WATER 
(Johnson 
Creek near 
the storm 
water 
outflow)

Metals and 
solvents; 
solvents include 
PCE and TCE

Large Parts 
Campus 
storm water 
outflow 
and other 
upstream 
sources

Surface water from 
Johnson Creek 
downstream from 
storm water outfall

Ingestion 
of water 
and skin 
contact 
with water

Adults and 
children in 
contact with 
Johnson 
Creek for 
recreation and 
restoration 
efforts

Community members 
report that people come 
into contact with Johnson 
Creek water and sediment 
(wading, fishing, garden 
irrigation, etc.).

SEDIMENT 
(Johnson 
Creek)

PCBs, PAHs, 
metals

Large Parts 
Campus 
storm water 
run-off and 
storm water 
outfall into 
Johnson 
Creek. 
Runoff from 
streets to city 
conveyance

Sediment in creek, at 
or downstream from 
the PCC outfall, or 
places downstream 
(where sediment has 
been transported)

Ingestion of 
sediment 
and skin 
contact 
with 
sediment

Adults and 
children in 
contact with 
Johnson 
Creek for 
recreation and 
restoration 

Community members 
report that people come 
into contact with Johnson 
Creek water and sediment 
(wading, fishing, etc.).

CRAYFISH
(Johnson 
Creek) 

PCBs, metals Large Parts 
Campus 
storm water 
runoff and 
storm water 
outfall into 
Johnson 
Creek

Crayfish caught in 
Johnson Creek 

Ingestion of 
crayfish

Adults and 
children who 
eat fish from 
Johnson 
Creek 

Community members report 
that people eat crayfish 
caught in Johnson Creek.
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Table 2. Potential exposure pathways

Environ-
mental 
media

Contaminants 
measured

Potential 
source 

Potential point of 
exposure

Exposure 
route

Population Notes

POTENTIAL EXPOSURE PATHWAYS

Indoor air Metals Air releases 
from Large 
Parts 
Campus and 
neighboring 
sources that 
enter homes 
and nearby 
businesses

Air and dust inside 
nearby households, 
workplaces, schools, 
daycares, etc. 
(Indoor air has not 
been tested.)

Breathing 
the air and 
dust 

Adults and 
children living, 
working 
and going to 
school nearby

There is no monitoring data 
available for indoor air near 
the Large Parts Campus. 
We do not know the extent 
to which outdoor emissions 
travelled indoors. Risk 
calculations in this health 
assessment assume that 
people living nearby were 
exposed to concentrations 
measured outdoors 
continuously.

Air Metals Air releases 
from the 
Large Parts 
Campus and 
neighboring 
sources that 
enter homes 
and nearby 
businesses

Air at nearby 
households, 
workplaces, schools, 
daycare facilities, 
etc.

Skin 
contact 
with air 
and dust 
(Degree of 
exposure 
through 
skin is 
unknown.)

Adults and 
children living, 
working 
and going to 
school nearby

The degree of exposure to 
metals in air through skin is 
unknown and the potential 
health effects of exposure 
through skin are generally 
not well known. 

Soil Metals Soil 
deposition of 
air emissions 
from the 
facility 
and direct 
releases to 
soil onsite

Locally grown 
produce 
(Local produce 
has not been 
tested for metals 
contamination.)

Ingestion of 
produce

Adults and 
children who 
consume 
produce 
grown in soil 
surrounding 
the Large 
Parts Campus

There is no monitoring 
data available to determine 
the extent to which 
local produce may be 
contaminated. Though 
locally grown produce has 
not been directly tested for 
heavy metals, it is unlikely 
to be contaminated at 
levels of concern if soil 
concentrations are below 
health-based comparison 
values for soil.
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Table 3. Eliminated exposure pathways

Environ-
mental 
media

Contaminants 
measured

Potential 
source 

Potential point of 
exposure

Exposure 
route

Population Notes

ELIMINATED EXPOSURE PATHWAYS

AIR (vapor 
intrusion)

Halogenated 
VOCs, including 
TCE and PCE

Ground
water 
(migration to 
soil) or soil 
(migration 
from 
particles into 
soil gas)

Indoor air from soil 
gas migration into 
nearby household or 
other building (vapor 
intrusion)

Breathing 
the air 

Adults and 
children

DEQ continues to monitor 
potential for TCE and PCE 
vapor intrusion through 
remedial investigation 
as part of the voluntary 
cleanup agreement (10). 
While there is some 
uncertainty about the 
potential for migration 
of soil gas onsite to 
neighboring properties, 
DEQ has concluded that 
the solvent concentrations 
detected in monitoring wells 
are below levels that would 
indicate a concern for vapor 
intrusion offsite. 

Ground water TCE and PCE Residential 
wells and 
community 
aquifers 
(Milwaukie 
drinking 
water source)

Tap water (from well 
or community water 
source), vapors 
from a shower or 
hot water use (from 
well), indoor air 
(vapor intrusion) at 
nearby residence or 
other building

Ingestion, 
dermal 
contact and 
inhalation

Neighboring 
adults and 
children on 
private wells 
and Milwaukie 
residents

TCE has been detected 
in Large Parts Campus 
groundwater monitoring 
wells operated by PCC 
Structurals under the 
voluntary cleanup 
agreement with DEQ. 
DEQ has concluded that 
the plume is not currently 
at risk of contaminating 
nearby registered wells 
or drinking water. All 
neighboring residents are 
on public water systems, 
though it is conceivable that 
some residents also use 
unregistered wells that DEQ 
and OHA are not aware of 
existing. Milwaukie monitors 
treated drinking water 
annually for 300 chemicals, 
including TCE and PCE. It is 
in compliance with state and 
federal law (31).



27Public Health Assessment: Precision Castparts Corporation (PCC) | Exposure and health analysis

Screening: Identifying contaminants of concern
To identify contaminants of concern (COCs) that require further evaluation, maximum 
chemical concentrations detected in air, soil, water and sediment around the Large Parts 
Campus were evaluated against health-based comparison values (CVs). CVs are chemical 
concentrations in air, water or soil at which exposure is not expected to harm health. The 
Agency for Toxic Substances and Disease Registry (ATSDR) and other federal and state 
government agencies established CVs through a scientific peer-review process based on the 
health effects data available for each chemical as well as information about how frequently 
adults and children come in contact with air, water and soil. For each chemical, there are 
typically several different types of CVs that provide reference concentrations for cancer risk 
and non-cancer health risks. Reference concentrations also include long-term (chronic) and 
short-term (acute) exposures, for children and adults. To the extent possible with existing 
data, CVs are designed to be protective of sensitive health effects in susceptible individuals 
with frequent exposure. 

EHAP screens environmental monitoring data using CVs developed by several 
different agencies:

•	ATSDR cancer risk revaluation guides (CREG)

•	ATSDR environmental media evaluation guides (EMEG)

•	ATSDR reference dose media evaluation guides (RMEG)

•	ATSDR minimal risk levels (MRL)

•	EPA regional screening levels (RSL)

•	 California Environmental Protection Agency (CALEPA) reference exposure levels (REL) 

•	Oregon DEQ ambient benchmark concentrations (ABC) and action levels for  
drinking water

•	EPA maximum contaminant levels (MCL) and action levels for drinking water for 
drinking water

•	EPA National Ambient Air Quality Standards (NAAQS) 
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When more than one CV is available for a chemical, 
EHAP selects CVs according to ATSDR’s general 
hierarchy and best professional judgment (Appendix E). 
For this screening step, EHAP uses CVs intended to be 
health-protective of frequent long-term exposures for 
sensitive populations.

A chemical detected at concentrations above a CV 
does not necessarily mean harmful health effects will 
occur. Rather, it indicates the need for closer evaluation 
of potential risks. In this screening step, chemicals 
present at concentrations above comparison values are 
identified as COCs for further evaluation in the “Health 
effects evaluation” section of this PHA. Chemicals at 
concentrations below comparison values are not likely 
to cause health effects, and EHAP/ATSDR does not 
evaluate them further.

Chemicals detected at concentrations exceeding the selected CV were also compared to 
alternate CVs for short-term (acute) exposures and for other types of health risks (i.e., cancer 
vs. non-cancer risks) to ensure that all relevant health effects are evaluated.

Contaminants of concern
Chemicals present at concentrations above health-based comparison values in any media 
were identified as contaminants of concern requiring closer analysis in the “Health effects 
evaluation” section of this PHA. Health effects that may be associated with each chemical of 
potential concern and the sources of health-based comparison values used for screening are 
described in Appendix F. Contaminants of concern in this PHA include:

•	Arsenic

•	Cadmium 

•	Hexavalent chromium 

•	Nickel

•	Polychlorinated biphenyls (PCBs)

•	Polycyclic aromatic hydrocarbons (PAHs)

What is a CV?
Comparison values (CVs) are 
screening tools to identify 
contaminants of concern 
at a site. CVs represent the 
contaminant levels in air, soil 
or water that people could 
be exposed to every day 
and not experience harmful 
health effects. CVs are not 
environmental clean-up 
levels, and chemicals that 
exceed their CVs will not 
necessarily pose health risks.



29Public Health Assessment: Precision Castparts Corporation (PCC) | Exposure and health analysis

Screening of DEQ Air data
Arsenic, cadmium, hexavalent chromium and nickel are identified as contaminants 
of concern for cancer risk in air emissions and are evaluated in depth in this PHA. 
Nickel concentrations detected prior to installation of HEPA filters also exceed 
non-cancer CVs and are therefore evaluated for potential effects on non-cancer 
health risk.

Concentrations of metals in air detected at DEQ’s three monitors stationed around the 
Large Parts Campus were compared to health-based comparison values for each of 
the metals. Monitoring performed prior to installation of HEPA-filters on some facility 
stacks was evaluated separately to capture higher metals concentrations that may have 
been present in the absence of the additional pollution controls (Table 4). There was a 
decreasing trend in nickel and cobalt concentrations detected after HEPA filter installation 
(Table 5). Average cadmium concentrations were higher in monitoring performed after 
filter installation, though the significance of and reason for this increase are unknown. 
Concentrations of other chemicals didn’t change significantly. 

Before the installation of HEPA filters, maximum nickel, hexavalent chromium and arsenic 
concentrations were above CVs based on cancer risk (Table 5; more detailed tables in 
Appendix E). Maximum nickel concentrations also exceeded the ATSDR MRL (90 ng/m3), 
a non-cancer comparison value derived from effects on respiratory health. Under conditions 
after HEPA filters were installed, the maximum concentrations of nickel, hexavalent 
chromium, arsenic and cadmium exceed comparison values based on cancer risk but are 
below CVs for non-cancer health endpoints (Table 5; more detailed tables in Appendix E). 
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Table 4. Air concentrations prior to HEPA filter installation (measured by DEQ March 30–May 16, 2016)

Chemical
Average 

concentration
detectedA ng/m3

Maximum 
concentration

detectedB ng/m3 

Comparison 
value ng/m3

Comparison value source 
(sensitive health endpoint)

Chemical 
of potential 
concern?

Arsenic 0.876 5.03 0.23 ATSDR CREG (cancer) yes

Beryllium 0.007 0.018 0.42 ATSDR CREG (cancer) no

Cadmium 0.166 0.45 0.56 ATSDR CREG (cancer) no

Chromium 42.025 60.3 See hexavalent chromium
Cobalt 3.353 36.3 100 ATSDR chronic MRL (respiratory 

function)
no

Hexavalent 
chromium

0.306 1.16 0.052 ATSDR CREG (cancer) yes

Lead 2.260 5.39 150 Oregon ambient benchmark 
concentration/NAAQS (brain 
development)

no

Manganese 9.564 31.6 300 ATSDR chronic MRL (neurological 
function)

no

NickelC 22.279 131 4 EPA Residential RSL (cancer) yes

Selenium 0.742 1.12 20,000 EPA RSL (selenosis) no

Contaminants of concern (detected at concentrations exceeding the comparison value) are highlighted in grey. 
A Highest of average concentrations detected at each of the three monitors
B Maximum concentration detected at any of the three monitors
C The maximum nickel concentration also exceeds non-cancer comparison values (ATSDR MRL =90ng/m3) based on risk of 
respiratory effects from chronic exposure. 
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Table 5. Air concentrations after HEPA filter installation  
(measured by DEQ; June 1, 2016–December 9, 2017A)

Chemical

Average 
concentration 
detectedB ng/

m3

Maximum 
concentration 

detectedC ng/m3

Comparison 
value ng/m3

Comparison value source 
(sensitive health endpoint)

Chemical 
of potential 
concern?

Arsenic 0.659 5.48 0.23 ATSDR CREG (cancer) yes

Beryllium 0.0048 0.018 0.42 ATSDR CREG (cancer) no

Cadmium 0.6826 9.19 0.56 ATSDR CREG (cancer) yes

Chromium 33.55 63.2 See hexavalent chromium
Cobalt 1.18 13.1 100 ATSDR chronic MRL (respiratory 

function)
no

Hexavalent 
chromium

0.33 1.7 0.052 ATSDR CREG (cancer) yes

Lead 1.82 8.65 150 Oregon ambient benchmark 
concentration/NAAQS (brain 
development)

no

Manganese 8.81 45.2 300 ATSDR chronic MRL (neurological 
function)

no

Nickel 9.50 51 4 EPA residential RSL (cancer) yes

Selenium 0.73 3.56 20,000 EPA RSL (selenosis) no

Contaminants of concern (detected at concentrations exceeding the comparison value) are highlighted in grey. 

A �SE Harney Drive and Milwaukie Johnson Creek monitors took samples from March 30 through October 31, 2016.  
The 45th Avenue and Harney monitor took samples from June 6, 2016 through December 9, 2017.

B Highest of average concentrations detected at each of the three monitors
C Maximum concentration detected at any of the three monitors

Supplemental air monitoring data provided by third parties
In addition to air monitoring performed by Oregon DEQ, other entities conducted air 
monitoring in the area of southeast Portland near the PCC Large Parts Campus. EHAP’s 
purpose in analyzing additional air quality data was to ascertain levels of metals in the air in 
areas apart from the three locations examined by DEQ.

EHAP has reviewed these data, and the results are summarized below.

EHAP carefully examined and confirmed that the methods, data collection and quality-
assurance/quality-control (QA/QC) measures were performed at the same level used by 
DEQ. Evaluation of data quality included:

•	Evaluation of sampling plan

•	Applicability and completeness of field sampling

•	 Integrity of laboratory analysis
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•	Verification that detection limits are below EHAP’s Comparison Values (CVs) (i.e., 
third-party laboratories measure chemicals at or below health-based levels)

PSU STAR Lab neighborhood air monitoring data
In 2017, researchers at the Sustainable Atmospheres Research (STAR) Lab at Portland 
State University (PSU) assessed levels of metals in residential neighborhood areas near the 
Large Parts Campus. They placed air monitors in four areas (see Appendix B for monitoring 
locations). These monitors collected data from mid-April through June 2017. This monitoring 
effort was after PCC Structurals’ installation of pollution controls. Particulate matter (10 
micrometers or less in diameter) was collected on filters for 48 hours continuously, starting 
every third day. Researchers analyzed these filters for metals using x-ray fluorescence (XRF) 
spectrometry. As a quality control measure, they also tested laboratory and field blanks for 
contamination (32).

PSU’s XRF spectrometry method has significantly higher detection limits than DEQ’s 
methods for measuring metals concentrations in air (32). The XRF spectrometry detection 
limits are also much higher than the CVs that EHAP uses in making health determinations. 
Because of the higher detection limits, EHAP is unable to calculate risk with these data in 
the same way it did with metals concentrations collected by DEQ. However, this does not 
mean that their data cannot be used in evaluating metals concentrations and their relevance 
to human health. EHAP summarized PSU’s results below.

PSU researchers compared their air data collected between April and June 2017 to DEQ’s 
Ambient Benchmark Concentrations (ABCs). The ABCs were adopted in 2018 as part of the 
Cleaner Air Oregon regulations. For the chemicals that had an ABC (arsenic, cadmium, cobalt, 
manganese, nickel and lead), all samples showed levels of metals below the respective ABC, 
except for arsenic. For arsenic, PSU researchers found some samples above the ABC, and noted 
that they “have found this level of arsenic consistently throughout the Portland area”.

A full copy of PSU’s STAR lab results on monitoring that they conducted in southeast 
Portland can be found at the following website: https://star.research.pdx.edu/PNAQ.html

PCC Structurals air monitoring data
In 2017, PCC Structurals hired the environmental consulting firm CH2M HILL Engineering 
Inc. (now Jacobs) to conduct air monitoring of metals around the Large Parts Campus. They 
placed air monitoring instruments to the south of the facility (see Appendix B for location), 
measuring 24-hour metal concentrations once every three days. These instruments measured 
metal concentrations, including hexavalent chromium, from October 16, 2017, through 
October 14, 2018. They analyzed metals by sampling particulate matter of nine metals using 
inductively coupled plasma/mass spectrometry. Concentrations of hexavalent chromium were 
measured with ion chromatography and an ultraviolet/visible detector).

https://star.research.pdx.edu/PNAQ.html


33Public Health Assessment: Precision Castparts Corporation (PCC) | Exposure and health analysis

EHAP reviewed PCC’s sampling plan and results and determined that their data meets 
OHA’s standards for use in calculating human health risk. Their sampling and analysis plan 
included:

•	A quality assurance project plan, which included details on sampling methods, 
analytical methods, quality control procedures and data review procedures.

•	An air sampling method and laboratory analysis that was similar to methods used by 
Oregon DEQ.

•	A sufficient number of samples were collected over an extended period of time.

•	Data qualifiers were applied to identify samples below the detection limit, below the 
quantitation limit and of unacceptable quality.

•	Detection limits that are below concentrations that EHAP uses as comparison values.

PCC’s air monitoring quality assurance project plan and results can be found at the 
following website: https://www.pccstructuralscommunity.com/documents/air-quality-
monitoring.html

Concentrations of metals in air detected at PCC Structurals’ air monitor at the Large 
Parts Campus were compared to concentrations detected at DEQ’s monitor at SE 45th and 
Harney. PCC’s air monitor was located south of the Large Parts Campus, approximately 
one-quarter mile southeast from the DEQ monitor at SE 45th and Harney (which was 
northeast of the facility). Both monitors collected data after PCC Structurals installed HEPA 
filters at the facility. Although these monitors took samples during different periods (DEQ’s 
monitor ran from April 2016 to December 2017, and PCC Structurals’ ran from October 
2017 to October 2018), EHAP calculated human health risks using both PCC Structurals 
and DEQ monitoring data and compared the two.

EHAP compared concentrations of metals in air monitored at PCC’s monitor at the Large 
Parts Campus to health-based comparison values for each of the metals. PCC generally 
reported higher average and maximum levels of metals. The differences are likely due to 
DEQ and PCC conducting air monitoring during different time periods (Table 6; more 
detailed tables in Appendix E). Similar to DEQ’s air monitoring data, levels of arsenic, 
cadmium and hexavalent chromium exceeded cancer-based CVs; levels of nickel exceeded 
its non-cancer based CV.

https://www.pccstructuralscommunity.com/documents/air-quality-monitoring.html
https://www.pccstructuralscommunity.com/documents/air-quality-monitoring.html
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Table 6. Air concentrations reported by PCC Structurals air monitoring that was conducted from 
October 2017 to October 2018.

Chemical
Average concentration 
detected ng/m3

Maximum concentration 
detected ng/m3 Comparison 

ValueB ng/m3

Chemical 
of potential 
concern?

PCC DEQA PCC DEQA

Arsenic 0.91 0.659 11 5.48 0.23 Yes

Beryllium 0.16 0.0048 0.19 0.018 0.42 No

Cadmium 0.27 0.0821 6.7 1.3 0.56 Yes

Chromium, Total 6.67 1.625 51 4.83 See hexavalent chromium

Cobalt 0.28 0.138 2.5 0.805 100 No

Chromium, Hexavalent 0.0383 0.0606 0.462 0.243 0.052 Yes

Lead 1.30 1.82 9.1 8.65 150 No

Manganese 4.52 6.129 21 45.2 300 No

Nickel 2.07 0.665 6.4 2.93 4 Yes

Selenium No detects 0.174 No detects 1.94 20,000 No

Contaminants of concern (detected at concentrations exceeding the comparison value) are highlighted in grey.
A �Average and maximum DEQ concentrations were taken from the monitor at SE 45th and Harney, during the June 2016 through 

December 2017 time period. 
B �Comparison values are not listed in this table due to space constraints. See Tables 4 and 5 for CV value sources.

Soil screening
No metals exceed ATSDR health guidelines for soil. Therefore, no further analysis 
is performed on health risks from contact with soil.

The highest metal concentrations detected in DEQ soil samples were compared to health-based 
CVs for soil. DEQ detected low concentrations of several metals in soil sampling performed 
near the Large Parts Campus, but none exceeded health-based CVs recommended for use by 
ATSDR (Table 7). The ATSDR cancer risk guide (CREG) for arsenic is a very conservative 
(health-protective) value that is below natural background concentrations of arsenic found in 
soil across the country. For that reason, ATSDR recommends using the environmental media 
evaluation guide (EMEG) based on chronic child exposures as a comparison value for public 
health assessment. While arsenic detected in soil near PCC is above ATSDR’s CREG for 
lifetime cancer risk, it is still below ATSDR’s recommended EMEG comparison value and 
within natural background levels typical of Oregon (Table 7).

There is no comparison value available for total chromium in soil. For screening in this PHA, 
total chromium concentrations were compared to CVs for trivalent chromium. Hexavalent 
chromium was below the detection limit (approximately 0.050 ppm) for all samples.

In the absence of a CV for titanium in soil, we used a CV for the more toxic titanium 
tetrachloride for screening. Maximum concentrations of titanium detected in soil near the 
Large Parts Campus are below this CV.
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Table 7. Soil concentrations (measured by DEQ in June 2016)

Chemical
Average 

concentration 
mg/kg (ppm)

Maximum 
concentration 
mg/kg (ppm)

Comparison 
value mg/kg 

(ppm)

Comparison value source (sensitive 
health endpoint)

Chemical 
of potential 
concern?

Arsenic 4.76 10.9 17 ATSDR chronic child EMEG and RMEG 
(dermal effects)

no

Beryllium 0.54 0.662 110 ATSDR chronic child EMEG and RMEG 
(gastrointestinal effects)

no

Cadmium 0.28 0.82 5.7 ATSDR chronic child EMEG (kidney 
function)

no

Chromium 
total

53.4 239 86,000 ATSDR child chronic RMEG for trivalent 
chromium

no

Chromium, 
hexavalent*

BDL BDL 51 ATSDR chronic child EMEG (intestinal 
effects)

no

Cobalt 20.17 81 570 ATSDR intermediate child EMEG (blood 
effects)

no

Iron 27,736.7 36,600 55,000 EPA residential RSL (gastrointestinal 
effects)

no

Lead 34.17 91.8 400 EPA residential RSL standard for bare soil 
in children's play areas (brain development)

no

Manganese 706.7 1,030 2,900 ATSDR chronic child RMEG (neurological 
function)

no

Nickel 123.4 776 1,100 ATSDR chronic child RMEG (decreased 
body weight)

no

Selenium 0.171 0.36 290 ATSDR chronic child EMEG and RMEG 
(selenosis)

no

Titanium 1,795 2,680 140,000 EPA residential RSL for titanium 
tetrachloride; no CVs are available for 
titanium alone

no

Zinc 100 213 17,000 ATSDR chronic child EMEG (copper 
deficiency)

no

BDL = Below laboratory detection limit

* The public comment version of this PHA assumed the concentration of hexavalent chromium was 2.2% of total chromium, based 
on peer reviewed literature. However, upon reviewing results of DEQ’s soil analysis documenting hexavalent chromium levels below 
the laboratory detection limit, we have updated this table to reflect detected rather than assumed concentrations.
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Johnson Creek surface water screening
Trichloroethylene (TCE) was the only chemical detected in Johnson Creek surface 
water above health-based comparison values for drinking water. However, 
because it was only detected in a single sample taken in 2009, there is insufficient 
information to calculate potential long-term risk.

Johnson Creek surface water and sediment monitoring data collected for PCC Structurals by 
Landau Associates are evaluated in this PHA because they represent the potential points of 
human exposure through water. Landau Associates tested surface water for many chemicals, 
including metals, pesticides, PAHs, PCBs and solvents. Maximum chemical concentrations 
detected in Johnson Creek surface water at any point between 2009 and 2013 were compared 
to health-based CVs for drinking water that are designed to be protective of young children. 
This is a very health-protective comparison because it is unlikely that children drink from or 
bathe in Johnson Creek as much as they come into contact with drinking water. 

Among chemicals detected in Johnson Creek surface water (Table 8), TCE was the only 
chemical detected above any drinking water CV. Of 12 samples collected in Johnson Creek 
between 2009 and 2013, TCE was only detected in one set of duplicate samples taken in 
2009. TCE was not detected in any samples collected in later years. The level of TCE 
detected in the 2009 sample was slightly above the drinking water CV for lifetime cancer risk 
but was below the CV for non-cancer effects on fetal development and the immune system. 
Cancer risk comparison values are designed to identify levels of contaminants that increase 
cancer risk over a lifetime of exposure through drinking water. It is not possible to estimate 
potential long-term exposures from the results of a single surface water sample. Because 
it is not possible to estimate the potential long-term exposures that would be necessary to 
calculate cancer risk, no further analysis was done. The failure to detect TCE in subsequent 
samples means it is unlikely that TCE has been consistently present in Johnson Creek surface 
water at levels above the drinking water CV.

Water quality monitoring has also detected high concentrations of bacteria in Johnson Creek. 
E. coli concentrations frequently exceed concentrations of concern for health (33) (34). Risk of 
bacterial infections is beyond the scope of this PHA, but people who come in contact with the 
creek should be aware that E. coli in the water does have the potential to make them sick.

Storm water monitoring that detected PCBs indicates that PCBs may have entered the creek 
from the storm water outflow. However, these data will not be evaluated for human health 
effects since direct human contact with storm water is expected to be very minimal. No 
PCBs were detected in storm water analyzed in 2017 following the installation of the new 
storm water treatment plant. 

Groundwater data were not evaluated in this screening analysis because there are no 
complete exposure pathways through which neighbors would come into contact with 
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groundwater at the onsite locations being monitored by PCC Structurals (Table 1, Table 2, 
Table 3). Through the voluntary cleanup agreement, DEQ is working with the company to 
ensure that existing groundwater contamination does not threaten drinking water sources. 
Milwaukie performs treatment and monitoring (31) of drinking water fed by the nearby 
aquifer, providing additional data to confirm that community drinking water is protected. 

Table 8. Chemical concentrations in Johnson Creek surface water (measured by Landau Associates 
2009–2013)

Chemicals detected
Maximum 

concentration 
detected (ppb)

Drinking water 
comparison Value 

(ppb)

Comparison value 
source (sensitive health 

endpoint)

Chemical of 
potential concern?

Acetone 1,200 6,300 ATSDR child chronic RMEG 
(kidney function)

no

Chromium, total 2.3 100 EPA MCLG and EPA MCL 
(skin reactions)

no

cis-1,2-
Dichloroethene

1.4 14 ATSDR child chronic RMEG 
(kidney weight)

no

Copper 6.8 70 ATSDR child intermediate 
EMEG (gastrointestinal 
effects)

no

Lead 1.8 15 EPA action level (brain 
development)

no

Nickel 2.4 140 ATSDR child chronic RMEG 
(decreased body weight)

no

Tetrachloroethene 2.66 56 ATSDR child EMEG (color 
vision impairment)

no

Trichloroethene 1.17 0.43 ATSDR CREG (cancer) yes

Zinc 20 2,100 ATSDR child EMEG (copper 
deficiency)

no

Johnson Creek sediment screening
Total PCBs and total PAHs in sediment are evaluated for combined cancer risk. 
Nickel in sediment is also evaluated for potential non-cancer endpoints.

Maximum concentrations of all chemicals detected in Johnson Creek sediment by Landau 
Associates and DEQ were compared to soil comparison values. Soil comparison values are 
designed to be protective of children who play often in contaminated soil in their yard. This 
is a health-protective comparison. Children are not likely to come in contact with Johnson 
Creek sediment as much as the soil comparison values assume. Several chemicals have been 
detected in Johnson Creek sediment at concentrations above soil comparison values (Table 9 
and Table 11). These include PCBs, PAHs and nickel. 
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There are many chemicals that fall in the category of PCBs. Because different PCBs 
can contribute to the same health effects, the potential health effects for total PCBs are 
considered both individually and together. Maximum concentrations of total PCBs 
detected in sampling performed by Landau Associates between 2009 and 2015 were 
above soil comparison values for cancer risk (Table 9). These PCB concentrations were 
below non-cancer comparison values designed to be protective of effects on the immune 
system from PCBs. All PCB concentrations detected by Landau Associates in 2017 were 
below both cancer and non-cancer comparison values (Table 10).

Like PCBs, PAHs are a class of chemicals that may contribute to the same health effects. 
The potential health effects of PAHs are, therefore, considered both individually and 
together. In sampling performed by Landau Associates during 2009–2015, maximum 
concentrations of total PAHs exceeded soil comparison values for cancer risk. Maximum 
concentrations of the PAH benzo(a)pyrene were below non-cancer comparison values 
designed to be protective of neurodevelopmental effects. PAHs were not included in 
sediment monitoring performed by DEQ in 2016 or by Landau Associates in 2017.

In monitoring performed by Landau Associates during 2009–2015 and by DEQ in 
2016, maximum concentrations of nickel in sediment exceeded soil comparison values 
based on the non-cancer health effects associated with chronic oral exposure (Table 9 
and Table 11). In monitoring performed by Landau Associates in 2017, concentrations of 
nickel and all other metals were below soil comparison values (Table 10).

Table 9. Chemical concentrations detected in Johnson Creek sediment (discrete samples 
measured by Landau Associates 2009–2015)

Chemicals detected
Max 

concentration 
detected (ppm)

Soil comparison 
value (ppm)

Comparison value source 
(sensitive health endpoint)

Chemical 
of potential 
concern?

Antimony 0.66 23 ATSDR child chronic RMEG (blood 
glucose and cholesterol regulation)

no

Arsenic 6.56 17 ATSDR child chronic EMEG (dermal 
effects)

no

Barium 1.05 11,000 ATSDR child chronic EMEG (kidney 
function)

no

Beryllium 0.41 110 ATSDR child chronic EMEG 
(gastrointestinal effects)

no

Cadmium 0.67 5.7 ATSDR child chronic EMEG (kidney 
function)

no

Chromium, Total 1000 86,000 ATSDR chronic child RMEG for 
trivalent chromium

no

Chromium, 
HexavalentA

22 51 ATSDR chronic child EMEG 
(intestinal effects)

no
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Chemicals detected
Max 

concentration 
detected (ppm)

Soil comparison 
value (ppm)

Comparison value source 
(sensitive health endpoint)

Chemical 
of potential 
concern?

Copper 100 570 ATSDR child intermediate EMEG 
(gastrointestinal effects)

no

Lead 61.8 400 EPA residential RSL standard for 
bare soil in children's play areas 
(brain development)

no

Mercury 0.20 17 ATSDR child chronic EMEG for 
methylmercury (brain development)

no

Nickel 2,500 1,100 ATSDR child chronic RMEG 
(decreased body weight)

yes

Zinc 260 17,000 ATSDR child chronic EMEG (copper 
deficiency)

no

Total PCBB 0.48 0.19 ATSDR CREG (cancer) yes

Total PAHB 0.336 0.12 ATSDR CREG for benzo(a)pyrene 
(cancer)

yes

Contaminants of concern (detected at concentrations exceeding the comparison value) are highlighted in grey. 
A �Estimated by adjusting maximum concentrations of total chromium in soil with EPA’s estimate that 2.2% of total chromium will be 

in the hexavalent form (35)
B �Reflects the maximum sum of PCB or PAH concentrations detected in any individual sediment sample. Total PAH concentrations 

are the sum of ‘benzo(a)pyrene equivalent’ concentrations (the detected concentration multiplied by EPA’s chemical-specific 
relative potency factor) for all PAHs detected in each sample. Complete summaries of individual PAH and PCB (aroclor) 
concentrations are in Appendix E. 

Table 10. Chemical concentrations detected in Johnson Creek sediment (incremental samples 
measured by Landau Associates in 2017)

Chemicals 
detected

Max 
concentration 

detected (ppm)

Soil comparison 
value (ppm)

Comparison value source 
(sensitive health endpoint)

Chemical of 
potential concern?

Antimony <0.5B 23 ATSDR child chronic RMEG (blood 
glucose and cholesterol regulation)

no

Arsenic 2.57 17 ATSDR child chronic EMEG (dermal 
effects)

no

Beryllium 0.478 110 ATSDR child chronic EMEG 
(gastrointestinal effects)

no

Cadmium <0.5B 5.7 ATSDR child chronic EMEG (kidney 
function)

no

Chromium, total 23.3 75,000 ATSDR chronic child RMEG for 
trivalent chromium

no

Chromium, 
hexavalentA

0.51 51 ATSDR chronic child EMEG 
(intestinal effects)

no
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Chemicals 
detected

Max 
concentration 

detected (ppm)

Soil comparison 
value (ppm)

Comparison value source 
(sensitive health endpoint)

Chemical of 
potential concern?

Copper 30.7 570 ATSDR child intermediate EMEG 
(gastrointestinal effects)

no

Lead 27.9 400 EPA residential RSL standard for 
bare soil in children's play areas 
(brain development)

no

Mercury 0.0657C 17 ATSDR child chronic EMEG for 
methylmercury (brain development)

no

Nickel 49.8 1,100 ATSDR child chronic RMEG 
(decreased body weight)

no

Selenium <1B 290 ATSDR child chronic EMEG and 
RMEG (selenosis)

no

Silver <0.5B 290 ATSDR child chronic RMEG (dermal 
effects)

no

Thallium <0.5B NA NA no

Zinc 197 17,000 ATSDR child chronic EMEG (copper 
deficiency)

no

Total PCB 0.1299C 0.19 ATSDR CREG (cancer) no

NA indicates comparison values are not available.
A �Estimated by adjusting average and maximum concentrations of total chromium in soil with EPA’s estimate that 2.2% of total 

chromium will be in the hexavalent form (35) 
B �The chemical was not detected above the sample quantitation limit shown. These chemicals will not be included in further analysis.
C Concentration was estimated because the chemical was detected, but it is below the level that can be accurately quantified.
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Table 11. Chemical concentrations detected in Johnson Creek sediment (collected by DEQ in 2016)

Chemical Result (mg/kg)
Soil comparison 

value (ppm)
Comparison value source

Chemical 
of potential 
concern?

Aluminum, total 16,900 57,000 ATSDR child chronic EMEG (motor 
function)

no

Antimony, total 0.39 23 ATSDR child chronic RMEG (blood 
glucose and cholesterol regulation)

no

Arsenic, total 2.27 17 ATSDR child chronic EMEG (dermal 
effects)

no

Barium, total 114 11,000 ATSDR child chronic EMEG (nerve 
function)

no

Cadmium, total 0.22 5.7 ATSDR child chronic EMEG (kidney 
function)

no

Chromium, total 476 75,000 ATSDR child chronic RMEG for 
trivalent chromium

no

Chromium, 
hexavalentA

10.5 51 ATSDR chronic child EMEG 
(intestinal effects)

no

Cobalt, total 131 570 ATSDR child intermediate EMEG 
(blood effects)

no

Copper, total 42.4 570 ATSDR child intermediate EMEG 
(gastrointestinal effects)

no

Lead, total 42.3 400 EPA residential RSL standard for 
bare soil in children's play areas 
(brain development)

no

Manganese, total 268 2,900 ATSDR child chronic RMEG (brain 
effects)

no

Mercury, total <0.040B 17 ATSDR child chronic EMEG for 
methylmercury (brain development)

no

Nickel, total 1,600 1,100 ATSDR child chronic RMEG 
(decreased body weight)

yes

Selenium, total <1.99B 290 ATSDR child chronic EMEG and 
RMEG (selenosis)

no

Silver, total <0.10B 290 ATSDR child chronic RMEG (dermal 
effects)

no

Thallium, total <0.10B NA NA no

Zinc, total 179 17,000 ATSDR child chronic EMEG (copper 
deficiency)

no

Contaminants of concern (detected at concentrations exceeding the comparison value) are highlighted in grey. 

NA indicates comparison values are not available.
A Estimated by adjusting average and maximum concentrations of total chromium in soil with EPA’s estimate that 2.2% of total 
chromium will be in the hexavalent form (35)
B The chemical was not detected above the reporting limit shown.
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Johnson Creek crayfish screening
Arsenic, chromium, cobalt, mercury, 
nickel, zinc and PCBs were all detected 
in crayfish samples from Johnson Creek. 
Levels of these contaminants were 
considered in calculating the number 
of Johnson Creek crayfish meals that 
people can safely eat each month.

DEQ measured metal and PCB 
concentrations in a combined sample of 
eight crayfish caught in Johnson Creek 
downstream of the city storm water outfall 
used by the Large Parts Campus. There are 
no screening values available for crayfish. 
Therefore, all chemicals that were detected 
in crayfish (Table 12) are included in a more 
thorough analysis of potential exposures from 
eating crayfish. 

Health effects evaluation
To assess whether environmental contaminants at a specific site could harm health, EHAP 
estimates how much of each contaminant could get into people’s bodies. In toxicology, 
this is referred to as the “dose.” EHAP uses a process similar to EPA’s human health risk 
assessment to calculate the exposure doses people might get from contact with chemicals at a 
site. In the screening step of this PHA, EHAP identified COCs in air under current and past 
conditions and in sediment at Johnson Creek. Here we evaluate potential health effects by 
calculating exposure doses for each of the COCs and comparing calculated doses to health-
based guidelines for cancer and non-cancer related health risk. 

EHAP calculated exposure doses for a set of exposure scenarios designed to capture worst 
case scenarios in which people are exposed consistently over long periods of time (Table 13). 
EHAP also identified exposure scenarios for which there is insufficient data to calculate 
health risks (Table 14). EHAP considered input from local residents on specific exposure 
scenarios and assumptions that may occur near PCC Structurals. We evaluated potential 
for cancer and non-cancer health effects based on exposure doses calculated from these 
worst-case exposure scenarios. In cases where multiple chemicals affect the same health 
outcomes, EHAP evaluated the cumulative risks of all relevant chemicals across all pathways.

This section describes how doses were calculated for each scenario and how they were 
compared with cancer and non-cancer health guidelines to determine potential risk. It then 
summarizes the health implications for people in each of the three exposure scenarios.

Table 12. Chemical concentrations measured in 
crayfish collected in Johnson Creek (collected by 
DEQ in 2016; analyzed in 2017)

Chemical Concentration in crayfish 

Arsenic, total 0.28

Cadmium, total < 0.03A

Chromium, total 0.63

Cobalt, total 0.26

Mercury, total 0.019

Nickel, total 1.08

PCB, total 0.033

Selenium, total < 0.59A

Titanium, total 11.8

Zinc, total 24.1

A �The chemical was not detected above the sample quantitation 
limit shown. These chemicals will not be included in further 
analysis.
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Table 13. Exposure scenarios evaluated in health risk calculations (for each complete exposure 
pathway containing COCs)

Exposure scenario Exposure routes Rationale

1. Long-term residents exposed 
to air concentrations measured 
in 2016 prior to HEPA filter 
installation (59 years including 
childhood)A,B

Inhalation 

Residents who were born, grew up as children and lived as 
adults around the Large Parts Campus and were exposed to 
air concentrations measured prior to HEPA filter installation in 
2016 for up to 59 years.B This hypothetical scenario assumes 
that 2016 monitoring data would be an accurate reflection of all 
historical exposures.

2. Long-term residents exposed 
to current air concentrations, 
after HEPA filter installation (78 
years including childhood)A

Inhalation 

Residents who are born, grow up as children and will live as 
adults around the Large Parts Campus may be exposed to 
emissions at concentrations measured following HEPA filter 
installation for up to 78 years. 

3. Long-term, frequent 
recreational contact with 
Johnson Creek sediment (78 
years including childhood)A

Ingestion and 
dermal contact 
with sediment

Community members raised concerns about potential health 
effects of contact with contaminants in Johnson Creek. Long-
term residents may be exposed over the course of a 78-year 
lifetime.

4. Long-term, frequent fishing 
from Johnson Creek

Ingestion of 
crayfish 

Community members raised concerns about potential health 
effects of eating crayfish from Johnson Creek. The number 
of crayfish meals that can be safely consumed each month is 
calculated based on non-cancer risks. 

A �Risk from exposure over a 78-year lifetime was calculated assuming that the first 21 years reflect exposure as a child. Where 
appropriate, risks of exposure during childhood were adjusted to reflect differences in children’s exposure factors (such as 
frequency or body weight). Risk from early childhood exposure to mutagenic chemicals was weighted as described further in 
Appendix G. 

B �The Large Parts Campus has been in operation since 1957 so 59 years is the maximum number of years a person may have 
been exposed to pre-HEPA filter concentrations.

C Emissions reported to EPA’s Toxics Release Inventory were higher in the past (see p.15–16 of this assessment).

Table 14. Exposure scenarios for which there is insufficient information to calculate health risks

Exposure scenario Exposure routes Rationale

5. Long-term 
residents exposed 
to unknown past 
air concentrations 
(59 years including 
childhood)A,B

Inhalation Residents who were born, grew up as children, and lived as adults around 
the PCC facility were exposed to unknown historical levels of air emissions 
for up to 59 years.B Historical exposures were likely higher than what was 
measured in 2016 air monitoring based on required company reports to the 
EPA Toxics Release Inventory showing a decline in the use of COCs over 
time.C There is insufficient information to quantify those past risks.

A �Risk from exposure over a 78-year lifetime was calculated assuming that the first 21 years reflect exposure as a child. Where 
appropriate, risks of exposure during childhood were adjusted to reflect differences in children’s exposure factors (such as 
frequency or body weight). Risk from early childhood exposure to mutagenic chemicals was weighted as described further in 
Appendix G. 

B �The Large Parts Campus has been in operation since 1957 so 59 years is the maximum number of years a person may have 
been exposed to pre-HEPA filter concentrations.

C Emissions reported to EPA’s Toxics Release Inventory were higher in the past (see p.15–16 of this assessment).
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Approach to dose calculation
To calculate a dose, we determined the frequency and duration with which people come into 
contact with the COCs through each exposure pathway. Wherever possible, EHAP uses 
site-specific information, but when that information is unavailable, we use default values 
established by ATSDR or the EPA. Where default values are unavailable, EHAP uses best 
professional judgment. For the complete list of the exposure assumptions and formulas used 
to calculate doses of COCs in this report, see Appendix G. 

To calculate long-term doses in this PHA, EHAP used health-protective assumptions to 
estimate potential chemical concentrations that people may be exposed to in air consistently 
over many years. This helps to account for uncertainties around how well monitoring data 
collected over a limited period reflect what is typically in the air (average concentration). 
Health protective estimates of average concentrations were calculated by defining a range 
that we can have 95% confidence will include the true average. The high end of this range is 
the upper confidence limit. EHAP used EPA’s ProUCL software to identify upper confidence 
limits for average air concentrations based on available monitoring data at each location 
(resulting UCLs are included in air screening tables in Appendix D). In risk calculations, 
EHAP used the upper confidence limits identified in ProUCL to represent potential average 
long-term exposures to air contaminants. To calculate long-term doses to contaminants 
detected in sediment we use the maximum concentrations detected because there is not 
enough data at each sampling location to define confidence limits.

Approach to estimating cancer risk
EHAP follows current ATSDR and EPA risk assessment methodology that evaluates 
cancer risk under the assumption that there is no threshold below which cancer-
causing chemicals are considered completely safe. That is, the methodology assumes 
that every additional exposure, no matter how small, has the potential to contribute 
toward lifetime risk of getting cancer. Cancer risk from a specific exposure is therefore 
expressed as a probability, which can be thought of in terms of additional cancer cases 
in a population. Cancer risk from a particular environmental exposure is considered 
in addition to the background risk of developing cancer over a lifetime. The American 
Cancer Society estimates that one in three women and one in two men will develop 
some type of cancer over the course of their life (36). These background cancers are 
attributed to a combination of genetic mutations, inherited conditions (traits that are 
passed on to children), tobacco use, lifestyle factors, common environmental exposures 
and occupational exposures. The contributions of each factor to the incidence of cancer 
in individuals and communities is difficult to predict or quantify.

Cancer risk is generally expressed in terms of chances in a million (1x10-6 or 0.000001). For 
example, a one-in-a-million cancer risk means that for every 1 million people with the same 
site-specific exposure for the same period, one additional person will develop cancer due 
to that exposure at some point in their lifetime. This one-in-a-million increase of cancer is 
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in addition to the roughly 400,000 people out of 1 million (approximate background rate 
for men and women) that would be expected to get cancer from all causes combined. It is 
not possible to determine which one of the 400,001 cancer cases is the additional case due 
to a site-specific exposure. In a community of 10,000 people, a one-in-a-million cancer risk 
means that less than one additional cancer case would be expected.

Cancer risk that falls between one additional case of cancer per million people (1x10-6) and 
one additional case per 10,000 people (1x10-4) is generally considered low. It is important to 
know that this range is in addition to the one out of three women or one out of two men who 
will develop cancer over their lifetime from all causes combined.

To calculate lifetime cancer risk, EHAP uses cancer slope factors (CSF) identified by EPA 
for each cancer-causing chemical. Cancer slope factors (or in the case of air exposures, 
inhalation unit risk) describe the increased cancer risk associated with each additional unit 
of exposure based on the best available data. Cancer risk is estimated by multiplying the 
calculated dose by the cancer slope factor (Appendix G). In this PHA, when more than one 
chemical contributed to cancer risk in a given exposure scenario, the risks from all chemicals 
were added together for an estimate of cumulative cancer risk.

Because of the uncertainties and conservative assumptions inherent in deriving the cancer 
slope factors, this is an estimate of risk.

Approach to estimating non-cancer risk
For many non-cancer health effects, there is 
thought to be a threshold of exposure below 
which no health effects are expected. Federal 
health guidelines are intended to identify a 
daily dose of a chemical that is below this 
threshold for each chemical and therefore 
unlikely to harm health. To calculate risks for 
non-cancer health outcomes, EHAP compares 
the daily doses calculated for each exposure 
scenario with health guideline doses at which 
no health effect is anticipated for that chemical.

In this PHA, EHAP used the health guidelines 
established by ATSDR, called minimal risk 
levels (MRLs), whenever available. When a 
specific chemical does not have an appropriate 
MRL, EHAP uses a reference dose (RfD) or, 
in the case of inhalation exposures, a reference 
concentration (RfC) established by the EPA. 
Appendix F describes the potential health 

What is an ATSDR MRL?
Minimal risk levels (MRLs) are 
estimates of daily human exposure 
to a hazardous substance. They 
represent the amount of a 
substance that is not expected to 
cause non-cancer health effects. 
Exposure doses that are greater 
than MRLs do not necessarily 
mean that people will experience 
the associated adverse effects.

ATSDR develops MRLs for acute 
(14 days or less), intermediate 
(between 15 and 364 days) and 
chronic (one or more years) 
exposure durations.
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effects and derivation of MRLs and RfDs 
for each of the COCs identified in this PHA. 
No contaminants of concern were detected 
at concentrations high enough to indicate 
potential acute or intermediate health risks. 
We evaluated potential long-term health 
risks by comparing chronic MRLs or RfDs 
to doses calculated based on long-term 
exposures.

EHAP divides calculated doses by the health 
guideline for each chemical (Appendix 
G). The resulting number is called the 
hazard quotient (HQ). A HQ greater than 
1 indicates that potential exposures exceed 
the MRL or RfD. When an HQ is less than 
or equal to 1, the exposure is lower than 
or equal to the health guideline, and it is 
unlikely that non-cancer health effects will 
occur. If it is greater than 1, the exposure is 
higher than the health guideline and a more 
in-depth analysis is needed to determine 

whether an exposed person could experience adverse health effects that are not cancer. In 
this PHA, nickel was the only chemical evaluated for non-cancer health endpoints because 
it was the only chemical to exceed non-cancer comparison values for air or sediment 
concentrations.

Results of risk calculations
Exposure Scenario 1: Long-term residents with hypothetical exposure to air 
concentrations assumed to constantly be at levels measured in 2016 prior to HEPA 
filter installation

This hypothetical scenario reflects risks that would occur if people were exposed to 
concentrations detected prior to HEPA filter installation in 2016 for as long as the facility 
has been in operation. Because the Large Parts Campus has only been operating since 1957, 
total lifetime exposures under pre-HEPA filter conditions cannot exceed 59 years of lifetime 
exposure. It is important to note that in the absence of historical monitoring data, risk 
estimates calculated in this scenario only reflect risk of long-term exposure to levels of metals 
detected in 2016 monitoring prior to HEPA filter installation. They do not reflect risks from 
higher rates of emissions reported historically (described in Exposure Scenario 5 on page 42).

Risk associated with air concentrations detected in 2016 prior to installation of HEPA filters 
was calculated for levels detected at each of the three air monitoring locations. Exposure 

What is a hazard quotient?
Hazard quotients (HQs) 
summarize potential risk of 
non-cancer health effects. They 
are calculated by dividing the 
estimated exposure by a health 
guideline (such as an ASTDR 
MRL or an EPA reference dose). 

An HQ less than one means that 
estimated exposure is below health 
guidelines and no non-cancer 
health effects are expected. 

An HQ greater than one means 
that estimated exposure exceeds 
health guidelines and further 
analysis is needed to determine 
whether health could be harmed.
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doses were calculated based on the upper confidence limit of average air concentrations 
calculated for each location (Appendix G). Exposure was assumed to be constant for 24 
hours a day, 365 days a year over 59 years, including childhood. 

Cancer risk

Cancer risk was evaluated cumulatively for all metals detected in air under pre-HEPA 
filter conditions. Cadmium was not identified as a COC on its own but was included in the 
cumulative evaluation to ensure that all potential cancer risk was fully accounted for. The 
maximum cumulative lifetime cancer risk calculated for any monitoring location was 20 
in 1,000,000 (Table 15). EHAP considers this to be a very low cancer risk (see discussion 
“Approach to estimating cancer risk” on previous pages). EHAP concludes that levels 
of metals measured in air in 2016 prior to HEPA filter installation pose very low 
cancer risk to long-term residents exposed as both children and adults.

Non-cancer risk

Under pre-HEPA filter conditions, long-term nickel exposure concentrations calculated in this 
section were below the ATSDR chronic MRL designed to be protective against respiratory 
health effects (Table 15). This produced a hazard quotient less than 1, which EHAP considers 
too low to affect public health. EHAP concludes that measured concentrations of metals 
in air prior to HEPA filter installation were too low to harm the respiratory health of 
long-term residents exposed as both children and adults. 

Table 15. Chronic risks calculated for each air monitoring location (before HEPA filters were installed)

Monitoring location Scenario
Exposure 
assumptions

Cumulative cancer risk 
of NiA, As, Cd, Cr 6+ 

Hazard quotient for non-
cancer risk from Ni

Milwaukie Johnson 
Creek

Lifetime Constant exposure 
from birth to age 59 

20 in 1,000,000 0.4

S.E. 45th and 
Harney Drive

Lifetime Constant exposure 
from birth to age 59 

7 in 1,000,000 NA

S.E. Harney Drive Lifetime Constant exposure 
from birth to age 59 

9 in 1,000,000 NA

A Assuming nickel is present in the most toxic form

Exposure Scenario 2: Long-term residents exposed to air under current conditions 

This scenario assumes that long-term residents may continue to be exposed to 
concentrations of metals detected in air after HEPA filter installation in 2016 over a 
lifetime. Health risks associated with air concentrations of COCs detected after HEPA 
filter installation were calculated separately for each of the three air monitoring locations. 
At each location, exposure doses were calculated based on the upper confidence limit of 
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average air concentrations (Appendix G). Exposure was assumed to be constant for 24 hours 
a day, 365 days a year over a 78-year lifetime including childhood.  

Two DEQ air monitors (Milwaukie Johnson Creek and SE Harney Drive) recorded air 
concentrations for a six-month period in 2016. The third DEQ air monitor (located at SE 
45th and Harney) also recorded air concentrations during this time and continued operating 
through December 2017. It is likely the metals concentrations at the third monitor represent 
long-term air quality for all seasons of the year. Regardless, EHAP calculated exposure doses 
and risk from all three DEQ stations and evaluated the highest risk calculation from them.

During the public comment period EHAP received additional monitoring data collected by a 
PCC Structurals consultant. EHAP estimated risk using these data for comparison with the 
results obtained from the analysis of DEQ data and the results were not significantly different.

Cancer risk

Cancer risk for all four COCs in air under current conditions was evaluated cumulatively; 
that is, the analysis estimated the combined cancer risk of the COCs taken together. Nickel 
was assumed to be present in its most toxic form, an insoluble particulate such as refinery 
dust. EHAP assumed nickel was present in this form because ATSDR does not have CVs 
for nickel alloys (the form of nickel that PCC states is present in its emissions) and the 
monitoring data do not identify the form of nickel. Because hexavalent chromium causes 
cancer through gene mutations, early childhood exposures may disproportionately increase 
lifetime cancer risk. Exposures to hexavalent chromium during childhood were, therefore, 
given additional weight in the risk calculation, consistent with ATSDR guidance. The 
maximum cumulative lifetime cancer risk calculated for any monitoring location was 10 in 
1,000,000 (Table 16). EHAP considers this to be a very low cancer risk (see discussion on 
p. 36). EHAP concludes that metals in air under current conditions pose very low 
cancer risk to long-term residents exposed as both children and adults.

EHAP also calculated estimated cancer risk from the air quality data collected by PCC. 
The cumulative lifetime cancer risk calculated for this location was 9 in 1,000,000 (Table 
16). This risk was not significantly different than risk calculated using DEQ monitoring 
data. Like the risk calculated from results of DEQ monitors, EHAP considers this to be a 
very low cancer risk. (See discussion “Supplemental air monitoring data provided by third 
parties” on previous pages)

Non-cancer risk

None of the metals detected in air under current conditions were present at concentrations 
high enough to be of concern for non-cancer health risks. EHAP concludes that 
concentrations of metals in air under current conditions are too low to harm the 
respiratory health of long-term residents exposed as both children and adults. 
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Table 16. Risks calculated for each air monitoring location (under current conditions)

Monitoring location Scenario
Exposure 
assumptions

Cumulative cancer risk 
of NiA, As, Cd, Cr 6+ 

Hazard quotient for 
non-cancer risk from Ni

DEQ Milwaukie  
Johnson CreekB

Lifetime Constant exposure 
from birth to age 78 

10 in 1,000,000 NA

DEQ S.E. 45th and 
Harney DriveC

Lifetime Constant exposure 
from birth to age 78 

6 in 1,000,000 NA

DEQ S.E. Harney 
DriveB

Lifetime Constant exposure 
from birth to age 78 

10 in 1,000,000 NA

PCC Monitor  
(Large Parts Campus 
parking lot)

Lifetime Constant exposure 
from birth to age 78 

9 in 1,000,000 NA

A Assuming nickel is present in the most toxic form
B Air monitoring station took measurements from late March/early April to October 2016.
C Air monitoring station took measurements from April 2016 to December 2017.

Exposure Scenario 3: Long-term frequent recreational contact with Johnson Creek 
sediment via both ingestion and skin contact

Exposure to chemicals in sediment may occur through skin (dermal) contact as well as 
through incidental ingestion of sediment. Because methods and locations of sediment 
sampling efforts vary, data are not directly comparable. Therefore, the data can’t be 
integrated to confidently predict average concentrations across sampling efforts. Potential 
exposure doses were calculated based on maximum levels of PCBs, PAHs and nickel 
detected in Johnson Creek sediment sampled by Landau Associates or DEQ. Exposure 
doses were calculated assuming a high frequency of contact with creek sediment. Substantial 
contact with creek sediment was assumed to occur weekly, year-round (equivalent to four 
days a week in the summer months only) between ages 1 and 21 years and for 33 years as 
an adult (this is ATSDR’s default residential occupancy period). These exposure scenarios 
use conservative assumptions. Dermal exposure is assumed to occur with sediment in direct 
contact with hands, forearms, feet and lower legs; high rates of absorption are assumed. 
Oral ingestion was calculated based on the assumption that children may swallow 200mg 
and adults swallow 100mg of sediment each day they come in contact with the creek. These 
estimates are derived from EPA’s upper bound estimates for soil ingestion rates (37).

In response to community advisory committee members’ requests for exposure scenarios that 
reflect an extreme worst case, EHAP also considered an alternate extreme exposure scenario 
in which the same high degree of contact with sediment occurred daily all year-round 
(Appendix G). This scenario used the same assumptions as above about the extent of dermal 
contact and ingestion that occurs with each exposure. While we are not aware of any 
individuals with this amount of contact, this extreme scenario provides an upper limit for 
potential risk.
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Cancer risk 

To calculate cancer risk from exposure to COCs in sediment, risks from exposure through 
skin contact and through ingestion were considered cumulatively. Cumulative cancer risk 
was calculated for total PCBs and total PAHs across both exposure pathways. Because 
some PAHs cause cancer through gene mutations, early childhood PAH exposures may 
disproportionately increase lifetime cancer risk. Exposures to total PAHs during childhood 
were therefore given additional weight in the risk calculation, consistent with ATSDR 
guidance. No cancer risk values are available for oral exposure to nickel and hexavalent 
chromium and were therefore not included (Table 17). Cumulative cancer risk of total PCBs 
and total PAHs over a lifetime of weekly exposure through both pathways was estimated to 
be 40 in 1,000,000, which EHAP considers to be a very low cancer risk (see discussion on 
p.36). In an extreme exposure scenario of daily year-round exposure, cumulative lifetime 
cancer risk was estimated to be 3 in 10,000. EHAP considers this to be a low increased 
cancer risk. However, EHAP is not currently aware of any individuals at risk of coming in 
contact with Johnson Creek sediment with anywhere near this frequency. EHAP concludes 
that PCBs and PAHs in Johnson Creek sediment pose very low lifetime cancer risk 
for anyone with frequent (weekly year-round) contact.

Non-cancer risk

Risk of non-cancer health effects of nickel was calculated based on ingestion of soil only 
because nickel is not readily absorbed through skin. Assuming weekly year-round contact 
with sediment, non-cancer risk of nickel for all age groups was below a hazard quotient of one 
(Table 17). In an extreme exposure scenario of daily year-round contact, hazard quotients for 
most age groups in this scenario were below one. For the 1–2 year-old age group, the hazard 
quotient associated with daily year-round exposure was two, indicating the potential for daily 
exposure to exceed the health-based comparison value for chronic health effects. It is important 
to note that there is still a substantial amount of caution built in to this chronic comparison 
value, making it unlikely that daily exposure at that level would result in health effects. 
Furthermore, EHAP is not currently aware of any individuals at risk of coming in contact 
with Johnson Creek sediment with daily frequency. EHAP concludes that maximum 
concentrations of nickel detected in Johnson Creek sediment are too low to have 
non-cancer health effects for anyone with frequent (weekly year-round) contact.

Table 17. Cancer risk associated with contact with weekly year-round exposure to PCBs and PAHs 
at maximum concentrations detected in sediment

Exposure period
Cumulative cancer risk from skin 
contact and ingestion of PCBs and 

PAHs in sediment

Hazard quotient for ingestion of 
nickel in sediment

Child 6 wks to < 1 yrA 0 0

Child 1 to < 2 yrA 5 in 1,000,000 0.3

Child 2 to < 6 yrA 6 in 1,000,000 0.2
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Exposure period
Cumulative cancer risk from skin 
contact and ingestion of PCBs and 

PAHs in sediment

Hazard quotient for ingestion of 
nickel in sediment

Child 6 to < 11 yrA 6 in 1,000,000 0.1

Child 11 to <16 yrA 5 in 1,000,000 0.1

Child 16 to <21 yr 3 in 1,000,000 0.05

Cumulative child 0–21 years 30 in 1,000,000 NA

Adult for 33 years (95% residential 
occupancy period)B

20 in 1,000,000 0.02

Lifetime (21 years of childhood 
exposure plus 33 years of adult 
exposure)A,B

40 in 1,000,000 NA

A �Cancer risks calculated for exposure to PAHs incorporate age-adjustment factors that give more weight to early childhood 
exposures due to the mutagenic mode of action of some PAHs (described in more detail in Appendix G).

B 33 years is the default duration of residential exposures used by ATSDR based on the 95% residential occupancy period.

Exposure Scenario 4: Long-term, frequent consumption of crayfish from  
Johnson Creek

Health risks associated with eating crayfish caught in Johnson Creek were evaluated 
using the same method used in Oregon Health Authority’s fish advisory program (38). 
The concentrations of metals and PCBs detected in crayfish collected from Johnson 
Creek were used to calculate the number of Johnson Creek crayfish meals that can be 
safely eaten in a month. 

Cancer risk

Fish advisories in Oregon are not based on small increases in cancer risk because the small 
increased risk of cancer needs to be balanced by the health benefits of eating fish. Among 
the chemicals DEQ detected in Johnson Creek crayfish, arsenic and PCBs are the only 
chemicals associated with increased risk of cancer when exposure occurs through ingestion.

Non-cancer risk

The concentrations of metals and PCBs detected in crayfish were used to calculate 
the amount of crayfish that could be eaten in a month without exceeding non-cancer 
comparison values for oral exposure to those contaminants (Appendix G). The health risks 
of all contaminants detected in the crayfish are considered for each chemical alone as well 
as for combined risk from chemicals that affect the same organ system (Table 18). Based on 
cumulative risk from metals and PCBs, residents can safely eat up to five meals of Johnson 
Creek crayfish each month. Crayfish caught in Johnson Creek by DEQ weighed between 
9 and 19 grams. The average weight was 13.3 grams, or approximately one-half ounce. 
This means that, on average, an eight-ounce crayfish meal would consist of about 20 whole 
crayfish (including shells) or many more crayfish if only meat is consumed. Meal portion 
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size is proportional to body weight and the calculation methods are designed to protect 
sensitive populations. The recommended limit on crayfish meals that should be consumed by 
children is the same as for adults. EHAP concludes that residents can safely eat up to 
five eight-ounce meals of Johnson Creek crayfish each month. 

Table 18. Estimated number of crayfish meals that are safe to eat each month based on potential  
metal and PCB exposures

Basis for fish consumption recommendations
Number of crayfish meals that can be eaten each 
month without exceeding exposure guidelinesA

Cumulative risk from all chemicals that target brain 
development (mercury and PCBs)

5 eight-ounce meals

Cumulative risk from all chemicals that target the immune 
system (zinc and PCBs)

5 eight-ounce meals

Cumulative risk from all chemicals that target skin (arsenic 
and PCBs)

5 eight-ounce meals

Cumulative risk from all chemicals that target blood (zinc, 
chromium and cobalt)

12 eight-ounce meals

Risk from total PCBsB 6 eight-ounce meals

Risk from arsenic aloneC 100 eight-ounce meals

Risk from chromium aloneD 13.4 eight-ounce meals

Risk from cobalt alone 361 eight-ounce meals

Risk from mercury aloneE 148 eight-ounce meals

Risk from nickel alone 174 eight-ounce meals

Risk from zinc alone 117 eight-ounce meals

A Higher number of meals indicates lower health risks. Meal size is based on adults.

B Based on cumulative risk from the sum of all PCB congeners

C �Assumes that 10% of the arsenic detected is in its more toxic, inorganic form. The consensus in the scientific literature is that 
approximately 10% of the arsenic typically found in the edible parts of fish and shellfish is inorganic arsenic (39).

D Based on the unlikely but health-protective assumption that 100% of chromium detected is in the more toxic, hexavalent form

E Based on the health-protective assumption that 100% of mercury detected is in the more toxic, methylmercury form

Analysis of exposure scenarios with insufficient information 
Exposure Scenario 5: Long-term residents with exposure to unknown past air 
concentrations

There is not enough data to support a quantitative evaluation of health effects of historical 
exposures that occurred before any monitoring was conducted. Emissions reported by PCC 
Structurals to EPA’s Toxic Release Inventory (29) indicate that historical emissions at the 
Large Parts Campus, for some COCs, may have been between 10 and 100 times higher than 
recent emissions. The presence of additional chemicals, which have since been phased out, 
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would have also contributed to past risk. However, given the limitations and uncertainties of 
the Toxics Release Inventory, no quantitative conclusions can be drawn. EHAP concludes 
that there is insufficient data to determine whether exposure to historical air 
emissions near the Large Parts Campus may have harmed health.

Uncertainties and data gaps
In any public health assessment there are uncertainties and limitations. Calculating and 
interpreting risk requires the use of assumptions, judgments and limited data sets. This 
section summarizes potential sources of uncertainty and data gaps and the extent to which 
they were addressed in this analysis. Estimated risks presented in this PHA should be 
interpreted in the context of these limitations. 

Characterization of toxicity. The health guideline comparison values used to assess 
toxicity (i.e., MRLs and RfDs) pass through a rigorous scientific peer-review process. 
However, there is uncertainty in health effects data used to generate these guideline values. 
For example, health effects of a chemical can vary across species, life stages and individuals 
in a population. There may also be gaps in the health effects data used to generate health-
based comparison values. Typically, these uncertainties are addressed by incorporating a 
margin of safety into comparison values. To calculate CVs, chemical doses at or below the 
point where health effects were observed in people or animals are divided by uncertainty 
factors ranging from 10 to 1000 to account for remaining uncertainties, sensitive populations 
and data gaps.

Current CVs may not reflect all the latest evidence or protect against potential health effects 
that have not yet been well characterized. The chemical-specific comparison values used 
in this PHA reflect the latest peer-reviewed conclusions of federal scientists and scientific 
advisory panels based on the weight of evidence from the scientific literature. However, 
new evidence is continually reshaping our understanding of potential health effects of 
environmental exposures. For example, in this PHA, non-cancer risk of nickel is evaluated 
based on an ATSDR chronic MRL derived from studies on respiratory effects in rats. Since 
the ATSDR MRL was published in 2005, there have been several additional studies finding a 
correlation between nickel concentrations in air and asthma symptoms in children (discussed 
in Appendix F). These studies suggest the potential for nickel to contribute to asthma 
symptoms at concentrations comparable to what has been detected near the Large Parts 
Campus. However, these studies alone do not provide conclusive evidence that nickel causes 
these asthma symptoms and cannot be used to support quantitative health effects analysis in 
this PHA. Generally, findings from new studies must be replicated and corroborated by other 
studies with different designs, settings and populations before previously established guidelines 
or standards can be updated.

Toxicity can also vary with the specific form of a chemical. In this PHA, there is 
uncertainty around which specific forms of nickel are present in air. The Large Parts 
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Campus uses nickel alloys that are thought to be less bioavailable and therefore less 
carcinogenic than other forms of nickel (40). However, because monitoring data do not 
distinguish between the different forms of nickel, we cannot confirm that nickel emitted 
from the facility remains in an alloy form. We also do not know whether all the nickel 
present came from the Large Parts Campus. In this PHA we calculate potential health 
effects based on the health-protective assumption that all nickel detected near the facility 
may be in the most toxic form.

Risk to sensitive populations. Some groups of people may be particularly sensitive to 
contaminants of concern identified near the Large Parts Campus. Emerging research 
has demonstrated that several factors influence our susceptibility to the health effects of 
environmental exposures. Comparison values are designed to be protective of sensitive 
populations, but we are not yet able to clearly quantify the role each of these factors plays in 
influencing risk and how they interact.

•	Genetic variability. Genetic variation may make some individuals particularly 
susceptible to the health effects of metals. For example, variants in genes involved in 
processing chemicals mean that some people may be slower to process and excrete 
chemicals in their bodies than other people (41). Genetic differences can put some people 
at higher risk of disease, including respiratory disease (42) and cancer (43).

•	Epigenetic programming. Epigenetic factors that influence how genes are turned 
on and off in our bodies also have an important effect on health and susceptibility (44). 
Epigenetic gene regulation can be influenced by a range of factors including nutrition, 
stress, previous chemical exposures and even exposures that occurred during gestation (45) 
or in previous generations (46).

•	Sensitive life stages. Children, developing fetuses, pregnant women and the elderly may 
be particularly susceptible to environmental exposures due to differences in how their 
bodies process and respond to chemicals (47). 

•	Preexisting disease. Some people may be more susceptible to the effects of chemical 
exposure due to preexisting diseases. For example, people with pre-existing respiratory 
conditions like asthma or chronic obstructive pulmonary disease may be more sensitive to 
exposures that affect respiratory health (48). 

•	Cumulative chemical exposures. Multiple chemicals from a variety of sources at home 
and at work may act cumulatively to produce the same health outcomes (49) (50).

•	Social determinants of health. Social factors like poor nutrition and stress may interact 
with chemical exposures to magnify health effects (24) (25).

Characterization of exposure. There are two main sources of uncertainty in 
calculating human doses to environmental contaminants based on environmental 
monitoring data. First, there is uncertainty in environmental monitoring data used to 
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determine the chemical concentrations in air, water and soil with which people may come 
in contact. Monitoring data may not adequately capture the most contaminated samples 
or may not include all contaminants that are present. Second, there is uncertainty around 
the amount of contact people have with contaminated air, water and soil. In this PHA we 
calculated risk based on health-protective assumptions. We assume that some people may 
be continuously exposed (24 hours/day) to air concentrations at the upper confidence limit 
of average monitored air concentrations. We also assume a high frequency of contact with 
contaminated water, sediment or soil containing the maximum chemical concentrations 
detected in monitoring efforts. 

There is some additional uncertainty around how far air emissions travel and the extent to 
which they deposit in soil. In this PHA, we assume that air monitors located near the facility 
capture the highest level of emissions because emissions tend to disperse with distance. 
Dispersion dynamics vary depending on the height of the emissions stack, the temperature of 
what is emitted and the rate of f low from the stack. Additional emissions modeling that takes 
these factors into account could better define the geographic area most affected by emissions.

A lack of historical emissions monitoring data means that there is also uncertainty around 
the extent of historical exposures. This is particularly true of incidents that resulted in 
short-term elevated emissions. In this PHA, we do not calculate risks from historical 
emissions because there is too much uncertainty around the extent of those exposures. It is 
possible that high past exposures make some long-term residents more susceptible to ongoing 
exposures, but there is insufficient information to be able to quantify that effect in this PHA.

Source of the contamination. The air, soil, water and sediment monitoring data used in 
this PHA determine concentrations of chemicals present in the environment, but they do not 
identify the source of these chemicals. Other nearby industrial facilities may contribute to 
total air emissions, and many of the contaminants detected in Johnson Creek may be from 
upstream sources. This PHA evaluates the potential health effects of all chemicals detected 
in the environmental monitoring, regardless of source.
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Evaluations of health outcome (i.e., mortality and morbidity) data (HOD) in public 
health assessments are done using specific guidance in ATSDR’s Public Health 
Assessment Guidance Manual (51). The main requirements for evaluating HOD are 
the presence of a completed human exposure pathway; high enough contaminant 
levels to result in measurable health effects; sufficient number of people in the 
completed pathway for health effects to be measured; and a health outcome 
database in which disease rates for the population of concern can be identified (51). 

This site does not meet the requirements for including an evaluation of HOD in 
this public health assessment. Although completed human exposure pathways 
exist at this site, the geographic area and, therefore, the exposed population is 
not sufficiently defined. In addition, a registry does not exist to track the type of 
health effects evaluated in the PHA (e.g., respiratory symptoms). 

Health outcome data
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EHAP and ATSDR recognize that infants and children may be more vulnerable 
to exposures than adults in communities faced with contamination of their air, 
water, soil or food. This vulnerability is a result of the following factors:

•	Children’s developing body systems can sustain permanent damage if toxic 
exposures occur during critical growth stages.

•	Children are more likely to play outdoors and bring food into contaminated areas.

•	Children are shorter, resulting in a greater likelihood to breathe dust, soil and 
heavy vapors close to the ground.

•	Children are smaller and breathe more rapidly, resulting in higher doses of 
chemical exposure per body weight.

•	Children are more likely to swallow or drink water during bathing or when 
playing in and around water.

•	Children are more prone to mouthing objects and eating non-food items like 
toys and soil.

•	Children’s bodies are often different than adults’ bodies in their ability to 
process and remove chemicals to which they are exposed. 

Children depend on adults for risk identification and management decisions. 
The health-based screening values EHAP used for air, soil, water and sediment 
in this PHA were derived from health guidelines that incorporate a high level of 
protectiveness for children and other sensitive individuals.

To the extent possible with existing evidence, this PHA considers the special 
vulnerabilities of children. Children were identified as the most vulnerable to 
health problems caused by metals in the air and by PCBs and PAHs in Johnson 
Creek sediment. In each exposure scenario evaluated, EHAP used body weights 
and ingestion rates that are specific for children at different ages. EHAP also 
addressed special concerns around childhood exposures to carcinogens. Early 
childhood exposures to mutagenic carcinogens (those that cause genetic mutations 
in cells of the body) such as hexavalent chromium and PAHs were given extra 
weight because those early life exposures may have greater effect on lifetime 
cancer risks.

Children’s health



58 Conclusions | Public Health Assessment: Precision Castparts Corporation (PCC)

Based on currently available science, monitoring data and guidance from federal 
agencies, EHAP concludes:

Conclusion 1: Measured concentrations of metals in air near the Large 
Parts Campus are not likely to harm health. 

Cumulative exposure to all metals detected in the air around the Large Parts 
Campus may be predicted to elevate lifetime cancer risk by as many as 20 
additional cases of cancer per 1,000,000 people exposed continuously for a 
lifetime. EHAP considers this to be very low risk. The estimated cancer risk is 
similar for current conditions and for conditions prior to HEPA filter installation. 
These risk calculations are based on the cautious assumption that nickel detected 
in air monitoring is in its most toxic form. It is likely that nickel emissions from the 
facility are in an alloy form that may be less available to the body and therefore 
less carcinogenic.

Conclusion 2: Measured concentrations of metals in soil from areas 
around the Large Parts Campus are not likely to harm health. 

DEQ sampled soil near the facility, including locations near residences and in 
community gardens. No soil concentrations exceeded comparison values. 

Conclusion 3. Measured concentrations of chemicals in surface water of 
Johnson Creek are not likely to harm health. 

The levels of chemicals detected in surface water are below health-based 
comparison values designed to be protective of drinking water. TCE was detected 
at a level slightly above the cancer CV in one sample in 2009 but was not detected 
in subsequent samples. Johnson Creek, like many urban streams, has had high 
levels of bacteria that can make people sick. While bacteria in Johnson Creek is 
not a focus of this PHA and is not believed to be related to PCC Structurals, it has 
the potential to affect public health. 

Conclusion 4: Measured concentrations of PCBs and PAHs in the 
sediment of Johnson Creek near the storm water outfall are not likely to 
harm health of people who regularly come into contact with it. 

Weekly year-round exposure to sediment is not high enough to harm health. 
While extremely frequent (daily year-round) contact with Johnson Creek sediment 
could result in a slight increased risk of both non-cancer and cancer health 

Conclusions



59Public Health Assessment: Precision Castparts Corporation (PCC) | Conclusions

effects, the likelihood of this degree of contact is quite low. Risk calculations were based on 
cumulative exposure to maximum concentrations of all PCBs, PAHs and metals of potential 
concern detected in the creek. Each exposure was assumed to involve full contact of hands, 
forearms, feet and lower legs with sediment. The biggest health risk from this degree of 
contact with the creek is the potential for bacterial infections.

Conclusion 5: Residents may safely eat crayfish from Johnson Creek in moderation.

Based on cumulative risk from metals and PCBs, residents can eat up to five meals of Johnson 
Creek crayfish each month without exceeding health-protective exposure guidelines. 

Conclusion 6: There is insufficient information about historical air emissions of 
metals and solvents at the Large Parts Campus to calculate past health risks. 

No historical monitoring data are available to support a quantitative evaluation of potential 
health effects of previous exposures. Based on historical trends in emissions reported by PCC 
Structurals to EPA’s Toxic Release Inventory, we cannot rule out the possibility that past air 
concentrations could have been high enough to harm health. Emissions reported to TRI 
since 1987 indicate that emissions of some chemicals may have been 10 and 100 times higher 
than current emissions during some periods of PCC’s past operations. Historical emissions of 
trichloroethylene and tetrachloroethylene would have also contributed to past risks of cancer 
and developmental defects.
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Based on this analysis of the available information, this report does not 
identify any levels of exposure that are expected to harm public health 
and therefore (in accordance with ATSDR guidance), EHAP does not 
currently have any recommendations to reduce health risks.

Recommendations
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A public health action plan describes the specific actions EHAP has taken 
and will take with the goal of preventing and reducing people’s exposure to 
hazardous substances in the environment. EHAP has implemented or will 
implement the actions listed below in collaboration with community members 
and partner agencies.

Completed public health actions
Between the spring of 2016 and fall of 2018, EHAP:

•	Collaborated with Oregon DEQ on soil sampling plans and placement 
of air monitors following identification of elevated concentrations of some 
metals in moss around the Large Parts Campus to ensure that data would be 
representative of public health

•	Convened a community advisory committee to identify the health concerns and 
help guide the questions addressed in the PHA and met periodically with the 
committee to provide updates and receive feedback

•	Attended and participated in several community meetings organized by DEQ, 
community advocates and PCC Structurals to convey what we knew and didn’t 
know about health risks of air toxics around the Large Parts Campus at the time. 

•	Hosted a webinar to help residents understand when and how different types of 
public health investigations are used.

•	Held a public “SoilSHOP” event to screen community members’ soil from 
their gardens and provide guidance on best health practices when gardening in 
urban areas.

•	Provided healthy gardening resources to residents concerned about safety of 
gardening in potentially contaminated soil.

Public health action plan
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Planned public health actions
In the future, EHAP will:

•	Review air monitoring that takes place in the area around the Large Parts Campus

•	Continue working with DEQ on the statewide Cleaner Air Oregon effort that aims 
to implement regulations that ensure that all industrial facility emissions are below 
levels that may harm public health

•	Ensure this public health assessment is made available to all interested community 
members and stakeholders
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This public health assessment was prepared by the Oregon Environmental Health 
Assessment Program (EHAP) under a cooperative agreement with the federal Agency for 
Toxic Substances and Disease Registry (ATSDR). It is in accordance with the approved 
agency methods, policies and procedures existing at the date of publication. The document 
was reviewed by Oregon DEQ partners. 

This publication was made possible by Grant Number NU61TS000292 from the Agency 
for Toxic Substances and Disease Registry. Its contents are solely the responsibility of 
the authors and do not necessarily represent the official views of the Agency for Toxic 
Substances and Disease Registry or the Department of Health and Human Services.
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Figure B1. Map of DEQ air monitoring locations (courtesy of DEQ). Locations of three metal 
particulate monitors are labeled MJC, PFH and PHD. MJF is the meteorological monitoring 
location. Monitoring details available in the sampling and analysis plan (16).
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Figure B1. Map of DEQ air monitoring locations (courtesy of DEQ). Locations of three metal particulate monitors are labeled MJC, 
PFH and PHD. MJF is the meteorological monitoring location. Monitoring details available in the sampling and analysis plan (16). 
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Figure B3. Map of DEQ soil sampling locations (courtesy of DEQ). Details of sampling and 
analysis methods available in the soil sampling report (17).

Figure B2. Map of supplemental monitoring locations performed by Portland State University 
and PCC Structurals. PSU conducted monitoring in four residential areas, while PCC 
Structurals measured air concentrations in an area just south of their facility.
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Figure B2. Map of DEQ soil sampling locations (courtesy of DEQ). Details of sampling and analysis methods available in the soil 
sampling report (17). 
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Figure C1. Map of approximate US Forest Service moss sampling locations (screenshot from 
https://usfs.maps.arcgis.com/apps/webappviewer/index.html?id=14766acdb73e4eb194ba3ad
a0ce8539d).
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Figure C1. Map of approximate US Forest Service moss sampling locations (screenshot from 
https://usfs.maps.arcgis.com/apps/webappviewer/index.html?id=14766acdb73e4eb194ba3ada0ce8539d). 
 

In May 2015 the US Forest Service (USFS) shared with DEQ data analyzing moss samples 
USFS collected throughout the Portland metropolitan area in 2013. The map below shows 
eight collection sites in the general vicinity of the PCC Structurals facility located along 
Johnson Creek Boulevard near SE Harney Drive.
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Table C1. Percent rank of moss concentrations for selected metals detected near the Large 
Parts Campus in comparison with concentrations at all other Portland moss sampling locations. 
Percent ranks closer to 100 indicate higher concentrations relative to moss tested in 2013 at 
other locations in Portland

Approximate Location Nickel Chromium Cobalt Arsenic Lead

1. 32nd and Roswell 94% 56% 53% <1% 24%

2. 43rd and Howe 98% 51% 66% ND 16%

3. SE Stanley 99% 72% 84% ND 13%

4. SE Wichita Ave 95% 37% 81% ND 12%

5. SE Knapp and 62nd 96% 62% 82% 96% 62%

6. SE Rural and 57th 100% 88% 95% 90% 47%

7. SE Malden and 52nd 100% 99% 100% 99% 67%

8. Crystal Springs and 36th 95% 85% 91% 24% 68%

ND - Not Detected
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the PHA
Community participation helped identify public health concerns, define the scope of the PHA, check assumptions used in 
risk calculations and provide guidance on communication strategies for reaching the broader public. EHAP has taken the 
following steps to ensure meaningful community involvement throughout the PHA process:

Convened a community advisory committee (CAC). 
•	 Recruitment and composition: EHAP prioritized residents living in close proximity to the site (within 0.5-mile 

radius) and populations most sensitive and vulnerable to the effects of exposure to air emissions of metals. EHAP:

a.	 Created targeted CAC recruitment materials, 

b.	 Visited several community locations as part of an in-person outreach strategy, including: Roswell 
Market, 52nd Coin Laundry, Sparkles Laundromat, Impact NW at the Brentwood Darlington 
Community Center, Wichita Feed Store, Johnson Creek Market, Brookside Apartments, Brentwood 
Community Gardens, Lane Middle School and Ardenwald School,

c.	 Issued a press-release announcing the CAC recruitment, 

d.	 Recruited 13 CAC members representing diverse perspectives, including parents of young children, 
long-time residents of the neighborhood, residents with autoimmune and chronic health conditions, 
gardeners and small business owners. 

•	 CAC meeting logistics: EHAP convened three formal CAC meetings. To remove barriers for participation, EHAP 
held meetings outside of daytime work hours at a neighborhood location, served food for participants and 
allowed children. Meetings were held in the evening over the span of dinner mealtime hours (from 6:00 PM to 
8:00 PM). EHAP leveraged resources beyond the Agency for Toxic Substances and Disease Registry (ATSDR) 
Cooperative Agreement to provide food at every meeting. EHAP was not able to provide childcare at meetings. 
EHAP did not translate materials or directly target non-English speaking residents due to the limitations 
imposed by a tight timeline, funding and staff constraints. 

•	 CAC meeting content: The CAC meetings were structured to provide the opportunity for meaningful 
participation1. EHAP used evidence-based strategies for effective presentations and adult education (52). The 
content and training explained the PHA process. The presentations, interactive activities, handouts and visual 
displays were informed by learning objectives with the goal of increasing participants’ understanding of the 
PHA process. This allowed the PHA-CAC members to make informed decisions when advising EHAP on specific 
elements of the PHA process. Every meeting included time for community advisors to make suggestions, 
ask questions and share concerns. EHAP compiled list of CAC concerns, questions and advice and provided 
responses with resources. This information is summarized within the “Community concerns” section of this PHA.

•	 Ongoing dialogue with CAC members: Informal meetings and conversations have continued with some 
CAC members who have requested additional information. In addition, EHAP has kept CAC members apprised 
of timeline changes, PHA updates, opportunities for additional input and other relevant events (webinars, 
workshops, etc.). 

1	 “Meaningful participation” means engaging a diverse group of stakeholders who are representative of the communities 
that policies and programs will affect, not only in consultative roles to provide input, but also to co-plan or lead program 
development efforts, have access to data and resources to make informed decisions, have decision-making authority, 
and participate in the analysis of data and program effect efforts.
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Attended and Participated in Public Forums. Alongside local partners, EHAP participated in several public forums to 
learn more about community concerns and to communicate about the PHA process. These public meetings ranged in 
attendance from 30-200 people and occurred in 2016 and 2017. 

Provided online communication. To keep the public informed, EHAP created a webpage for the PCC Structurals Larger 
Parts Campus PHA at www.healthoregon.org/ehap. The page links to relevant documents, other PHAs and contact 
information for EHAP. It will continue to be updated as needed.

Responded to phone and email contact. EHAP had direct phone and email contact with several individuals through a 
dedicated phone line, personal contact with EHAP staff and the EHAP program e-mail. 

Community concerns
ATSDR developed its PHA protocols specifically to address community concerns related to environmental health. OHA 
follows these protocols under the terms of its ATSDR cooperative funding agreement that funds OHA’s Environmental 
Health Assessment Program. Through the Large Parts Campus Community Advisory Committee (CAC), public forums 
and phone and email communication with individuals, EHAP identified a set of environmental health concerns shared by 
community members. These concerns and responses from EHAP are summarized below.

Specific Exposure Scenarios
Community members wanted to understand risks associated with several specific exposure scenarios, including 
breathing the neighborhood air, gardening and eating local produce, playing in Johnson Creek and children’s exposures 
at nearby schools and daycares. Community members also asked EHAP to consider the effects to volunteer workers in 
the park and creek. 

This PHA evaluates the potential health risks of contact with air, water, soil and sediment measured around the Large Parts 
Campus. To evaluate risk, EHAP used ‘worst-case’ scenario assumptions about the frequency and intensity of exposure. 

To evaluate risk of exposure to emissions currently in the air, EHAP assumed neighbors of the Large Parts Campus are 
exposed to concentrations detected immediately surrounding the facility, 24 hours a day for a lifetime. Cancer risk of all 
air contaminants was evaluated cumulatively. Using these health-protective assumptions, EHAP concluded that current air 
emissions are not expected to harm health. Because air emissions generally decrease with distance from the source, this 
also means that there is little risk expected from air at homes, schools and parks farther away from the facility.

To evaluate risk from contact with contaminants in Johnson Creek sediment, EHAP assumed weekly year-round 
contact (or 4 times a week in the summer months only) that resulted in sediment containing the maximum chemical 
concentrations detected at any point in monitoring covering lower legs and feet, hands and forearms. Using these 
health-protective assumptions, EHAP concluded that the occasional contact with chemical contaminants in Johnson 
creek water and sediment that occurs during recreation and volunteering is not expected to pose a health risk. EHAP 
also considered an extreme exposure scenario assuming daily contact with sediment year-round. This extreme 
exposure scenario slightly increased lifetime cancer risk and non-cancer effects of nickel exposure, but EHAP is not 
aware of any individuals that come in contact with the Creek frequently enough for this to be a public health concern. 
Concentrations of contaminants detected in Johnson Creek surface water were below comparison values for water and 
are therefore not expected to harm health.

Concentrations of metals detected in soil surrounding the Large Parts Campus were below health-based comparison 
values for soil. These comparison values are designed to be protective of gardeners and children playing in the soil. 
EHAP concluded that exposure to soil through gardening, eating local produce, and playing in dirt is not expected to 
harm health. For those concerned about contaminants in soil, resources for safe gardening are available at www.
healthoregon.org/gardening.

Exposure pathways and risk calculations are described in greater detail in the “Health effects evaluation” section of this 
PHA and in Appendix G.

http://www.healthoregon.org/ehap
http://www.healthoregon.org/gardening
http://www.healthoregon.org/gardening
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Historical Exposures 
Community members want more information on historical exposures (including emergency releases of hazardous materials) 
that may have affected health. 

There is very limited information on the historical exposures to emissions from the Large Parts Campus. The “Health 
effects evaluation” section of this PHA includes a discussion of the potential for historical emissions to harm health based 
on emission rates reported by PCC Structurals to the EPA since 1987. However, the data have limitations and only provides 
information about general emissions trends. Based on reported emissions rates, it is possible that historical air emissions 
were high enough to harm health. However, there is no historical air monitoring data available. EHAP concludes there is 
insufficient data to support a quantitative assessment.

Similarly, there is limited information about the amount of exposure that may have occurred during accidental releases 
that occurred in the past. Emergency releases can result in high, short-term exposures. However, EHAP does not have 
information about exposures during these past events. EHAP is not able to address risks of accidental short-term 
exposures in this assessment.

Environmental monitoring data
Community members wanted to know whether monitoring station locations were appropriate for identifying the maximum 
concentrations people may be exposed to and whether there are any additional types of data that would help to inform 
potential health risks. They also wanted to know how monitoring distinguishes between different forms of nickel. 

DEQ selected air monitor locations (16) to capture metals concentrations near the source on three sides of the facility 
(Appendix B). The locations were selected based on information about emissions, wind directions and access to properties 
where monitors could be placed. Nearby weather stations collected data on wind direction and wind speed. Some 
community members expressed concern that DEQ’s monitoring locations were very close to the Large Parts Campus and 
may not adequately capture ‘worst case’ air concentrations if emissions spread farther through air before falling to the 
ground. Researchers at Portland State University also performed monitoring at additional locations farther away from the 
facility, on nearby residents’ properties that may provide more information about air concentrations near homes. 

Different species of nickel have different degrees of toxicity. However, the air monitoring data that are available around 
the Large Parts Campus report total nickel concentrations and do not distinguish between different species. To make 
assumptions that protect health, EHAP calculated potential health risks under the assumption that all the nickel detected is 
in a more toxic form.

Health outcomes
Community members expressed concerns about cancer rates in the neighborhood and asked about the availability of 
additional health outcome data. They also asked if other health outcomes in the neighborhood such as immune disorders, 
autism and other neurodevelopment conditions are related to air emissions. 

Health outcome data (i.e., incidence of health outcomes such as cancer) can sometimes help identify increased risk of 
disease among people affected by environmental exposures. Use of health outcome data in PHAs is determined based 
on specific guidance in ATSDR’s Public Health Assessment Guidance Manual (53). The main requirements for evaluating 
health outcome data are the presence of a completed human exposure pathway, contaminant levels high enough to result 
in measurable health effects, a sufficient number of people in the completed pathway for health effects to be measured, 
and a health outcome database in which disease rates for the population of concern can be identified (53). When these 
requirements are not met, a health outcome study is unlikely to be able to detect health effects in a community even if 
they are present.
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SPAQ made a formal request for a cancer analysis to be done using the Oregon State Cancer Registry (OSCaR). OHA 
denied the request because the situation does not meet its criteria for a cancer investigation. As described in OHA’s formal 
response to SPAQ’s request:

“The purpose of the Oregon State Cancer registry is two-fold: 1) to provide opportunities for Oregonians diagnosed 
with cancer to participate in scientific research projects aimed at improving the quality of cancer treatment; and 2) 
to monitor overall rates and trends in cancer in the population to target and evaluate prevention efforts. Its purpose 
is not to analyze cancer data to examine rates in small areas (neighborhoods) because such analyses do not yield 
useful information that assists in identifying environmental contaminants that people may be exposed to.”

OHA only conducts cancer investigations when all the following criteria are met: the cancer(s) of interest are rare, no 
environmental contaminants have already been identified as potential risk factors for cancer in the community, a defined 
geographic area is affected and the time period of concern for cancer diagnoses can be established. In this case, the 
cancers associated with the chemicals of concern are not rare and the contaminants of concern are defined (the chemicals 
emitted from the Large Parts Campus). In addition, a lack of information about the extent of individuals’ exposure would 
make it difficult to identify the specific population that should be included in the cancer analysis. We cannot determine 
how much carcinogen exposure a person near the Large Parts Campus may have had and are not able to control for other 
exposures that people farther from the facility may have had. Finally, the small population size of the communities around 
the Large Parts Campus would make it very difficult to detect increased cancer rates. If cancer rates in the community 
were higher than average, the cancer investigation would not be able to determine the cause; many different factors may 
contribute to cancer risk and cancer registry data cannot explain what caused any individual cancer case.

Cancer analysis is a public health tool that is helpful for estimating incidence of cancer across a large population. In 
contrast, health assessments that compare toxicology data to chemical concentrations detected in the environment are 
often a more sensitive tool for detecting potential health risks when changes in health outcomes are not yet detectable in 
the population. By comparing chemical concentrations in air, water, soil and sediment with health-protective concentrations 
identified by toxicologists, EHAP can estimate very low cancer risks (on the scale of 1 in 1 million). It would not be possible 
to detect these relatively small increases in cancer risk in a small population. 

There is no state registry to report diseases such as autoimmune disorders, autism and other neurodevelopmental 
problems to OHA. Therefore, it is not possible to determine if rates found in this neighborhood are more or less or the same 
as expected. 

In this PHA, we also explored recent scientific literature linking exposure to specific contaminants of concern at the Large 
Parts Campus with specific health outcomes of concern for community members. The potential health effects that have 
been identified for each chemical are described in Appendix F.

Biological Testing
Some community members expressed confusion about whether they should get their blood or urine tested and what the 
results would mean for their health. 

OHA did not recommend that community members seek medical testing. Blood and urine measurements are not accurate 
predictors of long-term exposure to several of the metals of concern around the Large Parts Campus (e.g. arsenic, 
chromium and nickel) because they do not stay in the body over long periods of time. Also, little is known about what 
specific concentrations of these metals in blood or urine mean for an individual’s health. However, OHA, along with 
Multnomah County Health Department, developed a clinician guidance document (available at http://www.oregon.gov/oha/
ph/newsadvisories/Documents/se-portland-metals-emissions-physician-guidance.pdf) to increase the likelihood that if a 
heavy metal medical test is performed, it is done correctly. This guidance also provides clinicians with information about 
how to interpret test results. The Northwest Pediatric Environmental Health Specialty Unit (NW PEHSU) can also help with 
interpretation, available at 206-221-8671 or visit the NW PEHSU website at www.depts.washington.edu/pehsu.

http://www.oregon.gov/oha/ph/newsadvisories/Documents/se-portland-metals-emissions-physician-guidance.pdf
http://www.oregon.gov/oha/ph/newsadvisories/Documents/se-portland-metals-emissions-physician-guidance.pdf
http://www.depts.washington.edu/pehsu
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Sensitive Populations
Community members wanted to know how factors that influence susceptibility (such as epigenetics) and sensitive 
populations (elderly, children and developing fetuses) would be addressed in the PHA. 

Many factors influence how an individual processes and responds to chemicals in the environment. Genetics, epigenetics 
(changes in how genes are expressed that can be passed down through generations), life-stage, cumulative chemical 
exposures, nutrition, stress, pre-existing disease and other factors can all interact in complex ways to influence our health. 
For example, children and developing fetuses can be particularly sensitive to chemical exposures because chemicals can 
change the way their bodies develop. 

To the extent possible with existing science, the health effects evaluation in this PHA is designed to be protective of the 
most sensitive populations. However, scientific understanding of how these factors influence health is still evolving. 

Because there is not enough information to support a quantitative assessment of the additional sensitivity of subgroups, 
we include a discussion of the factors that may influence susceptibility in the “Uncertainties and data gaps” section of 
this PHA.

Cumulative effects 
Community Advisory Members raised concerns over the effects of cumulative exposure to multiple chemicals and pathways 
as well as additive or synergistic effects from the contaminants of concern. 

In this PHA, when there were multiple chemicals with the potential to affect the same health outcomes, EHAP evaluated 
health effects of all chemicals cumulatively. To evaluate cancer risk associated with air emissions, EHAP evaluated cancer 
risk of all cancer-causing chemicals together. To evaluate cancer risk associated with Johnson Creek sediment, EHAP 
evaluated the cumulative cancer risk of all cancer-causing contaminants of concern that people may come in contact with 
through both skin contact and by swallowing. It is possible for chemicals to interact synergistically (to produce an effect 
that is greater than an additive effect), but there is no evidence that this is true for the chemicals evaluated in this PHA. 

The primary focus of this PHA is to assess health risks from the Large Parts Campus. EHAP acknowledges the concern for 
exposures from other sources. This PHA does not include an in-depth review of exposure risks from other sources beyond 
the site. The EPA Transportation and Air Quality and Health program developed frequently asked questions on this issue, 
available at: https://www3.epa.gov/otaq/nearroadway.htm. 

Risk communication
Community members expressed concerns about contamination in Johnson Creek. Some community members requested 
that signage be posted, warning of health risks due to bacteria or chemicals. Community members also noted that DEQ and 
OHA need clearer communication with the public. 

Based on the results of EHAP’s health assessment, occasional contact with chemical contaminants detected in Johnson 
Creek water and sediment are not expected to harm health. EHAP does not recommend posting warning signs about 
chemical contamination. However, like many urban streams, Johnson Creek frequently exceeds safe levels of bacterial 
contamination. Risk of bacterial infections is beyond the scope of EHAPs typical work to evaluate chemical risks, but EHAP 
recommends that community members take appropriate precautions when coming in contact with Johnson Creek and all 
urban streams to prevent bacterial infection. Specifically, people should avoid getting water from urban streams in their 
mouths and use clean water to wash any parts of their bodies that come in contact with the stream, particularly before 
eating or drinking.

https://www3.epa.gov/otaq/nearroadway.htm
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DEQ uses water quality standards for bacteria to evaluate safety of coastal water for recreational use: https://www.oregon.
gov/deq/wq/Pages/WQ-Standards-Bacteria.aspx

OHA’s Beach monitoring program provides information on health risks from bacteria in water and recommendations 
for reducing risk: https://www.oregon.gov/oha/PH/HEALTHYENVIRONMENTS/RECREATION/BEACHWATERQUALITY/
Documents/pocketbrochure.pdf) 

Emergency Preparedness
Community members expressed concern around PCC Structurals’s emergency procedures, material storage and shut down 
in the event of a disaster at the Large Parts Campus. They want to know whether their chemical storage facilities are built 
to withstand an earthquake and how chemical releases would be prevented in an emergency. There was of particular 
concern around the potential health effects from sudden releases of materials onsite in the event of an emergency. 

PCC Structurals has posted some information on emergency planning in the FAQ section of its community outreach 
website (54). The company reports it has a ‘Contingency and Emergency Response Plan’ that “includes but is not limited 
to: shutting off all utilities to prevent fire potential using backup generators to keep critical emissions controls operating. 
Chemicals are stored within secondary containment (e.g. lined concrete vaults).” Secondary containment practices and 
spill prevention and response plans are described in the Storm Water Pollution Control Plan submitted to DEQ (55). The 
company also reports participation in meetings with the Local Emergency Planning Committee. 

Community members concerned about emergency preparedness may consider contacting the Multnomah County or 
Clackamas County Local Emergency Planning Committee. Contact information is available at:

https://www.oregon.gov/OSP/SFM/pages/local_emergency_planning_committees.aspx

The DEQ air program does not regulate emergency preparedness and does not have documentation of PCC Structurals’s 
emergency response plans. 

Noises and Odors
Community members expressed concern over loud grinding noises and odors coming from the site. They also expressed a 
desire for a better understanding of what all the stacks at the Large Parts Campus are used for and greater transparency 
about PCC Structurals’s processes and emissions. 

EHAP cannot identify if any odor is coming from the facility. DEQ enforces nuisance odor complaints in Oregon. EHAP 
encourages communities to file nuisance odor related complaints with DEQ, see resources to do so below:

•	 DEQ Odors Complaint Online Form http://www.deq.state.or.us/complaints/dcomplaint.aspx 

•	 OHA Odors fact sheet https://public.health.oregon.gov/HealthyEnvironments/HealthyNeighborhoods/
ToxicSubstances/Documents/OdorsAndYourHealth_Final.pdf

•	 ATSDR Odors Resources https://www.atsdr.cdc.gov/odors 

The state of Oregon has noise standards (OAR 340, Division 35) that are enforced by local agencies. Neighbors that are 
disturbed by noise at the Large Parts Campus can contact city and county officials: 

•	 Portland Noise Control Program: https://www.portlandoregon.gov/oni/63242

•	 City of Milwaukie: https://www.milwaukieoregon.gov/police/code-enforcement-complaint-form

https://www.oregon.gov/deq/wq/Pages/WQ-Standards-Bacteria.aspx
https://www.oregon.gov/deq/wq/Pages/WQ-Standards-Bacteria.aspx
https://www.oregon.gov/oha/PH/HEALTHYENVIRONMENTS/RECREATION/BEACHWATERQUALITY/Documents/pocketbrochure.pdf
https://www.oregon.gov/oha/PH/HEALTHYENVIRONMENTS/RECREATION/BEACHWATERQUALITY/Documents/pocketbrochure.pdf
https://www.oregon.gov/OSP/SFM/pages/local_emergency_planning_committees.aspx
http://www.deq.state.or.us/complaints/dcomplaint.aspx
https://public.health.oregon.gov/HealthyEnvironments/HealthyNeighborhoods/ToxicSubstances/Documents/OdorsAndYourHealth_Final.pdf
https://public.health.oregon.gov/HealthyEnvironments/HealthyNeighborhoods/ToxicSubstances/Documents/OdorsAndYourHealth_Final.pdf
https://www.atsdr.cdc.gov/odors
https://www.portlandoregon.gov/oni/63242
https://www.milwaukieoregon.gov/police/code-enforcement-complaint-form
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Appendix E. Comparison values and 
contaminant screening
This appendix defines the various comparison values (CVs) that were used in this Public Health Assessment and describes 
the hierarchy by which they were chosen. It also includes more detailed screening tables for environmental monitoring 
data near the Large Parts Campus. This process is also explained in Chapter 7 of ATSDR’s Public Health Assessment 
Guidance Manual (53). ATSDR uses the hierarchy shown in Figure A1 to choose CVs for screening purposes. CVs used in 
this document are listed below:

Environmental Media Evaluation Guides (EMEGs)
EMEGs are an estimate of contaminant concentrations low enough that ATSDR would not expect people to have a negative, 
non-cancerous health effect. EMEGs are based on ATSDR Minimal Risk Levels (MRLs, described below) and conservative 
assumptions about the public’s contact with contaminated media, such as how much, how often and for how long 
someone may be in contact with the contaminated media. EMEGs also account for body weight.

Cancer Risk Guides (CREGs)
CREGs are estimated contaminant concentrations that would be expected to cause no more than one excess cancer in 
a million (10-6) persons exposed during their lifetime (70 years). ATSDR’s CREGs are calculated from EPA’s cancer slope 
factors (CSFs) for oral exposures or unit risk values for inhalation exposures. These values are based on EPA evaluations 
and assumptions about hypothetical cancer risks at low levels of exposure.

Reference Dose Media Evaluation Guides (RMEGs)
ATSDR derives RMEGs from EPA’s oral reference doses, which are developed based on EPA evaluations. RMEGs 
represent chemical concentrations in water or soil at which daily human contact is not likely to cause negative, non-
cancerous health effects.

Minimal Risk Levels (MRLs)
A MRL is an estimate of daily human exposure – by a specified route and length of time - to a dose of a chemical that is 
likely to be without a measurable risk of negative, non-cancerous effects. MRLs are based on ATSDR evaluations. Acute 
MRLs are designed to evaluate exposures lasting 14 days or less. Intermediate MRLs are designed to evaluate exposures 
lasting from 15-364 days. Chronic MRLs are designed to evaluate exposures lasting for 1 year or longer. 

Oral exposures (swallowing the contaminant) are measured in milligrams per kilogram per day [mg/kg/day] and inhalation 
exposures (breathing the contaminant) are measured in parts per billion [ppb] or micrograms per cubic meter [μg/m3].

Maximum Contaminant Levels (MCL)
MCLs are derived by EPA as enforceable standards for municipal water systems. These standards are not strictly health-
based but are set as close to the maximum contaminant level goals (MCLGs) (health goals) as is feasible and are based 
upon treatment technologies, costs (affordability) and other feasibility factors, such as the availability of analytical 
methods, treatment technology and costs for achieving various levels of removal.

Regional Screening Levels (RSLs)
RSLs are contaminant concentrations in soil, water and air, below which any negative health effects would be unlikely. 
RSLs are derived by EPA’s Region 3 Office using

EPA’s reference doses (RfDs) and cancer slope factors (CSFs). This ensures that RSLs consider both non-cancer and 
cancer risks. RSLs are available online at: (http://www.epa.gov/reg3hwmd/risk/human/rbconcentration_ table/Generic_
Tables/index.htm)

http://www.epa.gov/reg3hwmd/risk/human/rbconcentration_ table/Generic_Tables/index.htm
http://www.epa.gov/reg3hwmd/risk/human/rbconcentration_ table/Generic_Tables/index.htm
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Appendix F. Contaminants of concern 
and health guideline values used
The chemicals described here were identified as contaminants of concern in the screening portion of this PHA. 

Arsenic. Arsenic is a naturally-occurring metal widely distributed in soil. Most arsenic compounds have no smell or special 
taste (39). Arsenic’s toxicity has been recognized since ancient times, and scientists are continuing to learn more about 
how it works and its additional toxic effects on human health. Arsenic is a known cancer-causing chemical. The types 
of cancer most often associated with arsenic exposure are skin, bladder and lung (when inhaled) cancers (39). At higher 
doses, arsenic can also cause skin conditions that involve discoloration and hardening of the skin as well as appearance 
of corns or warts on the palms, soles and torso (39). In addition to these effects on the skin, arsenic can also cause nerve 
damage (numbness in the extremities) at high doses and more subtle effects on the brain at lower doses over a long time 
(39).

There is some evidence that inhaled or ingested inorganic arsenic can injure pregnant women or their unborn babies, 
although the studies are not definitive. We do not know if absorption of inorganic arsenic from the gut in children differs 
from adults. There is some evidence that exposure to arsenic in early life (including gestation and early childhood) may 
increase mortality in young adults. Studies in animals show that large doses of inorganic arsenic that cause illness in 
pregnant females can also cause low birth weight, fetal malformations and even fetal death. There is also some evidence 
that suggests that long-term exposure to inorganic arsenic in children may result in lower IQ scores. Arsenic can cross the 
placenta and has been found in fetal tissues. Arsenic is found at low levels in breast milk. 

Soil sampling performed around the Large Parts Campus detected levels of arsenic above ATSDR’s CREG for soil. However, 
the levels of arsenic measured in soil were not different from background levels measured in the Portland area. These 
background levels are due to Oregon’s unique volcanic geology – volcanic soils naturally contain high levels of metals such 
as arsenic and mercury. The background levels in Portland are similar to background levels statewide. Most (if not all) soils 
in Oregon will have levels of arsenic that are higher than health screening and cleanup levels. Because normal background 
levels of arsenic in soil are often above the conservative ATSDR CREG, ATSDR recommends using the ATSDR child EMEG 
for non-cancer risk of exposure to soil as the comparison value for evaluating public health effects at contaminated sites. 

Comparison values for arsenic
•	 Inhalation CVs. The comparison value used for air exposure to arsenic in this PHA is the ATSDR CREG of 

0.23ng/m3 for a 1 in 1 million lifetime cancer risk. The CREG is lifetime cancer risk values derived from EPA’s 
inhalation unit risk for arsenic of 4.3(ng/m3)-1 designed to be protective of lung cancer in people. Non-cancer 
comparison values are not available for inhalation of arsenic (39).

•	 Ingestion CVs. The comparison value used for arsenic exposure in soil and sediment in this PHA is ATSDR’s 
child EMEG for chronic exposure, 17 mg/kg (ppm). This chronic non-cancer comparison value is derived from 
EPA’s reference dose of 0.3ug/kg/day and is designed to be protective of effects on the heart and skin (39). An 
alternate CV is the ATSDR CREG for arsenic lifetime cancer risk in soil and sediment, 0.25 mg/kg (ppm). This 
conservative (health-protective) cancer risk value is below natural background concentrations of arsenic found 
in soil across the country. ATSDR therefore recommends using the EMEG for chronic child exposures instead of 
the CREG as a comparison value for public health assessments. 

Cadmium. Cadmium is a soft, silver-white metal that occurs naturally in the earth’s crust. Cadmium is not usually present 
in the environment as a pure metal, but as a mineral combined with other elements. It is most often present in nature as 
complex oxides, sulfides and carbonates in zinc, lead and copper ores. Cadmium has many industrial uses and is used in 
consumer products including batteries, pigments, metal coatings, plastics and some alloys (57).
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Low levels of cadmium are present in most foods with the highest levels present in shellfish, liver and kidney meats (57). 
Cigarette smoke also contains cadmium and can double the daily intake when compared to a non-smoker. Ingestion of 
high levels of cadmium in contaminated food or water can severely irritate the stomach, leading to vomiting and diarrhea, 
and sometimes death. Cadmium is a cumulative toxicant and ingestion of lower levels for a long period (above the chronic 
Minimal Risk Level [MRL] of 10 ng/m3) of time can lead to a buildup of cadmium in the kidneys and, possibly, kidney 
damage. The kidney is the main target organ for cadmium toxicity following chronic-duration exposure by both oral 
and inhalation routes. Cadmium interferes with proper functioning of the kidney by damaging the proximal tubules and 
impairing the kidneys’ ability retain and resorb large molecules. Cadmium also prevents the kidney from retaining calcium, 
so prolonged exposure can lead to calcium depletion and loss of bone density (57). 

A few studies in animals indicate that younger animals absorb more cadmium than adults. Animal studies also indicate 
that the young are more susceptible than adults to a loss of bone and decreased bone strength from exposure to 
cadmium. Cadmium is found in breast milk and a small amount will enter the infant’s body through breastfeeding. The 
amount of cadmium that can pass to the infant depends on how much exposure the mother may have had. We do not 
know whether cadmium can cause birth defects in people. Studies in animals exposed to high enough levels of cadmium 
during pregnancy have resulted in harmful effects in the young. The nervous system appears to be the most sensitive 
target. Young animals exposed to cadmium before birth have shown effects on behavior and learning. There is also some 
information from animal studies that high enough exposures to cadmium before birth can reduce body weights and affect 
the skeleton in the developing young (57). 

There is some evidence to suggest an association between cadmium and breast cancer. One analysis of multiple case-
control studies in people found that each 0.5-µg/g creatinine increment of urinary cadmium concentration was associated 
with a 66% increased risk of breast cancer (58). While evidence from epidemiological studies have been inconsistent, 
the association is plausible based on evidence from laboratory studies indicating that cadmium may influence estrogen 
signaling (59) (60).

There is also some evidence that cadmium may impair brain development. Young animals exposed to cadmium before 
birth have shown effects on behavior and learning (57). Recent epidemiological studies have found limited evidence of 
similar effects in people. For example, a study in China found an association between cadmium in mothers’ blood during 
pregnancy and delayed development in infants (61). In a study of children in Greece, elevated maternal urinary cadmium 
concentrations (≥0.8 µg/L) during pregnancy were associated with lower cognitive scores, though in that study the effect 
was limited to mothers who smoked (62). There is also evidence that exposure to lead and cadmium during pregnancy may 
act synergistically to affect brain development (63).

There is insufficient peer-reviewed data on the association between cadmium and breast cancer and cadmium and brain 
development to support a quantitative evaluation of their risks in this PHA. The potential effect of cadmium on these other 
health endpoints should be evaluated in the context of potential cumulative effects from other chemicals. For example, if 
cadmium affects brain development, concurrent exposures to cadmium and lead in the air around the Large Parts Campus 
could have had cumulative or synergistic effects.

The exposure route of concern for cadmium in this PHA is inhalation of contaminated air. The EPA has classified cadmium 
as a probable human carcinogen by inhalation. This is based on limited evidence of an increase in lung cancer in humans 
from occupational exposure to cadmium fumes and dust. This is further supported by evidence of lung cancer in rats (57).

Comparison values for cadmium
•	 Inhalation CVs. The comparison value used for air exposure to cadmium in this PHA is the ATSDR CREG 

of 0.56 ng/m3 for a 1 in 1 million lifetime cancer risk. This lifetime cancer risk is derived from EPA’s 
inhalation unit risk for cadmium, 1.8 (ng/m3)-1, designed to be protective of respiratory cancers. The non-
cancer comparison value used for cadmium is the ATSDR chronic EMEG of 10 ng/m3, based on the ATSDR 
inhalation MRL, designed to be protective of chronic effects on the kidney (57).
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•	 Ingestion CVs. The comparison value used for soil and sediment exposure to cadmium in this PHA is 
the ATSDR chronic EMEG of 5.7 mg/kg (ppm). This chronic non-cancer risk value is based on the ATSDR 
ingestion MRL and is designed to be protective of chronic effects on the kidney (57). There are no cancer risk 
comparison values available for exposure to cadmium through ingestion.

Hexavalent chromium. Chromium is a naturally occurring element found in rocks, animals, plants, and soil. It can exist 
in several different forms. The trivalent form and hexavalent form are the most common forms of chromium measured in 
the environment. Hexavalent chromium is substantially more toxic than trivalent (35). Small amounts of trivalent chromium 
are considered necessary for human health. Chromium can easily change from one form to another in water and soil, 
depending on the conditions present. Chromium is widely used in manufacturing and is found in products such as treated 
wood, tanned leather and stainless-steel cookware (35).

The main health problems seen in animals following ingestion of hexavalent chromium are anemia and irritation and 
ulcers in the stomach and small intestine. Trivalent chromium compounds are much less toxic and do not appear to cause 
these problems. Sperm damage and damage to the male reproductive system have also been seen in laboratory animals 
exposed to hexavalent chromium. Skin contact with certain hexavalent chromium compounds can cause skin ulcers (35). 
Some people are extremely sensitive to hexavalent chromium or trivalent chromium. Allergic reactions consisting of severe 
redness and swelling of the skin have been noted.

ATSDR, the International Agency for Research on Cancer (IARC) and EPA have determined that hexavalent chromium 
compounds are “known” human carcinogens through the exposure route of inhalation. In workers, inhalation of hexavalent 
chromium has been shown to cause lung cancer. Hexavalent chromium also causes lung cancer in animals. An increase in 
stomach tumors was observed in humans and animals exposed to hexavalent chromium in drinking water (35).

Children are more sensitive than adults to the cancer effects because hexavalent chromium has a “mutagenic mode of 
action” (64). This means that the carcinogen reacts and binds to the DNA in our cells (65). Children are assumed to be at 
increased risk for cancer and tumor development following exposure to mutagenic compounds because their bodies are 
growing – their cells are rapidly replicating during this time. It is thought that a child’s DNA repair mechanisms may not be 
able to keep up with the rapid cell replication (65).

Scientific studies of chromium haven’t fully demonstrated if exposure to chromium could result in birth defects or other 
developmental effects in people. Some developmental effects have been observed in animals exposed to hexavalent 
chromium. In animals, some studies show that exposure to high doses during pregnancy may cause miscarriage, low 
birth weight and some changes in development of the skeleton and reproductive system. Birth defects in animals may be 
related, in part, to chromium toxicity in the mothers (35).

Comparison values for hexavalent chromium
•	 Inhalation CVs. The comparison value used for air exposure to hexavalent chromium in this PHA is the ATSDR 

CREG of 0.052 ng/m3 for a 1 in 1 million lifetime cancer risk. This lifetime cancer risk value is based on EPA’s 
inhalation unit risk for hexavalent chromium, 1.2 (ug/m3)-1 designed to be protective of lung cancer. The non-
cancer comparison value used for hexavalent chromium is the ATSDR chronic EMEG of 5 ng/m3, based on the 
ATSDR inhalation MRL designed to be protective of upper respiratory effects (35).

•	 Ingestion CVs. The comparison value used for soil and sediment exposure to hexavalent chromium is ATSDR’s 
EMEG, 51 mg/kg (ppm). This EMEG is derived from ATSDR’s chronic ingestion MRL, based on intestinal effects 
in mice (35). There are no cancer risk comparison values available for exposure to hexavalent chromium 
through ingestion.

Nickel. Pure nickel is a hard, silvery-white metal, which has properties that make it very desirable for combining with 
other metals to form mixtures called alloys. Some of the metals that nickel can be alloyed with are iron, copper, chromium 
and zinc. The toxicity of nickel may vary with the specific form it takes and the route of exposure (66). Nickel and its 
compounds have no characteristic odor or taste. The nickel that comes out of the stacks of power plants attaches to 
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small particles of dust that settle to the ground or are taken out of the air in rain or snow. It usually takes many days 
for nickel to be removed from the air. If the nickel is attached to very small particles, it can take more than a month to 
settle out of the air.

Primary targets of toxicity appear to be the respiratory tract following inhalation exposure, the immune system following 
inhalation, oral, or dermal exposure, and possibly the reproductive system and the developing organism following oral 
exposure. The most common harmful health effect of nickel in humans is an allergic reaction. Approximately 10–20% of 
the population is sensitive to nickel. Once a person is sensitized to nickel, further contact with the metal may produce a 
reaction (66). 

The most serious harmful health effects from exposure to nickel are respiratory effects such as chronic bronchitis, reduced 
lung function and cancer of the lung and nasal sinus. The International Agency for Research on Cancer and the US EPA 
have concluded that some forms of nickel are carcinogenic to humans (66). Effects of nickel on the respiratory system 
have been documented in animal studies and in people who have breathed dust containing certain nickel compounds while 
working in nickel refineries or nickel-processing plants. The levels of nickel in these workplaces were much higher than 
usual (background) levels in the environment (66). 

We do not know whether children differ from adults in their susceptibility to nickel. Human studies that examined whether 
nickel can harm the developing fetus are inconclusive. Animal studies have found increases in newborn deaths and 
decreases in newborn weight after ingesting nickel. These doses are 1,000 times higher than levels typically found in 
drinking water. It is likely that nickel can be transferred from the mother to an infant in breast milk and can cross the 
placenta (66). 

Developing lungs may be particularly susceptible to chemicals that affect respiratory health. There is some evidence 
that children exposed to other forms of air pollution during gestational development and early life are more likely to have 
decreased lung function and asthma later in life (67) (68). 

Nickel used in manufacturing at the Large Parts Campus is in an alloy form. There is some evidence that alloys may 
be less bioavailable and therefore less toxic than nickel alone (40). However, nickel monitoring of ambient air near the 
facility only provides information about total nickel concentrations and does not distinguish between forms of nickel. 
To be health protective, this health assessment starts from a “worst case” scenario in which all nickel detected is in a 
more bioavailable form. 

The peer-reviewed comparison values used for this PHA may not reflect all the latest research or protect against potential 
health effects that are currently being studied by scientists. For example, a few recent studies indicate that nickel in 
air may increase risk of asthma symptoms in children. In one study, a 14 ng/m3 increase in nickel concentrations was 
associated with a 28% increase in risk of wheeze in children under 2 years old (69). In another study, a 4 ng/m3 increase 
in nickel concentrations was associated with an 11% increase in risk of asthma symptoms in adolescents (70). In both 
studies, other metals were also present in air, making it difficult to establish the degree to which the effect is due to nickel 
alone or in combination with other exposures. Other studies have found an association between nickel in air and risk 
of nickel sensitivity. A study in Germany found that children consistently exposed to nickel concentrations above 12 ng/
m3 were four times more likely to develop an immune sensitivity to nickel than children exposed to less than 2.5ng/m3 
nickel in air (71). These studies suggest the potential for nickel to have respiratory and immune effects at concentrations 
comparable to what has been detected near the Large Parts Campus. However, these studies alone do not provide 
conclusive evidence that nickel causes these symptoms and could not be used to support quantitative health effects 
analysis in this PHA. Generally, findings from new studies must be replicated and corroborated by other studies with 
different designs, settings and populations before previously established guidelines or standards can be updated.
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Comparison values for nickel
•	 Inhalation CVs. The comparison value used for air exposure to nickel in this PHA is EPA’s residential screening 

level of 4ng/m3 in air for a 1 in a million cancer risk. This value is derived from EPA’s inhalation unit risk for 
cancer risk of nickel of 0.24 (ng/m3)-1 based on data on cancer risk from occupational exposure to nickel 
refinery dust. Non-cancer risk was evaluated using ATSDR chronic minimal risk level of 90 ng/m3 designed to 
be protective of effects of nickel sulfate on the respiratory system (66).

•	 Ingestion CVs. The comparison values used for water, soil and sediment exposures in this PHA are ATSDR’s 
chronic RMEGs for soil and water. These values are derived from EPA’s oral reference dose for nickel ingestion 
of 0.02 mg/kg/day and is designed to be protective of long-term effects of nickel soluble salts on decreased 
body weight (66). 

Polycyclic aromatic hydrocarbons. Polycyclic aromatic hydrocarbons (PAHs) are a group of chemicals that are formed 
during the incomplete burning of coal, oil, gas, wood, garbage and other organic substances, such as tobacco and 
charbroiled meat. There are more than 100 different PAHs. PAHs generally occur as complex mixtures (for example, as 
part of combustion products such as soot), not as single compounds (72). 

Several of the PAHs, including benz[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene, benzo[j]fluoranthene, benzo[k]
fluoranthene, chrysene, dibenz[a,h]anthracene and indeno [1,2,3-c,d]pyrene, have caused tumors in laboratory animals 
when they breathed these substances in the air, when they ate them and when they had long periods of skin contact 
with them. Studies of people show that individuals exposed by breathing or skin contact for long periods to mixtures that 
contain PAHs and other compounds can also develop cancer. Mice fed high levels of benzo[a]pyrene during pregnancy 
had difficulty reproducing and so did their offspring. The offspring of pregnant mice fed benzo[a]pyrene also showed other 
harmful effects, such as birth defects and decreased body weight. Similar effects could occur in people, but we have no 
information to show that these effects do occur (72). 

In health assessments, PAHs are typically evaluated as a group because they affect the same health outcomes. The EPA has 
established ‘relative potency factors’ that relate the potency of each carcinogenic PAH to the potency of benzo[a]pyrene (56). 
Relative potency factors are used to weight each PAH according to its potency in evaluation of ‘total PAH’ toxicity.

In this PHA, PAHs are evaluated because they were measured in Johnson Creek sediment at concentrations above health-
based screening levels for soil. While there is no indication that they originated from the Large Parts Campus, they do 
contribute to the potential health effects of contact with sediment. They are therefore included in the health effects evaluation.

Comparison values for PAHs
•	 Inhalation CVs. PAH’s in air were not evaluated in this PHA.

•	 Ingestion and dermal contact CVs. The comparison value used for sediment exposure to PAHs in this PHA is 
the ATSDR ingestion CREG for the PAH benzo(a)pyrene 0.12 mg/kg (ppm) for a 1 in 1 million lifetime cancer risk. 
This lifetime cancer risk value is derived from EPA’s cancer slope factor for benzo(a)pyrene. The non-cancer 
effects of benzo(a)pyrene were evaluated against the EPA reference concentration for ingestion of 0.3 ug/kg/
day, which is designed to be protective of neurodevelopmental effects of exposure during pregnancy (72).

Polychlorinated Biphenyls. Polychlorinated Biphenyls (PCBs) are a group of synthetic organic chemicals that can cause 
several different harmful effects. There are no known natural sources of PCBs in the environment. PCBs are either oily 
liquids or solids and are colorless to light yellow. They have no known smell or taste. PCBs enter the environment as 
mixtures containing a variety of individual chlorinated biphenyl components, known as congeners, as well as impurities. 
Once in the environment, PCBs do not readily break down and therefore may remain for very long periods of time. Small 
amounts of PCBs can be found in almost all outdoor and indoor air, soil, sediments, surface water and animals. Health 
effects that have been associated with exposure to PCBs in humans and/or animals include liver, thyroid, dermal and 
ocular changes, immunological alterations, neurodevelopmental changes, reduced birth weight, reproductive toxicity and 
cancer. Some PCBs can mimic or block the action of hormones from the thyroid and other endocrine glands. Because 
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hormones influence the normal functioning of many organs, some of the effects of PCBs may result from endocrine 
changes (73). 

Studies of workers provide evidence that PCBs were associated with certain types of cancer in humans, such as cancer 
of the liver and biliary tract. Rats that ate commercial PCB mixtures throughout their lives developed liver cancer. Based 
on the evidence for cancer in animals, the Department of Health and Human Services (DHHS) has stated that PCBs may 
reasonably be anticipated to be carcinogens. Both EPA and the International Agency for Research on Cancer (IARC) have 
determined that PCBs are probably carcinogenic to humans (73).

Children can be exposed to PCBs both prenatally and from breast milk. PCBs are stored in the mother’s body and can 
be released during pregnancy, cross the placenta and enter fetal tissues. PCBs dissolve readily in fat, meaning they 
can accumulate in breast milk fat and be transferred to babies and young children. Because the brain, nervous system, 
immune system, thyroid, and reproductive organs are still developing in the fetus and child, the effects of PCBs on these 
target systems may be more profound after exposure during the prenatal and neonatal periods, making fetuses and 
children more susceptible to PCBs than adults (73). 

The potential health effects of PCBs are typically evaluated as a group because they affect common health endpoints. In 
this PHA we add the concentrations of all PCBs detected to determine ‘total PCB’ concentrations.

Comparison values for PCBs
•	 Inhalation CVs. PCBs in air were not evaluated in the PHA.

Ingestion and dermal contact CVs. The comparison value used for sediment exposure to PCBs in this PHA is the ATSDR 
ingestion CREG of 0.19 mg/kg (ppm) for a 1 in 1 million lifetime cancer risk. This lifetime cancer risk value is derived 
from EPA’s cancer slope factor for PCBs. The non-cancer effects of PCBs were evaluated against the EPA reference 
concentration for ingestion of 0.02 ug/kg/day, which is designed to be protective of immunological and developmental 
effects (73).
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Appendix G. Dose and risk calculations
This appendix describes the formulas, methods and assumptions used to calculate doses of contaminants of concern that 
may occur under different exposure scenarios. It also presents detailed summaries of health risk calculation results for 
each scenario. The doses calculated here were used to calculate the risk for people exposed in these scenarios and to 
determine whether they are at higher risk of illness because of contaminants at or around the Large Parts Campus. 

Exposure Dose Calculation Methods
Exposure doses were calculated for each exposure scenario using the equations and assumptions described below.

Dose from exposure to air (chronic exposure)

This formula was used to calculate exposure concentration of metals from inhaling air from the area around the Large 
Parts Campus:

Exposure 
Concentration =

CA x ET x EF x ED
AT

	

CA = Chemical-specific 95% UCL of median concentration measured in air (µg/m3)

ET = Exposure Time (hours/day)

EF = Exposure frequency (days/year)

ED = Exposure duration (years)
ATcancer = Averaging time for cancer (hours over a 78-year lifetime)
ATnon-cancer = Averaging time for non-cancer (hours over exposure duration)

Dose from exposure to sediment (chronic exposure)

Via ingestion of sediment

This formula was used to calculate exposure doses to PCBs, PAHs and nickel from ingestion of Johnson Creek sediment: 

Ingested Dose (mg/kg/day) =
C x IR x EF x CF

BW

C = Contaminant concentration in soil or sediment (mg/kg)

IR = Intake rate of contaminated soil or sediment (mg/day)

EF = Exposure factor (unitless) = (F x ED )/ AT

F= Exposure frequency (days/year)

ED= Exposure duration (years)

ATCancer= Averaging Time for cancer (days/78 year lifetime)

ATnon-cancer= Averaging Time for non-cancer (days/exposure duration)

CF = Conversion factor (10-6 kg/mg)

BW = Body weight (kg)
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Via absorption through skin 

This formula was used to calculate exposure doses to PCBs, PAHs from skin contact with Johnson Creek sediment: 

Dermal Absorbed Dose (mg/kg/day) =
C x EF x CF x AF X ABSd x SA

BW x ABSgi

C = Contaminant concentration in soil or sediment (mg/kg)

EF = Exposure factor (unitless) = (F x ED)/AT

F= Exposure frequency (days/year)

ED= Exposure duration (years)

ATCancer= Averaging Time for cancer (days/78 year lifetime)

ATnon-cancer= Averaging Time for non-cancer (days/exposure duration)

CF = Conversion factor (10-6 kg/mg)

AF = Adherence factor of soil or sediment to skin (mg/cm2)

ABSd = Dermal absorption fraction

SA = Surface area available for contact

BW = Body weight (kg)

ABSgi = Gastrointestinal absorption

Non-cancer vs. Cancer Averaging Times

Methods for calculating doses for use in assessing non-cancer risk and for cancer risk are identical except the way in 
which averaging time (AT) is calculated. The rationale for this difference in AT lies in the theory that cancer is the result of 
multiple defects/mutations in genetic material accumulated over an entire lifetime while non-cancer risks generally occur 
only when exposure is ongoing.

Non-cancer averaging time is limited to the duration of the exposure: 

ATnon-cancer = Exposure duration (years) x 365 (days/year) x 24 (hours/day)

Cancer averaging time represents an entire statistical lifetime (78 years) for agents that cause cancer. 

ATcancer = 78 (years/lifetime) x 365 (days/year) x 24 (hours/day) = 683,280 hours
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Health Risk Calculation Methods
Once exposure doses were calculated for each exposure pathway, health risks were evaluated for cancer and non-cancer 
effects using the following equations. 

Cancer risk calculation:

For cancer-causing chemicals, EPA uses evidence from scientific research to estimate the amount of increased lifetime 
cancer risk associated with each additional unit of exposure. These estimates are known as Cancer Slope Factors (CSF) for 
chemicals ingested or absorbed through skin and Inhalation Unit Risks (IUR) for chemicals in air. 

Cancer risk is calculated separately for each age group (i.e., birth to <1 year, 1 to <2 years, 2 to <6 years, 6 to <11, 11 to 
<16 years, 16 to <21 years, ≥21 years) based on age-specific exposure factors (e.g., body weight, soil ingestion rate, etc.). 
For example, children consume more soil than adults so daily intake of soil or sediment is assumed to be higher for early 
life exposures. Lifetime cancer risk from many years of exposure is calculated by adding together cancer risks of all age 
ranges. This approach provides a lifetime cancer risk that accounts for changes in exposure that occur over a lifetime.

In addition, cancer risk for children was weighted by age for hexavalent chromium and for PAHs because they cause 
cancer by what is known as “mutagenic mode of action.” Mutagenic chemicals are those that can make multiple changes 
to genes in a cell. For children, mutagens pose a higher risk of cancer when exposures occur early in life. Age-dependent 
adjustment factors (ADAFs) were applied to reflect the potential for early-life exposure to mutagens to make a greater 
contribution to lifetime cancer risk (51; 74). For exposures before 2 years of age, a 10-fold adjustment was made. For 
exposures between 2 and <16 years of age, a 3-fold adjustment was made. For exposures after turning 16 years of age, 
no further adjustment was made.

Cancer risk equations

Cancer risk from exposure to a chemical during specific age ranges was calculated with the following equations:

For exposure through ingestion or dermal absorption:

Cancer Risk = Dose (mg/kg/day) x CSF (mg/kg/day)-1

For exposure through inhalation:

Cancer Risk = EC (µg/m3) x IUR (µg/m3)-1

For chemicals with a mutagenic mode of action:

Cancer Risk = Dose (mg/kg/day) x CSF (mg/kg/day)-1 x ADAF

Where:

CSF= Cancer Slope Factor

IUR= Inhalation Unit Risk 

EC = Exposure Concentration (in air)

ADAF = Age-dependent Adjustment Factor (for mutagens)
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Cancer risk from exposure throughout multiple life stages is calculated as the sum of cancer risk from exposure 
at each phase.

Lifetime Cancer Risk for an individual chemical across all ages of exposure

= Cancer Riskage0-1 + Cancer Riskage1-2 + Cancer Riskage 2-6 …etc.

Cumulative cancer risk across multiple chemicals in a pathway was calculated as the sum of cancer risks from each 
chemical. 

Cumulative lifetime cancer risk across multiple chemicals in a pathway

	 = Cancer Riskchemical A + Cancer Riskchemical B …etc. 

When exposure to cancer-causing chemicals occurred through multiple pathways, aggregate cancer risk was calculated 
as the sum of cumulative lifetime cancer risks calculated for each pathway.

Aggregate lifetime cancer risk across pathways

	 = Cancer Riskingestion + Cancer Riskskin absorption 

Non-cancer risk calculation:

Non-cancer risk is evaluated by comparing calculated exposure doses with health-based guideline concentrations 
identified by authoritative bodies like EPA and ATSDR. A health guideline is the daily dose of a chemical, below which 
scientists consider it unlikely to harm people’s health. Non-cancer risk is described by hazard quotients, which are the 
ratio of air concentrations over health guidelines.

Hazard Quotient =
Time-Adjusted Air Concentration
Health Guideline (MRL, RfD and RfC)

A hazard quotient less than one indicates that the sensitive health effects used as the basis for health guideline values are 
not expected to occur at the predicted dose. A hazard quotient greater than one requires further investigation. Because 
health guidelines for different chemicals are based on different health outcomes of varying severity and incorporate 
different levels of uncertainty, the risk associated with hazard quotients above one are evaluated on a chemical by 
chemical basis. 

Potential for cumulative non-cancer risks is calculated by adding together hazard quotients for each chemical with similar 
non-cancer effects. The sum of hazard quotients is known as the hazard index. 

Hazard Index = HQchemical A + HQchemical B + HQchemical C … etc.

In this health assessment, EHAP did not calculate any hazard indexes because nickel was the only chemical of concern 
identified for non-cancer health outcomes
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Appendix H. Glossary
This glossary defines words used in this document.

Absorption: How a chemical enters a person’s blood after the chemical has been 
swallowed, has come into contact with the skin and has been breathed in.

Adverse (or negative) 
Health Effects

A change in body function or cell structure that might lead to disease or  
health problems

ATSDR: The Agency for Toxic Substances and Disease Registry. ATSDR is a federal 
health agency in Atlanta, Georgia that deals with hazardous substance and 
waste site issues. ATSDR gives people information about harmful chemicals in 
their environment and tells people how to protect themselves from coming into 
contact with chemicals.

Background Level: An average or expected amount of a chemical in a specific environment or 
amounts of chemicals that occur naturally in a specific environment.

Bioavailability: See Relative Bioavailability.

Cancer: A group of diseases that occur when cells in the body become abnormal and 
grow or multiply out of control.

Chronic Exposure: A contact with a substance or chemical that happens over a long period of 
time. ATSDR considers exposures of more than one year to be chronic.

Completed Exposure 
Pathway: 

See Exposure Pathway.

Comparison Value: (CVs) Concentrations of substances in air, water, food and soil that are unlikely, 
upon exposure, to cause adverse health effects. Comparison values are used 
by health assessors to select which substances and environmental media 
(air, water, food and soil) need additional evaluation while health concerns or 
effects are investigated. 

Concern: A belief or worry that chemicals in the environment might cause harm  
to people.

Concentration: How much or the amount of a substance present in a certain amount of soil, 
water, air and food.

Contaminant: See Environmental Contaminant.

Dermal Contact: A chemical getting onto your skin. (See Route of Exposure).

Dose: The amount of a substance to which a person may be exposed, usually daily. 
Dose is often explained as “amount of substance(s) per body weight per day”.

Duration: The amount of time (days, months, years) that a person is exposed to  
a chemical.
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Environmental 
Contaminant: 

A substance (chemical) that gets into a system (person, animal and the 
environment) in amounts higher than the Background Level, or what  
would be expected.

Environmental Media: Usually refers to the air, water and soil in which chemicals of interest are 
found. Sometimes refers to the plants and animals that are eaten by humans. 
Environmental Media is the second part of an Exposure Pathway.

US Environmental 
Protection Agency (EPA): 

The federal agency that develops and enforces environmental laws to protect 
the environment and the public’s health.

Exposure: Coming into contact with a chemical substance. (For the three ways people 
can come in contact with substances, see Route of Exposure.)

Exposure Assessment: The process of finding the ways people come in contact with chemicals, how 
often and how long they come in contact with chemicals, and the amounts of 
chemicals with which they come in contact. 

Exposure Pathway: A description of the way that a chemical moves from its source 
(where it began) to where and how people can come into contact 
with (or get exposed to) the chemical.

ATSDR defines an exposure pathway as having 5 parts:

1. Source of Contamination,

2. Environmental Media and Transport Mechanism,

3. Point of Exposure,

4. Route of Exposure, and 

5. Receptor Population. 

When all 5 parts of an exposure pathway are present, it is called a Completed 
Exposure Pathway. Each of these 5 terms is defined in this Glossary. 

Frequency: How often a person is exposed to a chemical over time; for example, every day, 
once a week and twice a month.

Health Effect: ATSDR deals only with Adverse Health Effects  
(see definition in this Glossary).

Ingestion: Swallowing something, as in eating or drinking. It is a way a chemical can 
enter your body (See Route of Exposure).

Inhalation: Breathing. It is a way a chemical can enter your body  
(See Route of Exposure).

kg Kilogram or 1000 grams. Usually used here as part of the dose unit mg/kg/day 
meaning mg (contaminant)/kg (body weight)/day.

µg Microgram or 1 millionth of 1 gram. Usually used here as part of the 
concentration of contaminants in water (µg/Liter).
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mg Milligram or 1 thousandth of 1 gram. Usually used here as in a concentration 
of contaminant in soil mg contaminant/kg soil or as in the dose unit mg/kg/day 
meaning mg (contaminant)/kg (body weight)/day.

MRL: Minimal Risk Level. An estimate of daily human exposure – by a specified 
route and length of time -- to a dose of chemical that is likely to be without 
a measurable risk of adverse, non-cancerous effects. An MRL should not be 
used to predict adverse health effects.

oxbow A U-shaped bend in the course of a river

PHA: Public Health Assessment. A report or document that looks at chemicals at 
a hazardous waste site and tells if people could be harmed from coming into 
contact with those chemicals. The PHA also tells if possible further public 
health actions are needed. 

Point of Exposure: The place where someone can come into contact with a contaminated 
environmental medium (air, water, food or soil). Some examples include: 
the area of a playground that has contaminated dirt, a contaminated spring 
used for drinking water, or the backyard area where someone might breathe 
contaminated air.

Population: A group of people living in a certain area or the number of people  
in a certain area.

Public Health 
Assessment(s): 

See PHA.

Reference Dose (RfD): An estimate, with safety factors (see Safety Factor) built in, of the daily, life-
time exposure of human populations to a possible hazard that is not likely to 
cause harm to the person. 

Relative Bioavailability: The amount of a compound that can be absorbed from a particular medium 
(such as soil) compared to the amount absorbed from a reference material 
(such as water). Expressed in percentage form.

Route of Exposure: The way a chemical can get into a person’s body.  
There are three exposure routes: 

– breathing (also called inhalation), 

– eating or drinking (also called ingestion), and 

– getting something on the skin (also called dermal contact).

Safety Factor: Also called Uncertainty Factor. When scientists don't have enough 
information to decide if an exposure will cause harm to people, they use 
“safety factors” and formulas in place of the information that is not known. 
These factors and formulas can help determine the amount of a chemical that 
is not likely to cause harm to people.
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Source 

(of Contamination): 

The place where a chemical comes from, such as a landfill, pond, creek, 
incinerator, tank and drum. Contaminant source is the first part of an 
Exposure Pathway.

Toxic: Harmful to health. Any substance or chemical can be toxic at a certain dose 
(amount). The dose is what determines the potential harm of a chemical and 
whether it would cause someone to get sick. 

Tumor: Abnormal growth of tissue or cells that have formed a lump or mass.

Uncertainty Factor: See Safety Factor.
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Appendix I. Public Comments and 
EHAP Responses
EHAP received numerous public comments on the Precision Castparts Corp Large Parts Campus public health assessment. 
This appendix describes how we addressed and/or incorporated public comments into this final report of the PCC 
Structurals Inc. Large Parts Campus Public Health Assessment. OHA received comments from several individuals, a 
community group and a legal representative. Some comments were very extensive. Our responses below group statements 
together that are similar in nature and summarize lengthy comments. 

OHA does not list names or affiliations with these comments, in order to protect the commenter’s identity. For comments 
that questioned the validity of statements made in the document, EHAP verified or corrected the statements.

Reviewer Comment EHAP Response

Several commenters chose to share personal stories and 
sentiments with EHAP, in addition to comments about the 
PHA draft itself. They shared accounts about themselves, 
their families and previous generations of families living in 
the area. These stories included growing up and raising 
children in the area, serving on neighborhood association 
boards, participating in preservation of natural areas, 
growing food in their yards and in community gardens and 
making long-term connections and roots in the community. 
Several shared their anxieties and uncertainties around 
living near the Large Parts Campus, especially after 2016, 
when moss studies indicated heavy metals pollution in 
Portland. These commenters are concerned that the air is 
unsafe to breathe; they described chronic chemical odors 
and negative health impacts such as asthma.

EHAP has heard people’s stories in person and through the 
PHA public comments. We recognize that many have strong 
feelings about the presence of the Large Parts Campus 
and have had negative experiences with it being near their 
homes and community. We are aware the stress they have 
felt as individuals and as a community is very real.

The PHA EHAP conducted included a scope that maximized 
what we could do with the information resources that were 
available to us. We also collaborated with DEQ to ensure 
all environmental data collected are relevant in evaluating 
potential exposures to the community. 

In addition, OHA worked with DEQ to make sure the state’s 
new policies and rules for regulating industrial air toxics, 
known as Cleaner Air Oregon, were implemented to be 
protective of not just this community, but all communities in 
Oregon that are near industries that emit air pollutants.

Part of Oregon Health Authority’s mission is to help people 
and communities achieve optimum physical, mental and 
social well-being. We have worked to do these things by 
meeting with the community, collaborating with other 
agencies to collect environmental data, writing the PHA, 
responding to comments and ensuring future air quality is 
safe for all nearby communities.
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Reviewer Comment EHAP Response

EHAP received several comments that indicated concern 
that the air monitoring conducted in 2016 was insufficient 
in terms of evaluating human health, including suggestions 
that a single month of monitoring prior to upgraded 
emissions controls, and only six months of monitoring 
after the upgrade are insufficient. Commenters suggested 
that the Large Parts Campus has “long production cycles”, 
could possibly be modifying its operations to influence 
study results, and that there is not enough consideration 
of atmospheric effects during different meteorological 
conditions throughout the year.

Oregon DEQ collected air metals concentrations at two 
locations (one south of the Large Parts Campus, near the 
Springwater Corridor and one on SE Harney Drive, near SE 
52nd Avenue), which collected data from April 2016 through 
October 2016. DEQ also operated a third monitor (near 
the intersection of SE Harney Drive and 45th Avenue) that 
collected data from April 2016 through December 2017. 
The October 2018 public comment version of the PHA did 
not include data from this third monitoring site collected 
between May 2016 through December 2017. 

EHAP has updated the PHA to reflect the full data set 
collected from the monitor that was at the SE Harney and 
45th location (which took air samples through December 
2017). In addition to updated DEQ data, EHAP evaluated 
independent air monitoring taken by Portland State 
University’s STAR laboratory and PCC Structurals and 
included summaries of these efforts in the PHA. These 
supplemental sources were used to see how concentrations 
differed in areas in addition to where DEQ monitoring was 
conducted.

Why was no monitoring done in the Brentwood-Darlington 
neighborhood? Part of the impetus for the PHA was the 
finding of heavy metals in moss in that neighborhood. 
The technology exists to model the path of the plume(s) 
emitted by PCP. This would inform the placement of 
monitors. As yet we know almost nothing about where 
emissions are being deposited.

Please see Appendix B of the Public Health Assessment 
for monitoring locations. Two of the monitors (PFH and 
PFD) were placed at locations just south of Errol Heights 
Park and north of SE Harney Drive. These sites were 
selected due to their immediate proximity to the Large Parts 
Campus.

In this revised version of the PHA, EHAP evaluated 
additional air sampling data collected by Portland State 
University’s Sustainable Atmospheres Research Lab. 
Some of the air sampling locations were located in the 
Brentwood-Darlington neighborhood.

The EPA software (ProUCL) used to estimate percentiles 
of the distribution measured by the monitor is not 
transparent. The manual states that the user may choose 
the probability distribution to use for the computations, 
or allow the software to choose. It is not clear how 
the software computes those estimates, and whether 
it is assuming independence of the observations. It 
seems likely that there will be serial correlation in the 
measurements due to wind direction and speed when 
estimates are based on a single monitor in a fixed location. 
Without looking at the raw data it is impossible to tell how 
significant this issue is.

EHAP wants to ensure that there is full transparency both 
the data used and how ProUCL was used to calculate the 
upper confidence limits used to evaluate human health. 
Both the user manual and the in-depth technical manual 
for ProUCL are available on USEPA’s website, which can 
be found at: https://www.epa.gov/land-research/proucl-
version-5100-documentation-downloads

In addition, EHAP is willing to provide, upon request, the 
individual air sampling data, and the parameters used in 
calculating upper confidence limits with ProUCL.

https://www.epa.gov/land-research/proucl-version-5100-documentation-downloads
https://www.epa.gov/land-research/proucl-version-5100-documentation-downloads
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Reviewer Comment EHAP Response

EHAP received more than one comment about disaster 
risks involving the Large Parts Campus. These included 
concerns about both industrial accidents (fires, explosions 
and chemical releases) or natural disasters such as an 
earthquake. The commenters wanted to know more about 
risks due to chemical releases or an earthquake, and how 
these risks can be communicated to the public.

When a chemical release or spill is reported (as is required 
by law), it is responded to by DEQ’s Emergency Response 
Program, which is staffed 24 hours a day, including on 
weekends. Industrial facilities and chemical transporters 
are required to report when a chemical leak or spill occurs. 
When DEQ is notified, a DEQ on-site coordinator will ensure 
that containment and cleanup is completed in a way that 
protects human health and the environment.

The Oregon Emergency Response System (OERS) 
coordinates and manages state resources in response to 
chemical releases when they occur. They make sure all 
state agencies (such DEQ and OHA) and local emergency 
response are notified. 

In some cases the nature or extent of an environmental 
release may result in a response by the U.S. Environmental 
Protection Agency. EPA’s On-Scene coordinators are 
federal officials who monitor and direct responses to 
environmental releases that could harm public health 
or workers. An EPA On-Scene Coordinator may direct 
responses to when a state needs assistance in responding. 
They are able to provide cleanup contractors and funding, 
provide environmental monitoring and require responsible 
parties to remediate and prevent future releases. EPA On-
Scene Coordinators are on call 24 hours a day, with staff 
in Portland, and additional responders are available in the 
region.

https://www.oregon.gov/oem/emops/Pages/OERS.aspx

https://www.oregon.gov/deq/Hazards-and-Cleanup/env-
cleanup/Pages/Emergency-Response.aspx

https://www.epa.gov/emergency-response/epas-scene-
coordinators-oscs

I object to the renewal of PCC Structurals air quality 
permit.

Neither EHAP nor OHA are involved in issuance of air quality 
permits in Oregon. Air Contaminant Discharge Permits 
(ACDP) are regulated by DEQ. More information on their 
ACDP process can be found at the following website: 
https://www.oregon.gov/deq/aq/aqPermits/Pages/default.
aspx

In addition, the Large Parts Campus will in the future be 
required to comply with the Cleaner Air Oregon regulations 
that were adopted in 2018.

https://www.oregon.gov/oem/emops/Pages/OERS.aspx
https://www.oregon.gov/deq/Hazards-and-Cleanup/env-cleanup/Pages/Emergency-Response.aspx
https://www.oregon.gov/deq/Hazards-and-Cleanup/env-cleanup/Pages/Emergency-Response.aspx
https://www.epa.gov/emergency-response/epas-scene-coordinators-oscs
https://www.epa.gov/emergency-response/epas-scene-coordinators-oscs
https://www.oregon.gov/deq/aq/aqPermits/Pages/default.aspx
https://www.oregon.gov/deq/aq/aqPermits/Pages/default.aspx
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Reviewer Comment EHAP Response

I object to the utter incompleteness and findings of this 
report.

The Public Health Assessment conducted on the Large 
Parts Campus evaluated every feasible way members of 
the community could be harmed from chemicals related to 
the site. All work in this document was done in accordance 
with ATSDR’s guidance for conducting Public Health 
Assessments. EHAP investigated all data sources that were 
available, and included our interpretation of those data in 
this report.

PCC has reported annual estimated air emissions to the 
Environmental Protection Authority as part of its Toxic 
Release Inventory (TRI) since 1987. However, this study did 
not consider this data. The study is based on a relatively 
short period of air monitoring during the period March 
30, 2016 – May 2017, leading up to PCC’s installation of 
HEPA filters. You acknowledge this issue on page 49 of 
the report (Exposure Scenario 5: Long-term residents with 
exposure to unknown past air concentrations). I discussed 
this concern with Dr. Wegner during the Brentwood-
Darlington public meeting. While she saw issues with 
PCC self-reported data, she agreed it could technically be 
modeled. I feel this data should be modeled and added to 
the report. The public has a right-to know the health risk 
associated historical exposure levels 10x to 100x above 
current levels.

EHAP reviewed Toxics Release Inventory (TRI) data going 
back to 1987, did a qualitative analysis of the reports of 
the historical emissions, but did not use these data as the 
basis for risk calculation. While it is possible to model TRI 
data, EHAP did not do this for several reasons. The methods 
used to estimate emissions for TRI reporting have not been 
consistent across time, which would result in models that 
are not accurate over time. Second, while TRI data could 
technically be modeled, it is not possible to verify modeled 
data of past emissions because we can’t compare the data 
to actual monitoring results. Also, modeling past emissions 
requires obtaining information that no longer exists – 
examples of this include stack heights and equipment 
monitoring temperatures.

It should be noted that while OHA does not have plans to 
model past emissions, the Large Parts Campus will be 
required to calculate potential health risks of their present 
and future emissions under the Cleaner Air Oregon rules 
that were adopted in November 2018. This includes 
performing a human health risk assessment that is based 
on modeling of emissions and an emissions inventory that is 
more detailed than what facilities were required to provide 
to DEQ prior to Cleaner Air Oregon.

Oregon requires all cases of cancer diagnosed on or after 
January 1, 1996, to be reported. However, this study did 
not consider the Oregon Cancer Registry (OSCAR) data. 
Privacy was cited as a concern but I have to think the 
data could be depersonalized and anonymized to avoid 
compromising patient privacy. The OHA cited challenges 
to interpret this data. However, no attempt was made 
to do so. There was also no attempt to analyze other 
health data, such as autism rates for residents of the 
neighborhood or even smell complaints reported to the 
OHA over time.

As stated in the PHA, the requirements for evaluating 
health outcome data such as Oregon State Cancer Registry 
(OSCaR) data are a (1) completed exposure pathway, (2) 
contaminant levels high enough to result in measurable 
health effects, (3) a sufficient number of people to be 
measured and (4) a health outcome database in which 
disease rates for the population of concern can be 
identified. Contaminant levels measured in 2016 data did 
not indicate there were levels high enough for health effects 
to occur. Also, because the population around the Large 
Parts Campus is relatively small, an analysis of cancer data 
would likely not yield useful information.

While certain types of health outcome data have potential 
to be useful in evaluating environmental exposure, registries 
do not exist in Oregon to track the types of noncancer 
health effects evaluated in this PHA. 



141
Public Health Assessment: Precision Castparts Corporation (PCC)

Appendix I. Public Comments and EHAP Responses

Reviewer Comment EHAP Response

The study does not speak to issues with the quality of air 
monitoring data, e.g. the margin of error associated with 
the equipment used, potential calibration issues, choice 
of location (monitors were not placed at locations where 
high levels of toxic metals were detected during the Forest 
Service moss study); plume analysis was not performed to 
determine the impact of wind currents; the possibility that 
PCC could have manipulated emissions during the time 
of the data collection. For these reasons, I feel ongoing 
monitoring is merited. A future health study will be 
negatively impacted by a dearth of air monitoring data over 
an extended period of time.

All of the data used in the PHA for the Large Parts Campus 
were evaluated and approved by DEQ in accordance with 
its approved sampling plan. All collected samples were 
analyzed by the accredited DEQ state laboratory, as well 
as two nationally-accredited private laboratories. Quality 
control and quality assurance plans for the Large Parts 
Campus sampling and analysis can be found at: https://
www.oregon.gov/deq/FilterDocs/PCC-sap17.pdf

The DEQ Laboratory maintains copies of the analytical 
reports, including all quality control information. This 
information is publicly available and can be obtained from 
DEQ upon request.

DEQ could not place air samplers in the same areas 
identified in the moss study because locations suitable for 
air monitoring stations must meet several criteria, such as 
having a source of electrical power.

Plume analysis was not performed during the period of 
air sampling. However, DEQ collected wind speed and 
wind direction data to help determine the source of any 
pollutants. Also, because the three air samplers were near 
the Large Parts Campus and the data didn’t show levels 
that could result in health effects, it is unlikely that plume 
analysis or dispersion modeling of areas farther away from 
the facility would demonstrate concentrations that would be 
higher.

The final version of this Public Health Assessment includes 
DEQ’s full time period of air monitoring (May 2016 through 
December 2017).

The study concludes risk is low and does not provide any 
recommendations, even for ongoing air, soil and water 
monitoring. I believe ongoing air, soil and water should 
be recommended to protect the public health. The study 
should go further to suggest areas for future study.

EHAP did not issue recommendations because our analysis 
of the air, soil, sediment, surface water and crayfish 
sampling data did not identify any levels of exposure 
that are expected to harm public health. In addition, the 
facility will be regulated under the newly adopted Cleaner 
Air Oregon rules for industrial air toxic emissions which 
consider health risks to nearby community members.

https://www.oregon.gov/deq/FilterDocs/PCC-sap17.pdf
https://www.oregon.gov/deq/FilterDocs/PCC-sap17.pdf
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Reviewer Comment EHAP Response

As a PHA process concern, the CAC requested several 
times during the 2017-2018 period early drafts of

this report and we were told we would have to wait for the 
final report. We later were told that PCC and Rob Davis of 
the Oregonian had received early drafts of this report, well 
in advance of the release to the CAC, as a result of FOIA 
requests. We would suggest the OHA honor such requests 
in the future. This allow us more to socialize findings and 
public concerns in advance of public comment deadlines.

Under Oregon’s Public Records Law, the public has the right 
to inspect and copy public records, such as data, meeting 
recordings, correspondence and reports. Journalists and 
members of the press are well-versed in requesting public 
records to obtain communications and early report drafts 
before this information is finalized and publicly released. 
OHA releases all available information in response to public 
records requests, unless prevented by state or federal 
rule or law. More information, and the form to initiate 
the process can be found at OHA’s website. OHA honors 
all public records requests received through the online 
submission page, and our goal is to respond to public 
records requests within 15 days.

The report does not assess the cumulative health risks 
of PCC emissions over its lengthy (61 year) presence in 
the community despite the report’s finding that emissions 
of some chemicals may have been 10 to 100 times 
greater than during the EHAP’s study period (a finding 
based on the EPA’s Toxic Release Inventory data available 
since 1987). Isn’t it possible that the magnitude of toxic 
emissions during PCC’s first thirty years of operations 
(1957-1987) was even greater?

DEQ air sampling near the facility started in April 2016 and 
was able to capture approximately one month of ambient air 
data prior to PCC Structurals installing upgraded emissions 
controls in May 2016. EHAP performed a separate risk 
calculation based on this pre-upgrade period. Because 
there is no air montitoring data earlier than April 2016, 
EHAP is not able to evaluate health risks prior to this date. 
However, EHAP cannot rule out the possibility that past 
air concentrations were greater and could have been high 
enough to harm health.

EHAP received more than one comment about the 
University of Massachusetts 2013 “Toxic 100 Index” that 
identified the Large Parts Campus as the “number one 
toxic air polluter”, and that the PHA did not include this 
study in its findings.

In conducting the Public Health Assessment for PCC 
Structurals’ Large Parts Campus, EHAP relied on 
measurement of actual air concentrations rather than 
estimates based on modeling.

The methodology used by University of Massachusetts’ 
Political Economy Research Institute (PERI) is significantly 
different than the methodology EHAP used for the PHA. 
The PERI study used EPA’s Risk Screening Environmental 
Indicators (RSEI), which combines Toxics Release Inventory 
(TRI) data with fate and transport characteristics, toxicity 
information for each chemical and how many people live 
around a facility. Using computer models of how pollutants 
are dispersed in air, the study estimates health risk to the 
population. This type of study does not evaluate conditions 
based on environmental monitoring data (i.e., taking air 
samples and measuring concentrations of pollutants in the 
air).

EPA states that RSEI is not to be meant as a formal 
quantitative risk assessment tool and that the model does 
not describe a specific level of risk related to any particular 
disease. It is meant to be a screening tool that highlights 
areas where there are potential chronic human health 
risks for further investigation, such as the monitoring and 
analysis reflected in this PHA.

https://www.oregon.gov/oha/ERD/Pages/Records.aspx
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Some would suggest preventing [low-level] exposures until 
their safety has been assured should be the priority rather 
than waiting for a substantial number of health problems 
to present and thereby precipitate further investigation. 

In evaluation of all chemicals sampled in air, soil, biota 
and water near the PCC Structurals facility, EHAP used 
various comparison values (CVs) to determine where 
further evaluation of health risks is needed. EHAP relies 
on CVs established by the federal Agency for Toxic 
Substances Disease and Registry and EPA through a 
scientific peer-review process based on numerous studies 
that examined health effects from chemical exposures, 
and the concentrations that result in health effects of a 
chemical. These CVs are protective of both adults, children 
and sensitive individuals with frequent exposure. When 
a chemical concentration is below the level of a CV, it is 
unlikely that health effects will occur.

Surprisingly the EHAP did not include occupational 
exposures or inspections to enlighten their assessment of 
PCC.

This Public Health Assessment was limited in scope 
to evaluating environmental exposures to members of 
the public, rather than evaluate occupationally-related 
exposures to worker. Worker health and safety at worksites 
is regulated by Oregon Occupational Safety and Health (OR-
OSHA).

Develop an historical timeline that would document the 
growth and evolution of PCC as a corporation in Portland 
with a particular emphasis on the site at SE Harney Drive. 
The report could include historical emissions, production 
records, raw materials used, pyrolysis products from the 
production process, stack or fugitive emissions, spills, 
accidents, occupational exposure assessments inside the 
plant buildings, data or inspections from other regulatory 
agencies that may enlighten environmental agencies and 
the public with regard to plant emissions. It may be helpful 
if this report included key government regulatory events 
that might have shaped PCC manufacturing processes.

In the PHA, EHAP documented the available history of the 
growth of the Large Parts Campus and did a qualitative 
analysis of the Toxics Release. OHA does not have the 
authority to require PCC Structurals to furnish further 
information about the activities at their plant. 

Establish a task force that might include community 
members, PCC representatives, PCC workers, city 
representatives and state health officials to develop 
a monitoring plan and begin discussions about future 
activities at the site and the need for increased 
transparency of PCC activities. This might take the form of 
a multi-year strategic plan that takes into consideration the 
health and wellbeing of all stakeholders.

OHA does not have the authority or resources to establish 
and support a task force. 
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Establish an agreed upon sampling plan to evaluate air, 
water and soil emissions from PCC at the perimeter of 
the company property and at designated sites away from 
the plant. Not only will this provide an on-going record of 
exposures that may be linked to adverse health outcomes 
10 or 20 years from now, but also it may be a way to re-
establish trust between the community and PCC.

Oregon DEQ has monitored air, water, soil and sediment 
from around the Large Parts Campus. In addition, PCC 
Structurals will be required to calculate potential health 
risks of their present and future emissions under the 
Cleaner Air Oregon rules that were adopted in November 
2018. This includes performing a human health risk 
assessment that is based on modeling of emissions and 
an emissions inventory that is more detailed than what 
facilities were required to provide to DEQ prior to Cleaner 
Air Oregon.

Work with regulatory agencies to help PCC get into and 
stay in compliance with current environmental regulations 
no matter how limited they are.

OHA works with DEQ to offer technical assistance 
regarding air pollution issues, and will continue to do 
so. OHA has collaborated with DEQ in writing Cleaner 
Air Oregon rules, which will apply to the Large Parts 
Campus.

Work with municipalities to do better due diligence and 
consider legacy industrial sites when permitting residential 
property development.

OHA is interested in working with local health department 
partners to support local land use decision making that 
is protective of public health. However, such land use 
decisions are in the purview of local government. 

It will be important for the community, PCC and 
government agencies to develop a long-term site plan 
that takes into consideration residential growth in the 
area around the PCC manufacturing site. PCC should 
be encouraged to make investments in low polluting 
operations that prioritize the environmental and human 
health of the local community.

PCC Structurals’ Large Parts Campus (and the nearby Small 
Parts Campus) was designated by DEQ as a Cleaner Air 
Oregon (CAO) Group 1 facility in March 2019, meaning it 
was among the first facilities to be called into the program. 
The Cleaner Air Oregon program adds public health-based 
protection from emissions of toxic air contaminants to the 
state’s existing air permitting regulatory framework. The 
goal of CAO is to evaluate potential health risks to people 
near commercial and industrial facilities that emit regulated 
toxic air contaminants, communicate those results to 
affected communities and reduce those risks to below 
health-based standards. As facilities are called in, they will 
perform air toxics risk assessments that will determine the 
actual risk associated with facility emissions. 

In accordance with CAO, PCC Structurals will conduct a risk 
assessment to determine its Risk Action Level for Cancer 
and Noncancer Risks. PCC Structurals’ Risk Action Level 
will determine the specific actions required to reduce the 
facility’s impact to the environmental and human health of 
the local community.

The PHA incorrectly and inconsistently refers to the name 
of the facility for which the PHA was performed. The 
facility for which the PHA was performed is operated 
by PCC Structurals, Inc., and is referred to as the Large 
Parts Campus. Referring to the facility as the “Precision 
Castparts site” is incorrect and confusing

OHA has corrected this in the PHA – all references to the 
site are now referred to as “the Large Parts Campus” and 
recognizes PCC Structurals, Inc. as the operator of the 
facility.
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Although PCC currently operates out of two buildings 
located on the site, as shown on Figure 1 of the PHA, 
these two buildings have undergone significant expansions 
over time, and for the first 26 years, PCC only operated 
out of one of those buildings. The other, now larger 
manufacturing space was operated by a variety of owners 
until PCC acquired the building in 1983.

EHAP has added text to the Site Description section of 
the PHA, and noted the changes and additions that have 
taken place at the Large Parts Campus during its history of 
operations.

The PHA in a number of locations suggests that 
historically, the emissions may have been significantly 
greater than in 2016. However, it is important to note 
that, again, for the first 26 years PCC had manufacturing 
operations in only one building, and following its expansion 
into two buildings in 1983, each of those manufacturing 
operations have grown significantly to what they are today.

There is uncertainty around emissions reported to TRI. 
Emissions are estimated based on chemical use and are 
not confirmed by monitoring data. The methods used to 
estimate emissions have not been consistent across time, 
so some changes in emissions reported to TRI simply 
reflect changes in record keeping. Furthermore, there may 
be incentive to overestimate reported emissions when 
those reported emissions are also used to determine 
emissions limits enforced in permits. Because of these 
uncertainties, data must be interpreted with caution. TRI 
data were not used as the basis for risk calculations in this 
PHA. Additional discussion of appropriate interpretation of 
TRI data is available on the EPA website (30). Based on the 
data reported by PCC Structurals to EPA, EHAP’s analysis 
of these data indicates that air emissions (for all chemicals 
and selected metals) may have been significantly higher in 
the past.

The characterization of nickel observed in moss on pages 
22 and in Appendix C is not correct. Although the levels of 
nickel in moss are elevated near the facility, the levels are 
lower than those near the East Side Plating (ESP) facility. 
The PHA shows only the 2013 data, although the draft 
PHA indicates that moss data through 2015 were used. 
The samples from near ESP, collected in 2015, have higher 
nickel concentrations. Further, the 2017 sampling of moss 
conducted by the Oregon Department of Environmental 
Quality (DEQ) from the same tree near ESP shows even 
higher nickel levels than near PCC. The PHA incorrectly 
states that “moss sampling sites closest to the facility had 
the highest nickel concentrations in the city (Appendix 
C). We request that the text on page 22 be corrected and 
Appendix C be corrected to include the data from 2015 
and 2017 that were not included in the draft PHA.

In 2013 the US Forest Service (USFS) collected samples of 
moss from throughout the Portland metropolitan region and 
evaluated the moss for the presence of heavy metals. This 
sampling included sites relatively close to PCC Structurals 
Large Parts Campus. See page Appendix C of this PHA for a 
discussion of these data. 

In October 2015, USFS collected 24 additional moss 
samples near Bullseye Glass, in order to confirm results 
from 2013 sampling. Because the 2015 data included no 
moss sampling near PCC Structurals, EHAP did not discuss 
2015 USFS data in this PHA. 

In 2017, DEQ conducted its own sampling of moss with 
results published in a December 2018 report “Evaluation 
of Moss Sampling as a Methodology for Evaluating Air 
Toxics, Using Portland as a Study Area.” None of these 
2017 locations were the same eight locations that were 
included in Table C1 of Appendix C.

In other words, only the 2013 moss data were relevant to 
this PCC Structural PHA. 

EHAP corrected the statement about moss sampling 
sites closest to the facility having the highest nickel 
concentrations.
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The PHA assumes that hexavalent chromium is present 
in soil at a proportion of 2.2% of total chromium, which is 
based on EPA and ATSDR estimates of proportions emitted 
by steel production facilities. This is inappropriate because 
in DEQ’s 2016 Precision Castparts Area-Wide soil sampling 
report, all soil samples were non-detect for hexavalent 
chromium. A concentration of one-half of the detection 
limit should be used.

EHAP reviewed the 2016 soil sampling by DEQ and agrees 
that since all soil samples are non-detect for hexavalent 
chromium, 2.2% is not a correct proportion to use. EHAP 
revised the risk assessment assuming the highest detection 
limit in the data set from DEQ’s sampling report, 0.052 mg/
kg – we consider this a conservative estimate, based on 
the data in the report. However, this does not change the 
outcome of our analysis nor does it change our conclusions.

Historical emissions are reported incorrectly in the PHA. 
It mischaracterizes air emissions reported to the Toxics 
Reporting Inventory (TRI). The emissions depicted in Figure 
2 are incorrect.

The data that EHAP used in Figure 2 are based on queries 
of EPA’s TRI Facility Report website: https://www3.epa.gov/
enviro/facts/tri/ef-facilities/#/Release/97206LRGST4600S

The query provided data summarizing all reported 
releases, beginning in 1987. EHAP downloaded this query 
as a Microsoft Excel file, which can be made available 
upon request. These data have been double-checked for 
accuracy.

The PHA relies on the TRI as the basis for concluding that 
historical emissions over the past 59 years, and exposures 
to the surrounding community, were probably higher than 
that characterized using the actual monitoring data from 
2016. Operations at the facility today are much different 
than when operations first began. TRI data is limited to 
1987. There appears to be an error in the presentation of 
TRI emissions of the PHA in Figures 2A and 2B.

EHAP acknowledges that operations at the Large Parts 
Campus have grown since 1957, and added text to the 
Site Description section that characterize the site’s 
expansion over time.

The titles of Figures 2A and 2B (“All chemicals” and 
“Selected Metals”, respectively) were inadvertently 
transposed. The graph depicting emissions of chromium, 
cobalt and nickel should be titled “Selected Metals” and 
the graph depicting overall air emissions should be titled 
“All Chemicals”. The figures have been corrected in final 
version of the PHA. EHAP regrets the error.

The description of cancer risk is misleading and is not 
supported by current science or risk assessment policy. 
The Draft PHA makes erroneous assumptions about the 
dose response of carcinogens. The view expressed in the 
draft PHA – that there are no thresholds for carcinogens—
does not reflect the state of the science for toxicology and 
risk assessment. Clarification and revision to the draft 
PHA document are needed to be consistent with current 
science.

EHAP acknowledges that there are some carcinogens 
where a threshold response has been observed and 
has modified the text of the PHA. However, current EPA 
and ATSDR guidance on estimating cancer risk applies 
a number of conservative assumptions to extrapolate 
possible health outcomes from high doses to low doses. 
In the absence of adequate chemical-specific evidence 
showing a threshold response, ATSDR guidelines call for 
defaulting to linear assumptions.

Additional clarifying statements are needed on the risk 
assessment methods to improve communication to the 
public. EPA risk assessment methods are known to be 
conservative and produce over-estimation of risk. The 
PHA should provide the public a better and more accurate 
description of the conservative nature of risk assessments. 
The current text is misleading, and clarifying statements 
are necessary to better communicate what lifetime cancer 
risk actually means.

EHAP has revised the text to clarify that excess cancer risk 
is an estimate. This estimate of risk is based on current EPA 
and ATSDR methodology, and is based on conservative and 
health-protective assumptions. It is the current and best 
estimate of cancer risk.

https://www3.epa.gov/enviro/facts/tri/ef-facilities/#/Release/97206LRGST4600S
https://www3.epa.gov/enviro/facts/tri/ef-facilities/#/Release/97206LRGST4600S
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Differentiation between calculated cancer risk 
and observed cancer rates is critical for clear risk 
communication. This distinction is currently lacking in 
the draft document. The PHA should point out that the 
background cancer rates for men and women in the 
United States used for comparison are probabilities, 
not calculated risks. Any calculated excess cancer risks 
presented in the PCC PHA in the range of 10-4 to 10-6 
are de minimis compared to the existing and actual high 
background cancer rate that we all incur.

EHAP has revised the text to indicate that a one-in-a-
million cancer risk is a calculated risk, and the text already 
presented this risk in the context of observed cancer rates. 

Studies used to evaluate nickel toxicity are limited and 
should be characterized in greater detail. Studies cited in 
the PHA are either hypothesis-generating or correlation 
studies, and thus, these studies cannot be used to develop 
causal links between nickel exposure and health effects. 
The PHA states that, since the MRL was established 
in 2005, additional studies have reported a correlation 
between air nickel levels and asthma symptoms in 
children, suggesting the potential for nickel to contribute to 
asthma symptoms at levels similar to those detected near 
PCC. There are additional findings from these studies that 
should be included to put them in context. The studies are 
hypothesis-generating and cannot be used to conclude 
causation, and contain several shortcomings that limit their 
utility.

In the PHA text (under “Uncertainties and Data Gaps”) 
EHAP, in the draft document, emphasized that these studies 
“cannot be used to support quantitative health effects 
analysis” and stated that “findings from new studies must 
be replaced and corroborated by other studies with different 
designs, settings and populations”. EHAP’s statements 
indicate that the studies are not meant to be used as a 
causal link between nickel exposure and respiratory effects, 
but rather the state of the science of health effects of nickel 
exposure is evolving and needs to be followed.

The assessment of toxicity for nickel is not described 
adequately. The inhalation unit risk for nickel refinery dust 
is the basis of the cancer risk estimates and soluble nickel 
is used as the basis of the noncancer estimate. Neither of 
these forms is consistent with the forms of nickel emitted 
by PCC. The nickel released by PCC is present largely in 
the form of alloys. The potential hazards and risks from 
nickel emissions at PCC are exaggerated by using these 
toxicity criteria, and NTP’s determination regarding nickel 
in alloy form is important for correctly communicating the 
potential health risks associated with nickel emissions 
from PCC.

EHAP has been aware that the Large Parts Campus 
emissions of nickel are in an alloy form, and this has been 
stated in the PHA. We also recognized that the inhalation 
unit risk and non-cancer Comparison Value for nickel are 
based on different type of nickel (nickel refinery dust and 
nickel sulfate, respectively). We recognize that nickel alloys 
used by the Large Parts Campus are less bioavailable 
and less carcinogenic than other forms of nickel. Because 
the monitoring data do not identify the form of nickel, we 
cannot confirm what has been emitted remains in the alloy 
form. EHAP chose to make a health-protective assumption 
that all nickel detected in air monitoring may be in the more 
toxic form.

In addition, the use of these health-protective Comparison 
Values did not indicate nickel in air is likely to be harmful to 
human health.
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The PHA states that hexavalent chromium causes cancer 
by gene mutation; however, this theory has been replaced 
over the last decade. The theory has been replaced by 
recent research that observed that Cr(VI) causes cancer 
by epigenetic modifications, not mutation. The PHA cites 
a Navy Marine Corp Heath Center document from 2008 
as the basis for Cr(VI) causing cancer by gene mutation. 
This document provides guidance on assessing risks for 
mutagenic carcinogens, but Cr(VI) is never mentioned, 
nor included in the list of chemicals cited in the reference 
cited, as one that acts by a mutagenic mode of action. 
Therefore, this is an inappropriate citation. 

ATSDR, US EPA and California Office Of Environmental 
Health Hazard Assessment (OEHHA) all currently consider 
hexavalent chromium to be carcinogenic by a mutagenic 
mode of action. Therefore, we will consider hexavalent 
chromium to be a mutagen, and apply the age-dependent 
adjustment factors (ADAFs) when calculating risk of 
exposure to hexavalent chromium. A citation has been 
added to the document that supports hexavalent chromium 
having a mutagenic mode of action.
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