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FIGURE 1. LOCATION
2. VICINITY
FIGURE 2. VICINITY
– SHOWING SWIFT CREEK AND SUMAS RIVER + ALL SMALL CITIES, INCLUDING SUMAS. CANADIAN PORTION OPTIONAL.
3. AREA OF CONCERN
FIGURE 3. AREA OF CONCERN
– SWIFT CREEK ALLUVIAL FAN + SUMAS RIVER FLOODPLAIN
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EXECUTIVE SUMMARY
Humans interact with the environment continually. These interactions affect quality of life, years of healthy life
lived, and health disparities. Exposure to toxic substances can be harmful to human health; however, the full
health effects of many toxic substances are not yet fully understood. Research to better understand how these
exposures may affect health is ongoing. Meanwhile, efforts to reduce exposures continue. Reducing exposure to
toxic substances is fundamental to environmental health.
Environmental contaminants in sediments originating from the Swift Creek watershed in northwest Whatcom
County, Washington may affect human health. Primary health concerns related to Swift Creek sediment are from
the presence of chrysotile asbestos (Mg3(Si2O5)(OH)4) and the metals Cobalt (Co), Chromium (Cr), Manganese
(Mn) and Nickel (Ni). The relatively unique geologic setting of the Swift Creek watershed, inclusive of the
landslide and the alluvial fan, results in a setting in which these natural contaminants are delivered throughout
Swift Creek and the Sumas River into which Swift Creek flows. The Swift Creek landslide generates large
quantities of sediment that is delivered downstream, fills the stream channel, and causes overbank flooding that
carries contaminants beyond the stream channel onto the floodplain, increasing avenues of exposure to
contaminants.
Potential human health impacts associated with Swift Creek sediments includes air and water‐borne asbestos and
water‐borne metals. These contaminants can potentially affect human health through exposure routes such as
inhalation, ingestion, and dermal contact. Existing data suggest that the greatest potential for human health
impacts is associated with airborne asbestos.
The human health assessment process seeks to estimate the nature and probability of adverse health effects in
humans who may be exposed to chemicals and contaminants. Whatcom County has developed a plan to manage
Swift Creek sediment, the Swift Creek Sediment Management Action Plan (SCSMAP). This Health Impact
Assessment (HIA) was prepared to address the effects of implementation of the SCSMAP in relation to potential
health impacts of human exposure to Swift Creek sediment.
Implementation of the SCSMAP has the potential to reduce human health related impacts in the Swift Creek and
Sumas River watersheds. Management strategies presented in the SCSMAP include both active and passive
strategies that can affect potential human health related problems in different ways and magnitudes. Some of
the management strategies in the SCSMAP have the potential to directly affect human health and others have
indirect effects.
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Introduction
The potential for human exposure to naturally occurring asbestos and metals is not uncommon in the United
States. The U.S. Geological Survey (USGS) has documented asbestos‐containing minerals in twenty‐seven
states and metals exist in many environmental settings at various concentration (Kaplan and Neurath 2007).
While asbestos and metals exposure has been extensively documented in occupational settings because of the
acute health hazards created in those situations, asbestos and metal exposure in the natural environment is
less well understood. Knowledge of exposure and disease response comes primarily from studies of workers
who have experienced relatively high exposure rates regularly over identified periods of time, typically many
years. In contrast, exposure in the natural environment may affect individuals of diverse ages and
backgrounds and may occur at different concentrations and in unpredictable modes.
Human health impacts from asbestos and metals are also difficult to identify and quantify due to physical,
social, and environmental factors associated with the human condition (the unique features of being human).
Exposure to contaminants is common in today’s society and comes in many forms. Contributing factors of
disease and health effects are often difficult, if not impossible to identify for any specific individual.
Swift Creek sediment has been documented to included asbestos, primarily chrysotile but with lesser
quantities of amphibole, and metals. Swift Creek sediment has been studied by government agencies, private
consulting firms, and educational institutions for many years. Health advisories related to asbestos have been
issued for Swift Creek and for the Sumas River, into which Swift Creek flows.
This Health Impact Assessment (HIA) investigates primary contamination sources, potential exposure
pathways, persons likely to be exposed to Swift Creek contaminants, potential magnitude of exposure,
duration of exposure, uncertainties and information gaps, and the human health impacts associated with
management of sediments originating from the Sumas Mountain landslide.

Project Overview
This HIA provides decision makers with a review of potential positive and negative human health impacts
related to the proposed adoption and subsequent implementation of the Swift Creek Sediment Management
Action Plan (SCSMAP). The proposed project area is the Swift Creek watershed, located in northwest
Whatcom County, Washington near the City of Nooksack (Figure 2).
This SCSMAP was developed by the Whatcom County Public Works Department to provide guidance for
sediment management activities and projects in the Swift Creek watershed and to provide a context for
sediment management within the existing regulatory framework. The primary purpose of the SCSMAP is to
provide strategies for managing sediment known to contain asbestos and metals and associated risks to
human health, public infrastructure, the environment, and public and private properties. The SCSMAP
includes:





Goals and objectives considered in SCSMAP development
The environmental setting and history of Swift Creek sediment management
Applicable rules and regulations and an approach to working with regulatory agencies
A watershed description and conditions assessment, coupled with identification of problems within the
watershed that stem from identified conditions
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Feasible active and passive management strategies that were developed to target high risk areas and
protect public health and welfare, public infrastructure, and the environment
Costs of and recommendations for implementing SCSMAP strategies, along with an implementation plan
and accompanying protocol and project prioritization.

Requirements for Health Impact Assessment (HIA)
The State of Washington does not have a regulatory framework for requiring a formal HIA. A "best practices"
approach, however, to responsible Swift Creek sediment management was undertaken by Whatcom County
Public Works Department and the Whatcom County Health Department to forward development of this HIA
for the SCSMAP. The HIA is not required for SCSMAP adoption or for permitting future projects that may be
developed under the SCSMAP. In addition, the HIA does not have authority to require additional data
collection or to require permit conditions.

HIA Framework and Methodology
Health impact assessment is a combination of procedures, methods, and tools by which a policy, program, or
project may be judged as to its potential effects on the health of a population and, in some cases, the
distribution of those effects within the population. An HIA helps decision‐makers make choices about
alternatives and improvements to prevent disease and injury and to actively promote health. The World
Health Organization (WHO) defines an HIA as, A combination of procedures, methods and tools by which a
policy, program or project may be judged as to its potential effects on the health of a population, and the
distribution of those effects within the population (WHO 1999) [WHO European Centre for Health Policy, eds.
Health Impact Assessment. Main concepts and suggested approach. Gothenburg Consensus Paper, December
1999. Copenhagen: WHO Regional Office for Europe, 1999.]

HIA Methodology Types
The HIA methodology can be used at different depths of assessment that require various resource inputs. An
HIA can be a short exercise that takes an expert practitioner less than 2 weeks to prepare, an assessment that
takes several months, or a study and report that requires a year or more to complete, depending on HIA goals
and time availability. Each HIA type involves somewhat different approaches to baseline data collection and
stakeholder engagement. The type of HIA chosen by the practitioner depends on a variety of factors including
the nature of the policy, program, or project being judged, the timeframe available for completion, and the
resources available for performing the HIA. The following are three primary HIA levels as described by Taylor
& Blair‐Stevens (2002):
RAPID HIA
A rapid appraisal HIA is considered to be a site‐specific HIA that uses available health information without
conducting new field survey work. Data sources may include peer‐reviewed scientific literature, data collected
by public agencies, or health department databases. A rapid, or desktop, HIA:


Provides a broad overview of possible health impacts



Could be used at early policy development stage or where limited time/resources are available



Involves collecting and analyzing existing data
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Usually carried out quickly (approximately 2‐6 weeks), and with relatively minimal resources.
INTERMEDIATE HIA

The most frequent HIA approach applied, the intermediate HIA, is a more detailed investigation of health
impacts involving a review of the available evidence. An intermediate HIA is typically conducted over a period
of approximately 12 weeks, explores options in relation to the program, project or policy under examination,
and the experiences and expectations of those concerned with, or affected by, the proposal are considered.
An intermediate HIA:


Provides more detailed information of possible health impacts



Allows more thorough investigation of health impacts than a rapid HIA, increasing overall reliability of
impacts analysis



Involves reviewing available evidence and collecting and analyzing new data.
COMPREHENSIVE HIA

A comprehensive HIA is an intensive investigation of health impacts undertaken over a period of months. This
process involves a review of the available evidence and, typically, the production and analysis of new
information. Interaction with the potentially affected population is also a primary component of most
comprehensive HIAs. A comprehensive HIA:


Provides comprehensive assessment of potential health impacts



Provides robust definition of impacts



Least frequently used HIA methodology, but is the ‘Gold Standard’ of HIAs



Involves collecting and analyzing new data using multiple methods and sources (quantitative and
qualitative data including stakeholders’ opinions

SCSMAP HIA
METHODOLOGY
The SCSMAP HIA utilizes a rapid appraisal strategy that has been slightly expanded toward intermediate HIA
methodology to accommodate newly‐collected data as it comes in. The overall SCSMAP project includes
development of a plan for Swift Creek sediment management; the process is grant funded, requiring that the
work be performed within a restricted time frame, precluding extensive field study or stakeholder
engagement. This HIA identifies potential SCSMAP impacts, positive or negative, in a timely fashion for
decision makers and stakeholders. The rapid appraisal HIA strategy is fully capable of identifying potentially
critical impacts and data gaps. Data gaps may be informational, temporal, spatial or related to the quality of
existing information. The identification of a "data gap" does not automatically imply that fieldwork is either
recommended or must be performed.
A major goal of this HIA is to provide accurate information on potential impacts based on the current set of
available data, along with data generated by others during the HIA development process. The HIA identifies
the areas where additional data, including field investigation, would enhance the analysis. This HIA:


Reviews proposed SCSMAP strategies
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Reviews the physical and general environmental setting of Swift Creek sediment impact



Identifies the potentially affected community



Analyzes baseline health and environmental data



Selects key health impacts using both a set of defined health effects categories (HECs) and input from
stakeholder meetings



Conducts qualitative impact rating and ranking analysis



Proposes a series of mitigation measures tied to potential impacts

In completing this HIA, a formal mechanism is provided in which to engage relevant stakeholders and key
regulatory decision‐makers in future health‐related forums.
PROCESS STEPS
This HIA was scoped as a Rapid HIA and includes the following five steps of preparation:
1.
2.

Screening – Determines the need and value of the SCSMAP HIA
Scoping – Determines which health impacts to evaluate, the methods for analysis, and the work plan for
completing the assessment

3. Assessment – Provides an analysis of existing and accessible data and evaluation of potential health
impacts

4. Reporting – Includes development of the HIA report and communication of findings and
recommendations
5. Conclusions – Providing a final statement of assessment following logically from presented premises.

Health Determinants
An HIA provides an opportunity to examine decisions affecting a wide range of social and environmental
factors that influence health and can be a useful tool in identifying opportunities for decision alternatives that
would not otherwise have been considered. The definition of health within the context of HIA is all‐inclusive.
The scope of an HIA is intended to assess physical and mental health outcomes of a proposal, but also assesses
the influencing factors of behavior, neighborhood, environment, economic forces and politics associated with
a proposal. Bhatia, et al. (2011) identified evidence‐based factors, or determinants, linked to health within the
overall population. These factors are included in Table 1.
TABLE 1. POPULATION HEALTH DETERMINANTS

FIXED INDIVIDUAL

INDIVIDUAL
HEALTH
BEHAVIORS

PUBLIC SERVICE
AND
INFRASTRUCTURES

ENVIRONMENTAL
CONDITIONS

SOCIAL,
ECONOMIC, AND
POLITICAL

 Genetic makeup

 Diet

 Education

 Housing adequacy

 Poverty

 Gender

 Physical activity

 Public transportation

 Inequality

 Age

 Addictions

 Health care

 Air, soil, and water
quality

 Existing health
conditions and
disabilities

 Coping

 Parks

 Transportation

 Community centers

 Community noise

 Social cohesion and
inclusion

 Disease vectors

 Political participation

 Economic
development
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This rapid HIA focuses on the health determinants of environmental conditions that could be controlled or
otherwise changed through decision‐making related to the SCSMAP. Those environmental conditions
primarily affected by strategies included in the SCSMAP include air, soil, and water quality.
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Swift Creek and Vicinity
Area of Concern
The Swift Creek watershed, the subject of the SCSMAP, is located in Whatcom County, Washington near the
city of Nooksack. Swift Creek is tributary to the Sumas River, which flows northward through the City of
Sumas, crosses the international boundary with Canada, and eventually flows to the Fraser River system in
Canada (Figure 2). The Swift Creek watershed and the Sumas River into which it flows comprise the area of
concern (AOC) for this HIA (Figure 3).

Physical Features
The headwaters of the Swift Creek watershed are located on the ridge of Sumas Mountain. The Dale Creek
watershed, the source of the headwaters of the Sumas River is also located on Sumas Mountain (Figure 3).
Dale Creek is located southwest of Swift Creek. The Swift Creek watershed includes two forks that comprise
the upper watershed area, and three lower reaches that comprise the lower watershed area. The upper
watershed includes a large (225‐acre) landslide and a steep canyon that encompasses the slide. The lower
watershed is encompassed within an alluvial fan area that extends outward from the upper watershed to
approximately Swift Creek’s confluence with the Sumas River. The Swift Creek alluvial fan and the Sumas
River floodplain are shown on Figure 3.
The Sumas River watershed encompasses approximately 172 square miles from its headwaters on Sumas
Mountain in Whatcom County to its confluence with the Fraser River in British Columbia, Canada. Flows are
conveyed northeast from Whatcom County into Canada where the river traverses the low‐lying floodplain of
Sumas Prairie, a region of the Fraser Valley, to the Fraser River via the Vedder Canal. The Sumas River is
subject to periodic overflows from the Nooksack River.

Land Use
SWIFT CREEK WATERSHED
The Swift Creek alluvial fan is sparsely populated. Land use on the fan consists primarily of agriculture, single‐
family residences, and several businesses. Businesses include the Ostrom Mushroom Farm and the Great
Western Lumber sawmill. No buildings or residences are located near the fan apex, which is the most
hazardous location on the fan.
Most of the lower fan was cleared of trees by the late 1800s for agriculture. The upper fan was also likely
cleared during the same period for the timber, although a large wooded area of mixed second growth
deciduous and coniferous trees has re‐established.
Four public county roads (Oat Coles Road, Goodwin Road, Massey Road, and South Pass Road) cross the fan;
Oat Coles Road and Goodwin Road cross Swift Creek. A major gas pipeline is located in an underground Swift
Creek crossing approximately ½‐mile east (upstream) of Goodwin Road.
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SUMAS RIVER WATERSHED
The Sumas River flows through the City of Nooksack and the City of Sumas on the U.S. side of the
international border and through the City of Abbotsford and the City of Chilliwack on the Canada side of the
international border. The Sumas River flows northeast through Sumas and into Canada where it traverses a
region of the Fraser Valley known as the Sumas Prairie before reaching the Fraser River system. Major Sumas
tributaries on the U.S. side of the international border include Breckenridge Creek and Johnson Creek. Swift
Creek is considered a minor tributary.
The Sumas River
floodplain outside of the
incorporated cities
through which it flows,
like the Swift Creek
watershed, is sparsely
populated. Primary small
farms and residences are
located in the floodplain.
Zoning and primary uses
are shown on Figure 4.
State Route 9 roughly
follows the Sumas River
from Nooksack to the
international border in
Sumas.

FIGURE 4. SUMAS WATERSHED LAND USE AND PERMIT ACTIVITY
(SOURCE: WRIA 1 WATERSHED MANAGEMENT PROJECT: 2010 STATE OF THE
WATERSHED)
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Contaminants of Concern
Primary health concerns in the AOC relate to chrysotile asbestos (Mg3(Si2O5)(OH)4) and the metals Cobalt
(Co), Chromium (Cr), Manganese (Mn) and Nickel (Ni). The relatively unique geologic setting of the Swift
Creek watershed, inclusive of the landslide and the alluvial fan, results in a setting in which these natural
contaminants are delivered throughout Swift Creek and the Sumas River in stream flows. The Swift Creek
landslide includes a geologic deposit that contains asbestos; fine‐grained sediment that contains asbestos is
delivered downstream in a milky colloidal suspension within Swift Creek flows. Asbestos and metals in the
sediment originate from serpentinite, a low‐grade rock formed by serpentinization, a hydration and
metamorphic transformation of ultramafic rock from the Earth's mantle. Glacial deposits, primarily coarse
gravel and small cobble, are also delivered downstream, filling the stream channel and causing overbank
flooding that carries contaminants beyond the stream channel onto the floodplain.

Contaminant Background Data
Data Collection Background
In the 1970s, Hans Schreier, a professor at the University of British Columbia, embarked on a series of studies
to further understanding of asbestos fibers in the hydrologic cycle, and once there, the effects on a variety of
other systems in relation to health. The body of Hans Schreier’s work from the 1970s until his recent 2009
paper has been invaluable in understanding Swift Creek‐source serpentinitic sediment and its effects on Swift
Creek and the Sumas River.
In the 1990s, Whatcom County and the Northwest Air Pollution Authority completed studies to determine
asbestos concentrations in Swift Creek sediment and in a field inundated by Swift Creek flooding.
Beginning in 2005, Whatcom County Public Works (WCPW) and Whatcom County Health Department (WCHD)
began working with other agencies to further overall understanding of potential health risks associated with
Swift Creek sediment.


WCPW, in 2005, requested that the Washington Department of Labor & Industries assess the potential
occupational health risk of Swift Creek sediment.



In response to the U.S. Environmental Protection Agency (EPA)’s concerns about the fate of Swift Creek‐
source sediment, WCPW and WCHD, in 2006, asked EPA to characterize the nature and extent of asbestos
in stockpiled Swift Creek sediment, including potential health effects to local residents and site visitors.



The WCHD requested a health consultation from the Washington State Department of Health (WDOH) in
2006. WDOH completed an evaluation of health statistics and public health data gaps related to Swift
Creek in 2008.



EPA, in 2007, conducted soil sampling along Swift Creek to determine potential exposure levels to Swift
Creek sediment. In addition, EPA re‐structured lower Swift Creek dredge piles and stabilized piles with a
dust suppressant.



EPA, in response to January, 2009 flooding of the Sumas River, initiated a water, soil, and sediment
sampling program to evaluate the effects of the flood. 2010 follow‐up included re‐sampling several of the
2009 sampling locations, as well as activity‐based air analysis.
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DOH, in 2010, completed a follow‐up to their 2008 analysis. The 2010 analysis included a cluster
investigation that was completed in response to EPA’s 2009 asbestos‐related environmental analyses to
assess asbestos‐related afflictions of those living in the AOC compared to Washington State as a whole.



In 2012, EPA and WCPW initiated groundwater studies in the Swift Creek watershed for asbestos and
metals.

The City of Abbotsford in British Columbia, Canada, initiated an occupational health study of its workers who
handle Swift Creek‐source sediment within the Sumas River basin in Canada. The analysis was completed in
2010 by Golder Associates.

Data Sources
Potential human health impacts associated with Swift Creek sediments have been the subject of ongoing air,
surface water, and groundwater monitoring programs for decades. Involved agencies include the WCHD,
WCPW, the Washington State Department of Ecology (Ecology), the WDOH, EPA, the U.S. Soil Conversation
Service (NRCS), the U.S. Geological Survey (USGS), and the Canadian Ministry of the Environment. Major
documents reviewed in the preparation of this HIA are included in Table 2. Additional supporting studies are
noted in the references section of this HIA.
TABLE 2. SWIFT CREEK ANALYSES AND DATA SOURCES

Year

Study / Evaluation

1976

Converse Davis Dixon Associates, 1976. Final Geotechnical Report: Swift Creek Tributaries Sumas River
Watershed. Final geotechnical report prepared for Soil Conservation Service.

1980

Schreier, H. and Taylor, J., 1980. Asbestos Fibres in Receiving Water. Environment Canada, Technical Bulletin
117, Inland Pacific Waters Directorate, Pacific and Yukon Region, Water Quality Branch, Vancouver, British
Columbia.

1982

Schreier, H. and Taylor, J., 1982. Variations and Mechanisms of Asbestos Fibre Distribution in Stream Water.
Environment Canada, Technical Bulletin 118, Inland Pacific Waters Directorate, Pacific and Yukon Region,
Water Quality Branch, Vancouver, British Columbia.

1984

Schreier, H. and Nguyen, T., 1984. Linking Metals with Asbestos Fibres in a Rural Environment Affected by
Serpentinitic Sediments. National Research Council Associated Committee on Scientific Criteria for
Environmental Quality.

1990

Landau Associates, 1990, Swift Creek Investigation Report Whatcom County Washington. Prepared for
Whatcom County Public Works.

1990

Blake, D., 1990, Swift Creek Asbestos Health Risk Assessment, Northwest Air Pollution Authority Report.

2004

Whatcom County Public Works. 2004. Analysis of selected metals in Swift Creek sediment to background
levels of Washington State (Ecology Public #94‐115).

2005

Whatcom County Health Department, 2005, Solid Waste Program Sampling and Analysis Report: Swift Creek
Naturally Occurring Asbestos Site.

2006

United States Environmental Protection Agency, Region 10, Office of Environmental Assessment (OEA),
2006, Activity‐Based Sampling at The Swift Creek Asbestos Site, August 21‐25, 2006.

Ecology and Environment, Inc. (E & E), November 2006, Swift Creek Asbestos Integrated Assessment,
Final Report, Everson, Washington, prepared for the U.S. Environmental Protection Agency, Contract
Number EP‐S7‐06‐02, Seattle, Washington.

Januch, Jed, April 27, 2006, Investigator, Office of Environmental Assessment, EPA Region 10,
memorandum to Denise Baker, Site Assessment Manager, Office of Environmental Clean‐up, EPA
Region 10, regarding Case Narrative for Asbestos Analysis by Stereomicroscope and Polarized Light
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Microscopy for Samples from Swift Creek.
Januch, Jed, David Frank, and Lorraine Edmond, July 24, 2006, Office of Environmental Assessment,
EPA Region 10, memorandum to Denise Baker, Site Assessment Manager, Office of Environmental
Clean‐up, EPA Region 10, regarding Trip Report and X‐ray Diffraction Analysis of Samples

2006

Washington State Department of Health (WDOH), March 31, 2006, Health Consultation, Swift Creek Sediment
Asbestos, Whatcom County, Washington.

2007

Wroble, Julie, February 8, 2007, EPA Region 10 Toxicologist, memorandum regarding Risk Evaluation for
Activity‐Based Sampling Results, Swift Creek Site, Whatcom County, Washington, to Denise Baker‐Kircher,
EPA Region 10 Site Assessment Manager, Seattle, Washington.

2007

Ecology and Environment, Inc. 2007. Summary Report of EPA Activities Swift Creek Asbestos Site Whatcom
County, Washington. U.S. EPA, Region 10 in Cooperation with: Agency for Toxic Substances Disease
Registry, Northwest Clean Air Agency, U.S. Army Corps of Engineers, Washington State Department of
Ecology, Washington State Department of Health, Whatcom County Health Department, Whatcom County
Public Works.

2008

The Washington State Department of Health, 2008, Swift Creek Sediment Asbestos Site, Everson, Whatcom
County, Washington.

2009

United States Environmental Protection Agency, Region 10, Office of Environmental Assessment (OEA),
2009. Soil, Sediment and Surface Water Sampling, Sumas Mountain Naturally‐Occurring Asbestos Site
Whatcom County, Washington.

2010

West, N. and Patrick, G., 2010. Sumas Mountain/Swift Creek Asbestos Cluster Investigation. Environmental
Epidemiology Division of Environmental Health Washington State Department of Health.

2010

Golder and Associates, 2010, Occupational Exposures to Municipal Workers to Naturally Occurring Asbestos.

2010

Wroble, J., 2010, Environmental Monitoring for Asbestos: Sumas Mountain Asbestos Site Selected Residential
Properties, US EPA Bulk Sampling and Analysis Activity Based Sampling Surface Water Sampling.

2011

Wroble, J., 2011, Memorandum: Risk Evaluation for Activity‐Based Sampling Results, Sumas Mountain
Asbestos Site, Whatcom County, Washington. revision 1.1, U.S. Environmental Protection Agency.

The WCHD requested a health consultation from the WDOH in 2006 and 2008 to assess potential public health
risks in the AOC from Swift Creek‐source sediment, and WCPW requested the Washington Department of
Labor & Industries (WSDLI) in 2005 to assess the potential occupational health and safety risk from Swift Creek
sediment management activities.

Asbestos
Asbestos fibers in outdoor soil, indoor dust, or other source materials typically are not inherently hazardous,
unless the asbestos is released from the source material into air where it can be inhaled. Breathing asbestos
fibers can lead to adverse health effects, including diseases of the lungs. Diseases that are linked to airborne
asbestos exposure most frequently include asbestosis, pleural changes, lung cancer and mesothelioma (EPA
2011).

Regulatory Structure
Chrysotile is the primary type of asbestos found in Swift Creek sediments; other forms of asbestos (amphibole)
have also been identified a low concentrations in Swift Creek sediment. The regulatory definition of chrysotile
asbestos by the Occupational Safety and Health Administration (OSHA) is “fibers that are at least five
micrometers (µm) in length with an aspect ratio greater than or equal to 3:1”.
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AIR
Federal regulation 29 CFR 1910.1001(c)(1) identifies permissible exposure limits (PEL), for employees in the
workplace, as airborne concentration in less than 0.1 fibers per cubic centimeter (f/cc) of air as an eight‐hour
time‐weighted average (TWA) and 1.0 f/cc of air average over a sampling period of thirty minutes. The
Washington State Administrative Code 296‐62‐07705 identifies the permissible exposure limit (PEL) of
asbestos, for employees in the workplace, as 1.0 f/cc averaged over a sampling period of thirty minutes.
Aside from the above worker safety standards, no PEL or other exposure standard for asbestos in air in the
natural environment has been established.
WATER
Asbestos is listed in the EPA National Primary Drinking Water Regulations. Information includes enforceable
Maximum Contaminant Levels (MCLs), the health‐based (but not enforceable) Maximum Contaminant Level
Goals (MCLG), and the aesthetics‐based Secondary MCLs. A given contaminant may have a MCL and a
Secondary MCL, as well as a MCLG.
The National Primary Drinking Water Regulations prescribe a MCLG of seven million fibers per liter (MFL)
(fibers >10 microns in length) and a Maximum Contaminant Level (MCL) of seven MFL for asbestos. The
regulations indicate that no reliable data are available on the acute toxic effects from short term exposure to
ingesting asbestos, and that asbestos has the potential to cause cancer of the lung and other internal organs
from a lifetime exposure at levels above the MCL. Asbestos is not affected by photolytic processes and is
considered to be non‐biodegradable by aquatic organisms. Asbestos does not tend to adsorb to solids
normally found in natural water system, but some metals and organic compounds have an affinity for asbestos
minerals.
An MCL for asbestos in drinking water has been established, but there is currently no standard for non‐potable
surface water. Air and water regulations are included in Table 3.
TABLE 3. APPLICABLE ASBESTOS REGULATIONS

Regulatory Agency

Law, Rule or Regulation

Performance Limit

Air – Permissible Exposure Limit (PEL)
EPA
EPA
Washington State

EPA

29 Code of Federal Regulation (CFR)
1910.1001(c)(1)
29 Code of Federal Regulation (CFR)
1910.1001(c)(1)
WAC 296‐62‐07705

<0.1 f/cc as an eight hour TWA

< 1.0 f/cc over a sampling period of
thirty minutes
< 1.0 f/cc over a sampling period of
thirty minutes
Water – Maximum Contaminant Level (MCL)
National Primary Drinking Water Regulations
7 million fibers, greater than 10
micrometers) per liter (MFL)
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Analytical Methods
Asbestos can be detected in air, water, and bulk materials such as soil and sediment using light and electron
microscopy. The primary methods used in the Swift Creek analyses that have been conducted over time are
included in Table 4.
TABLE 4. ANALYTICAL METHODS FOR ASBESTOS: STRENGTHS AND LIMITATIONS

Analytical Method

Strengths

Limitations

Polarized Light Microscopy
(PLM)

• Uses plane and cross‐polarized light
• Observe multiple physical and optical
properties within a single media
• EPA accepted screening method for
asbestos in bulk samples (e.g., soil,
sediment)
• Uses electron diffraction and energy‐
dispersive x‐ray methods
• Give information on crystal structure and
elemental composition
• Can detect smaller fibers than PCM or
PLM and can determine fiber type
• Best approach for fiber identification,
quantification at low sample
concentrations and small fiber size
• Useful only when the main source of dust
is expected to be asbestos
• National Institute for Occupational Safety
and Health’s (NIOSH) method 7400
• Powerful tool for crystalline phase
identification
• Bulk analysis (~ 2 grams of material)
• First line of action in determining if
potential asbestos minerals are present in
a bulk material

• Detection for this method is typically
0.25‐1% asbestos by weight
• Method fails with fine fibers

Transmission Electron
Microscopy (TEM)

Phase Contrast Microscopy
(PCM)

X‐ray Diffraction (XRD)

•

•

Accuracy limited with low
concentration soil samples if few
grids counted
Time consuming and more costly

• Method does not distinguish
asbestos from fiberglass, cellulose or
other fiber types
• may not detect very thin fibers
• Quantification tedious
• Detection can vary by the material.
• Result is % of OVERALL amphibole/
serpentine content
• Cannot determine morphology

For samples collected in more recent Swift Creek and Sumas River studies, EPA instituted use of PCM‐
equivalent (PCMe). PCMe was applied to supplement the basic counting dimensions (>5um long; ≥3:1 aspect
ratio) used in PCM with mineral identification through the crystal structure analysis provided by TEM. The
PCMe method is typically employed because, though a particle may fit the counting criteria of the PCM
analysis and it is one of the minerals that can form asbestos, does not mean that the particle is asbestos. In a
mixed dust environment such as is found at Swift Creek and along the Sumas River, PCMe is used to determine
the percentage of fibers that are asbestos.

Extent in the Area of Concern
The primary routes of potential human exposure to asbestos are inhalation and ingestion. Dermal absorption
of asbestos is less likely to occur in this setting, but dermal contact may lead to secondary ingestion or
inhalation of dust (National Toxicity Program, 2011). Asbestos in Swift Creek sediment is deposited within
Swift Creek, itself, and the Sumas River and remains in the stream sediments; is carried in the streamwater;
and is deposited on the Swift Creek alluvial fan and Sumas River floodplain during flood events. Potential
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exposure routes for Swift Creek‐source asbestos include:


Air as sediments dry and become entrained



Surface water as sediments are carried downstream



Groundwater where it contacts Swift Creek sediment



Sediment and soil in depositional areas.
AIR

Air sampling has been conducted within the AOC by several agencies since 1990. The Northwest Air Pollution
Authority (NWAP) conducted air sampling in an area north of South Pass Road near Oat Coles Road to
determine potential health effects from agricultural activities. Washington State Department of Labor &
Industries (WSDLI) conducted safety and health monitoring of Whatcom County employees. The U.S.
Environmental Protection Agency (EPA) conducted activity‐based and stationary air analyses to determine
effects on area residents.
1990 ‐ NWAPA
Air sampling was conducted during a health risk analysis conducted in 1990 by the Northwest Air Pollution
Authority (NWAPA). The study area was located on the north side of the South Pass Road (Figure 5). Air
samples were collected in September, at various flow rates, before and during cultivation activities on the
adjacent farmland and analyzed for all fibers, using PCM and for asbestos fibers specifically using TEM.
Results of PCM sampling and analysis indicated the following:


No fiber counts exceeded 0.1 f/cc except for the farmer’s breathing zone ceiling exposure of 0.24 f/cc.



The eight‐hour TWA for the farmer exposure was 0.029 f/cc.

Results of TEM sampling and analysis indicated the following:


The 8‐hour Total Weight Average (TWA) of the farmer’s exposure to asbestos fibers was 0.018 f/cc (note:
this sample included all asbestos structure >0.5 microns in length and >5:1 aspect ratio).

2005 ‐ WSDLI
The Washington State Department of Labor and Industries (WSDLI) conducted a safety and health evaluation
of county employees working around the Swift Creek AOC in 2005. Personal and representative air
monitoring for airborne asbestos was conducted for six employees and three areas over a two day period.
Heavy equipment was on site during the sampling. Soils were worked in a moist state, and creek roadway dust
was controlled with a water truck. Sample results for both days indicated that airborne asbestos fiber
concentration was well below the PEL of 0.1 f/cc.
2006 ‐ EPA
EPA conducted activity‐based sampling simulating the activities of loading and unloading dredged material
with heavy equipment, shoveling and raking dredged material over a surface, and recreational activities near
Swift Creek including mountain biking, jogging, and walking. Sampling was conducted during average
summer weather conditions: light breeze (0 – 8.5 mph), temperature ranges between 58 and 75 degrees, no
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precipitation. Swift Creek‐source sediment was slightly moist (average 7% moisture content). Data indicated
that, based on environmental conditions for this single sampling event, the activity of loading and unloading
dredged material resulted in slightly higher airborne asbestos concentrations than other monitored activities.
Data for the 2006 activity‐based sampling event are included in Table 5.
2010 – EPA
In August, 2010, EPA conducted activity‐based air sampling to better understand the implications of Sumas
River flooding and associated deposition of Swift Creek‐source sediment on the floodplain. The Sumas River
flooded in January 2009 (Figure 6). Sampling was conducted on agricultural and residential properties north of
Nooksack and south of Sumas including a farm on Telegraph Road, a residence and adjacent corn field on
Gillies Road, a residence and business on Gillies Road. Activity simulations included excavating and moving
flood deposits via wheelbarrow, then spreading sediment in loafing pens; walking in fields; and mowing/raking
lawn areas that had been subject to 2009 flooding. The average wind speed during sampling activities ranged
from approximately 1 to 9 mph and the average temperature ranged from 69 to 87 degrees. Personal air
sampling results are presented for both high magnification and low magnification analyses. Low
magnification analysis was conducted in an attempt to improve analytical sensitivity. As stationary air
monitoring results are presented as high magnification only, Table 5 includes high magnification results for
personal air sampling to allow direct comparison. Presented results are averages for each activity.
TABLE 5. AIR ANALYSES WITHIN THE SWIFT CREEK AND SUMAS RIVER WATERSHEDS

Organization

Year

No. of
Samples

Location

Method

Asbestos
concentration

NWAPA

1991

22

Air samples
near active tilling in
fields adjacent to
Swift Creek

PCM and
TEM

<0.1 f/cc

WSDLI

2005

16

PCM

<0.004 – 0.018 f/cc

EPA ‐ Activity Based
Sampling

2006

6

Personal Air Samples
Occupational activities
near Swift Creek
Loading Dredged
Materials onto Dump
Truck with a Front‐end
Loader – Swift Creek

PCMe

Personal Air Samples:
0.0776 f/cc average
Stationary Air Samples:
0.028 f/cc average max.
value from North

EPA ‐ Activity Based
Sampling

2006

6

Personal Air Samples
– Shoveling and
Spreading Materials
with a Rake – Swift
Creek

PCMe

Personal Air Samples:
0.0186 f/cc average
Stationary Air Samples:
0.00345 f/cc average max.
value from East 2

EPA ‐ Activity Based
Sampling

2006

6

Personal Air Samples
– Walk, Bike, Jog
along Swift Creek

PCMe

Personal Air Samples:
0.0292 f/cc average
No stationary monitors.

EPA ‐ Activity Based
Sampling

2010

2

Personal Air Samples
– Walking in Field

PCMe

Personal Air Samples:
0.1181 f/cc average
No Stationary Air Samples
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EPA ‐ Activity Based
Sampling

2010

4

Personal Air Samples
– Loading, Raking,
Spreading Sediment

PCMe

Personal Air Samples:
0.5613 f/cc average
Stationary Air Samples for
Loading: 0.0159 f/cc
average
Stationary Air Samples for
Spreading: 0.2869 f/cc
average

EPA ‐ Activity Based
Sampling

2010

3

Personal Air Samples
– Raking/Mowing
Lawn Near House

PCMe

Personal Air Samples:
0.0050 f/cc average
Stationary Air Samples:
0.0009 f/cc average

EPA ‐ Activity Based
Sampling

2010

3

Personal Air Samples
– Raking/Mowing
Lawn Near Shed

PCMe

Personal Air Samples:
0.0212 f/cc average
Stationary Air Samples:
0.0008 f/cc average

EPA ‐ Activity Based
Sampling

2010

2+1
duplicate

PCMe

EPA ‐ Activity Based
Sampling

2010

3+1
duplicate

Personal Air Samples
– Walking in Corn
Field
Personal Air Samples
– Raking Along River

Personal Air Samples:
0.0283 f/cc average
No Stationary Air Samples
Personal Air Samples:
0.0074 f/cc average
Stationary Air Samples:
0.0003 f/cc

PCMe
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SURFACE WATER
Several studies have been conducted on surface water quality in relation to asbestos in the area of concern. A
study on mechanisms of asbestos fiber distribution in Swift Creek and the Sumas River was published in 1982
(Schreier & Taylor 1982). Data on fiber concentration were collected over 10 months sampling major
hydrologic events (decreasing June discharge phase, minimal annual flow in August and October, maximum
annual flow in December, late winter flow in February) of 1979 and 1980. Data were collected at six stations
for the five sampling events (Figure 7). The following conclusions were drawn from the data collection and
analysis:


Data for all sampling locations was characterized asbestos content as “very high”



The lowest concentration was found at the international border sampling location in the August sampling
event



The highest asbestos concentration was found at the sampling location just below the landslide during the
December sampling event



Results showed both geographic and temporal asbestos distribution patterns: asbestos concentrations
decreased geographically from the landslide on Swift Creek to the international border on the Sumas
River, and maximum asbestos concentrations were associated with season high stream and river
discharge.

Schreier & Taylor’s work also included asbestos concentration data collection on the Canadian side of the
border in the Vedder Canal and the Fraser River in 1977 (Schreier & Taylor 1980). These data, collected in 1977,
show that asbestos concentration decreases with distance northward from the international border. Asbestos
concentrations in the Fraser River could not be directly attributed to Swift Creek serpentenite. Shreier and
Nguyen (1984) completed an analysis of surface water in Swift Creek in 1983 and 1984 that included four
sampling locations that mirrored the Schreier and Taylor work from the early 1980s. The trend of diminishing
asbestos concentration with distance from the Swift Creek landslide, along with seasonal variation based on
discharge, was confirmed in the Schreier & Nguyen 1984 published work.
In May 2009, EPA collected surface water samples at 13 points, two of which were located along Swift Creek
and eleven were located along the Sumas River between the confluence of Swift Creek with the Sumas River
and the international border with Canada. One sampling location was located upstream of Swift Creek in the
Sumas River as a control sample. Sampling locations are shown on Figure 7. In August 2010, EPA collected
surface water samples that re‐sampled seven of the 13 locations included in 2009 sampling activities.
Surface water asbestos concentrations measured by EPA in Swift Creek and the Sumas River are included in
Table 6.
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TABLE 6. SURFACE WATER ANALYSES WITHIN THE SWIFT CREEK AND SUMAS RIVER WATERSHEDS (MFL)

Location
Upstream Sumas River Control (Massey)

EPA (2009)
0.19U

EPA (2010)
1.0U

Goodwin Bridge

1241

Oat Coles Bridge

923

South Pass Bridge

63

Nooksack City Park

293

Telegraph Road

879

8.5

Gillies Road

300

2.4

Alm Road

544

Lindsay Road

530

N. Telegraph Road

321

4.4

N. Telegraph Road 2

265

4.1

Front Street / Rock Road

213

Jones Road / International Border

168

3.1

1.7

EPA sampling results for 2010 included much lower concentrations of asbestos fibers than the 2009 sampling
event. Factors for this difference may include water levels, flow rates, meteorological conditions as identified
by Schreier and Taylor (1982), or other unidentified factors.
GROUNDWATER
The area of concern is underlain by a regionally extensive unconfined to semi‐confined aquifer that serves as a
water source for water wells that serve as domestic and industrial water supplies and as irrigation wells. Wells
are located on the lower flanks of Sumas Mountain, including the alluvial fan within the Swift Creek drainage
and extend throughout the valley floor near the Sumas River.
Seven monitoring wells have been established in the Swift Creek watershed to examine, in part, the potential
for presence of asbestos in area groundwater. The Whatcom County Health Department established three
monitoring wells on the lower Swift Creek alluvial fan in 2009. Bennett Engineering developed and sampled
these wells in April and June 2009. Four additional wells were established on the right bank within the
Goodwin Reach of Swift Creek in 2010. Sampling of these four wells began 2010. Ecology & Environment
sampled the wells in July 2012, along with the three wells in the lower alluvial fan and several domestic wells.
Because of elevated turbidity as a result of sediment presence in monitoring wells, Ecology & Environment
then fully developed (pumped) and re‐sampled the Goodwin Reach wells in October 2012; lower alluvial fan
wells were also sampled. Whatcom County Public Works initiated groundwater sampling in 2012
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and sampled all seven monitoring wells in October 2012. Well locations are shown on Figure 8. Table 7
includes results from all sampling events. Results are presented as regulatory MFL which, by counting criteria
(refer to Table 3) includes fibers >10µm.
TABLE 7. GROUNDWATER ANALYSES WITHIN THE SWIFT CREEK AND SUMAS RIVER WATERSHEDS

Well

Bennett
4/9/2009

PMW‐01 (MFL >10 μm)
PMW‐02 (MFL >10 μm)
PMW‐03 (MFL >10 μm)
PMW‐04 (MFL >10 μm)
HMW‐01 (MFL >10 μm)
HMW‐02 (MFL >10 μm)
HMW‐03 (MFL >10 μm)

Ecology &Environment
6/2/2009

7/19/2012

AESI

10/10/2012

10/17/2012

230

0.39

<0.19

<6.9

<0.49

<0.19 – 0.19

2.3

<0.19

<0.19

14

.19

0.97

<0.14

<0.19

‐‐

<0.19

0.78

<0.561

<1.519

‐‐

<4.9

Sample lost

<0.561

<1.519

‐‐

<4.9

<9.70

At the conclusion of the 2012 sampling events by EPA (Ecology & Environment) and Whatcom County (AESI),
project hydrogeologists agreed that asbestos concentration in groundwater is directly related to groundwater
contact with Swift Creek sediment. It was determined that in the absence of sediment, asbestos is also
absent. Therefore, asbestos fibers, themselves, do not travel in the groundwater column independently.
SEDIMENT
Sediment sampling and analysis has been conducted in the Swift Creek watershed to characterize sediment to
assess asbestos concentrations and associated potential health risk. EPA (2006) note that asbestos‐
containing sediment, when dry, can quickly become an inhalation hazard.


A study was conducted in 1990 by Landau Associates on behalf of Whatcom County to assess health
considerations associated with Swift Creek sediment handling.



The Northwest Air Pollution Authority collected sediment samples in conjunction with air and water
sampling in 1991 to assess the level of potential human exposure to Swift Creek‐source sediment
deposited on a field during the 1975 Swift Creek flood.



The Whatcom County Health Department, in 2005, sampled dried Swift Creek bed sediment to assess
asbestos concentrations. The study was conducted to compare PLM method results to TEM‐based
analysis results.



In 2006, EPA collected soil samples from Swift Creek dredged material. Sampling was conducted at the
landslide toe, in the dry creek bed, at the surface of dredge piles, and some samples were a composite of
materials throughout dredged sediment stockpile profiles. Analysis of eight samples was completed by
PLM.



In 2009, EPA collected soil and Swift Creek‐source sediment samples to determine asbestos
concentrations in depositional material from the January 2009 flood.

Results of these studies are included in Table 8. Sampling methodologies for these studies varied according to
individual work plans and, as such, are not directly comparable. Each study is considered an individual
“snapshot” of asbestos concentration in given sediment samples. Results are expressed in percent of asbestos
present in samples. Analysis method is also provided. Sampling locations are shown on Figure 9. Note that
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EPA collected sediment samples in 2010 to determine asbestos content in sediment in the three locations
where activity‐based air sampling was conducted. The three sampling locations included in the analysis
ranged from zero near a residence, up to 15.5% along the Sumas River bank, and up to 17% in adjacent fields.
TABLE 8. SEDIMENT ANALYSES WITHIN THE SWIFT CREEK AND SUMAS RIVER WATERSHEDS

Location

Landau (1990)

Analysis Method
Upstream Sumas River
Control (Massey)
Landslide Toe
Lower Goodwin Reach
Goodwin Bridge

1‐3%
1‐3%

Middle Oat Coles Reach

1‐3%

NWAPA
(1991)

EPA (2006)

PLM

PLM

PCM

XRD

EPA (2009)
PLM
0.5%

10% ‐ 30%
24%

Bank: 1.75%
Upland: 32.75%
Dredge Pile

Oat Coles Bridge
N. of South Pass Road
South Pass Bridge

WCHD (2005)

12%

1.7%
5‐10%

Bank: 17.75%
Upland: 2.88%

<1%
1‐3%

Nooksack City Park
Telegraph Road
Gillies Road
Alm Road

Bank: 7.25%
Upland: 0.25%
Bank: 8.5%
Upland: 16.5%
Bank: 22.75%
Upland: 6.25%
Bank: 11.00%
Upland: 3.50%
Bank: 11.00%
Upland: 19.25%

Lindsay Road

Bank: 15.75%
Upland: 15.00%

N. Telegraph Road

Bank: 14.38%
Upland: 7.00%

N. Telegraph Road 2

Bank: 10.25%
Upland: 10.25%

Front Street/Roack Road

Bank: 15.50%
Upland: 16.50%

Jones Road/International
Border

Bank: 21.25%
Upland: 26.75%
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Metals
Schreier and Nguyen (1984) provided an ecological perspective of soils that include serpentine asbestos.
These soils typically have low nutrient levels [nitrogen (N), phosphorus (P), potassium (K)], are poor in terms of
physical structure, are unbalanced in calcium‐to‐magnesium ratio, and are very high in certain metals.
Schreier and Nguyen note that, in serpentinic soils, the silica matrix dissociates at pH lower than 8.0, releasing
cobalt (co), chromium (cr), manganese (mn), and nickel (ni), at rates high enough to cause metal toxicity.

Regulatory Structure
Water quality standards for surface waters of the State of Washington are described in WAC Chapter 173‐
201A. Surface water quality standards were established to maintain public health and public enjoyment of the
waters and protection of fish, shellfish, and wildlife. WAC 173‐201A, Table 240(3) identifies toxic substance
criteria for freshwater. Water quality standards for groundwater of the State of Washington are described in
WAC Chapter 173‐200. Groundwater quality standards were established to maintain the highest quality of the
state's groundwaters and protect existing and future beneficial uses of groundwater through the reduction or
elimination of the discharge of contaminants to the state's groundwaters.
Table 9 includes the surface water and groundwater quality criteria for metals noted by Schreier and Nguyen
(1984) to dissociate from serpentinic sediment such as that produced from the Swift Creek landslide.
TABLE 9. WATER QUALITY STANDARDS, WAC 173‐201A TABLE 240(3) AND WAC 173‐200.

Surface Water (WAC 173‐201A)
Substance

Acute

Chronic

Cobalt
Chromium
(Hexavalent)
Chromium
(Trivalent)

NA
15.0 μg/L

NA
10.0 μg/L

Groundwater
(WAC 173‐200)

NA
0.05 mg/l
(primary contaminant)

≤ (0.316)(e(0.8190[
ln(hardness)] + 3.688)) A 1‐

≤ (0.860)(e(0.8190[
ln(hardness)] + 1.561)) A 4‐

hour average concentration
not to be exceeded more
than once every three years
on the average.

day average concentration
not to be exceeded more
than once every three years
on the average

Manganese

NA

NA

0.05 mg/l

Nickel

≤ (0.998)(e(0.8460[
ln(hardness)] + 3.3612)) A

≤ (0.997)(e(0.8460[
ln(hardness)] + 1.1645)) A

NA

1‐hour average concentration
not to be exceeded more
than once every three years
on the average.

4‐day average concentration
not to be exceeded more
than once every three years
on the average.

(secondary contaminant)

Metals found in Swift Creek sediment, with the exception of cobalt, are listed in the EPA National Primary
Drinking Water Regulations which includes the following information.


The National Primary Drinking Water Regulations prescribe an MCLG of 0.1 mg/L; and an MCL of 0.1 mg/L
for chromium. Acute exposure to chromium, above the MCL, can cause skin irritation or ulceration.
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Chronic exposures can cause damage to the liver, kidney circulatory and nerve tissues, and dermatitis.
There is no evidence that chromium in drinking water has the potential to cause cancer from lifetime
exposures in drinking water.


The National Primary Drinking Water Regulations prescribe an MCLG of 0.1 mg/L; and an MCL of 0.1 mg/L
for nickel. EPA has not found nickel to potentially cause health effects from acute exposure at levels
above the MCL. Chronic exposures can cause decreased body weight, heart and liver damage, and
dermatitis. There is no evidence that nickel in drinking water has the potential to cause cancer from
lifetime exposures in drinking water.



The secondary standard for manganese is an MCL of 50 μg/L. EPA has not found manganese to
potentially cause health effects from acute exposure at levels above the MCL. Chronic exposures can
cause decreased body weight, heart and liver damage, and dermatitis. There is no evidence that
manganese in drinking water has the potential to cause cancer from lifetime exposures in drinking water.

Extent in Area of Concern
Exposure to some of the metals known to occur in the AOC can result in acute or chronic health issues. Studies
have indicated that some exposure to certain metals is linked to cancer in humans (US National Cancer
Institute, 1997). The typical primary route of exposure for metals is ingestion, most often through drinking
water. Metals can build up in biological systems and become harmful and, in humans, can result in
cardiovascular disease, can contribute to immunological disorders, and have been found to have disrupting
effects on the reproductive and endocrine systems. Studies have been conducted throughout the AOC to
ascertain metals concentrations in Swift Creek‐source sediment.
SURFACE WATER
The 1984 study conducted by Schreier and Nguyen found that chromium, nickel, and manganese exceeded
standards below the landslide during maximum discharge events. Exceedences were also measured near the
international border during high flow periods. Metals of concern tended to decrease with distance from the
landslide. This study also noted a positive correlation between metals concentration and concentration of
asbestos fibers below 3µm.
EPA, their 2009 and 2010 sampling activities, collected data on calcium and magnesium to determine calcium‐
magnesium ratio, as well as concentrations of chromium, cobalt, manganese, and nickel. Metals
concentrations for surface water samples from Swift Creek and Sumas River were elevated relative to the
upstream location for chromium, manganese, and nickel. Cobalt was detected in all locations except the
upstream location.
GROUNDWATER
Groundwater investigation included analysis for metals of concern, all of which were below drinking water
standards. Groundwater investigations did, however, find concentrations of total aluminum, total/dissolved
arsenic, total/dissolved iron, and total/dissolved manganese higher than applicable regulatory levels in Swift
Creek monitoring wells, including the monitoring well located upgradient of Swift Creek landslide influence.
The monitoring well located upgradient of the Swift Creek alluvial fan complex is considered to be
representative of background ground water conditions, which suggests that these metals (aluminum, arsenic
iron, manganese) may be naturally elevated in the regional aquifer beneath the area of concern.
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SEDIMENT
Metals content of Swift Creek‐source sediment has been studied because of the influence of asbestos‐
containing sediment on water quality.
Schreier and Nguyen (1984) collected sediment samples at four sampling stations between the Swift Creek
landslide and the international border, with one station as an upgradient control. Results of the analysis
showed little evidence of a seasonal trend, but an ongoing trend of magnesium decrease with distance from
the slide. The further sampling location from the slide, the international border, still showed magnesium
concentration higher than background, indicating that serpentine‐based sediment was dominant in the
stream bed.
Whatcom County Public Works collected sediment samples near the Oat Coles Bridge near the confluence of
Swift Creek with the Sumas River in 2004 to compare Swift Creek sediment metals concentrations with
Washington State metals background concentration. Elevated levels of magnesium and nickel were found in
relation to published background data.
EPA sampling conducted in 2009 and 2010 examined concentrations of the five selected metals in soil and
sediment from Swift Creek and the Sumas River. Results showed that all of the metals of concern were
elevated relative to the upstream control location. From data collected, EPA calculated calcium to magnesium
ratio to determine whether the ratio can be used as an indicator of asbestos containing soils, as suggested by
Schreier and Nguyen (1984). EPA found that ratios ranged from 0.0041 to 0.027 in the upland soil and bank
sediment samples (excluding the upstream location); the average of the ratios was 0.012. At the background
location, the Ca:Mg ratio was 0.415. As noted by Schreier and Nguyen (1984), extremely low ratios indicate
the presence of serpentine‐rich sediment; EPA concluded that more study would be necessary to use the
calcium to magnesium ratio as a definitive measure of asbestos presence.
In 2009, the Whatcom County Health Department (WCHD) collected six soil samples from Swift Creek Oat
Coles Reach stockpiles. Ecology & Environment (E&E), on behalf of EPA, conducted follow‐up sampling and
analysis of samples collected at the Oat Coles bridge, the Goodwin Road bridge, and at the base of the Swift
Creek landslide. Chromium concentrations exceeded the 90th percentile natural background soil metals
concentrations for either the Group “W” area or the Puget Sound Region in each of the WCHD 2009 samples
(WCHD, 2009). Cadmium, chromium, iron, and nickel exceeded natural background soil metals
concentrations in each of the E&E 2012 samples, and manganese exceeded natural background
concentrations in E&E 2012 landslide and Goodwin Road bridge samples.
FIGURE 5
FIGURE 6
FIGURE 7
FIGURE 8
FIGURE 9
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Potentially Affected Community
The potentially affected community, for the purposes of this HIA, is defined as those living, working, and
recreating within the AOC. That is, the residents, business owners, workers, and visitors to the area that
includes the Swift Creek alluvial fan and the Sumas River floodplain, as well as those cities into which the
alluvial fan and floodplain extend. While the assessment portion of this HIA is specific to the area
encompassed by SCSMAP activities, it is acknowledged that the potentially affected community extends
beyond the SCSMAP activity area.

The Community
Swift Creek and the Sumas River lie near the foothills of the Cascade Mountains in Northwest Washington.
The population most likely to come in contact with Swift Creek‐source sediment in the area includes residents
in unincorporated Whatcom County adjacent to or near Swift Creek, residents in the nearby cities of Nooksack
and Sumas, those living and working along the Sumas River, and transient populations using the AOC for
recreation. The downgradient end of Swift Creek alluvial fan touches the City of Nooksack, and the Sumas
River floodplain extends slightly into the City of Sumas (Figure 3).

Demographics
The Swift Creek alluvial fan is sparsely populated with residences and small farms and includes two businesses,
the Ostrom Mushroom Farm and the Great Western Lumber sawmill. The Sumas River floodplain is also
relatively sparsely populated with residences and small farms, but does include some businesses support the
surrounding agricultural and logging industries.
The City of Nooksack’s small business district provides basic services including mini‐marts, a fueling station,
mini‐storage, a drive‐in restaurant, farm/garden supply, auto body, bakery, and a post office. Police and fire
support services, as well as public parks are
also provided.
The City of Sumas, located on the Sumas
River near the international border with
Canada, is north of the City of Nooksack.
The central business district is somewhat
larger than the Nooksack business district
and includes similar commercial entities.
The total population of unincorporated
Whatcom County was 87,079 according to
the 2010 Census. WDOH reported a
population of 12,393 in their 2010 report
study area, a study area that extends
beyond the AOC (Figure 10). The 2008
population for the City of Sumas was 1,279
and the 2008 population for Nooksack was

FIGURE 10. WDOH 2008 STUDY AREA
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1,090 (estimated by the Washington State Office of Financial Management). It is likely, therefore, that AOC
population is approximately 50% of the WDOH study area population, based on geographic area differences
and known Nooksack and Sumas populations.
Individuals of the 2010 census for Whatcom County identified themselves into the following groups:








74, 853 (85.9%) as White with 2,805 (3.2) of this group identifying as Hispanic
571 (0.065%) as Black or African American
4,031 (4.6%) as American Indian or Alaska Native
1,939 (2.2%) Asian
172 (0.019%) as Native Hawaiian/Other Pacific Island
2,598 (2.98%) as some other race
2,915 (3.3) as two or more races.

It is likely that the percentages of races within the grouped demographics for Whatcom County as a whole also
extend to the AOC.
Lung disease and other pulmonary inflictions can be caused or influenced by lifestyle choices. Smoking is the
most relevant of these choices since it can exacerbate the human health‐related issues of asbestos exposure.
Recent information from the WSDOH indicates that 14.9% of adults in Whatcom County smoke cigarettes and
11.0% of Whatcom County adults report exposure to second hand smoke in their homes.
In Washington State, except for American Indians and Alaska Natives, within each of the remaining racial and
ethnic group assessed, the age‐adjusted lung cancer mortality rates for males were significantly higher than
females. For Whatcom County and the WDOH study area, WDOH found that rates for lung and bronchial
cancer are lower than the state rate by more than chance alone, and the rate for mesolthelioma is lower than
the state rate.

Stakeholder Engagement
Whatcom County and EPA have held several public meetings to discuss health risk and obtain community
input on issues related to Swift Creek sediment. HIA uses a process known as "scoping" to obtain enough data
and stakeholder input to identify the most important potential health impacts related to a proposal as seen by
the community. As this HIA is considered a “rapid” HIA that is largely based on existing data, the scoping
utilizes information gathered from previous meetings. These meetings were held in in August and November,
2007 and October, 2008.
The Swift Creek / Sumas River stakeholder engagement process yielded a broad spectrum of concerns,
comments, and viewpoints. These comments, concerns, and viewpoints are included in Table 10. Most
stakeholder comments focused on health issues, but several were related to use of Swift Creek sediment,
liability, and suggestions for managing Swift Creek problems.
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TABLE 10. STAKEHOLDER QUESTIONS, COMMENTS, VIEWPOINTS

Topic

Question / Comment / Viewpoint


What is the background asbestos level (gravel pits, other streams)?



Would that change the outcome of the study (recommendations and
regulations)?



What has been/is being done?



What about the landslide hazard?



Wetlands were created as a result of the stockpiles.



What defines “acceptable” health risks?



What is the “relative risk” when compared to other things?



What about the assumptions of exposure (dry conditions, amount of time),
don’t they overestimate the risk?



Why isn’t anyone investigating the health risks in the Sumas Valley?



What about the risk from air blown dust from the piles?



Who is going to manage this problem?

Health Statistics



Why are there no increases in asbestos‐related deaths identified?

Property



What about the damage to property values?

Sediment Handling



Why can’t the public (private parties/companies) continue to remove the
sediment for off‐site uses (explicitly fill under roadways)?



What about sorting material or diluting it?



Who regulates it and what regulations apply?



What are the liabilities?



Off‐site hauling (sorting)



Detention pond



Separating the North Fork of Swift Creek from South Fork (NOA source)

Environmental Analysis

Environmental Issues

Health Risk

Suggested Management
Strategies
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SCSMAP HIA
Screening
The Swift Creek Sediment Management Action Plan (SCSMAP) was selected for the HIA process by Whatcom
County Public Works (WCPW) and the Whatcom County Health Department (WCHD) due to potential health
risks associated with NOA and metal containing sediments originating from the Sumas Mountain Landslide.
The SCSMAP is a good candidate for the HIA process because there are potential human health impacts
involved in managing Swift Creek sediment. The goal of this HIA process is to provide decision‐makers and
community members with qualitative information to facilitate a more thorough understanding of the health
impacts associated with strategies proposed in the SCSMAP and to elucidate the impact of management of
the Swift Creek Watershed over time.
Those who might be affected by implementation of the SCSMAP include neighborhood residents,
downstream users of Swift Creek source waters, down‐gradient users of groundwater, transient users of the
AOC, and site workers implementing SCSMAP strategy‐based projects.
Individuals of all economic levels in the identified populations could potentially be affected by projects that
could result from SCSMAP implementation.
Decisions‐makers in the screening process included representatives from Whatcom County Public Works
(WCPW) and the Whatcom County Health Department (WCHD).

Scoping
Scoping sets boundaries for, and considers how the HIA should be conducted. The scoping process for the
SCSMAP HIA involved a meeting on June 20, 2012 where representatives from the WCPW and the WCHD
determined the goals, objectives, boundaries, and conditions of the SCSMAP HIA.
At the scoping meeting, participants discussed the contents of the management plan and the health
implications associated with implementation of identified SCSMAP strategies. In addition, the scoping
meeting provided a valuable overview of the HIA process, ensuring a common understanding of the
subsequent steps within the allotted timeframe for the assessment.
Meeting members decided the scope for the HIA would be to determine potential benefits and risks of
implementing strategies identified in the SCSMAP using the Rapid HIA assessment process. A Rapid HIA is
one that uses a limited amount of existing information to prepare an HIA in a relatively short period of time,
typically in a matter of weeks. It was determined during scoping that, ideally, the SCSMAP HIA would consider
SCSMAP strategies in relation to potentially affected populations and make recommendations to maximize
health benefits and minimize potential human health impacts.
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Assessment
This assessment is designed to analyze potential human health impacts of asbestos and metals contaminants
in relation to determinants for environmental conditions of air, soil, and water. Potential human health
impacts for identified populations are evaluated, risk evaluations are reviewed, data gaps are listed, and
potential impacts from implementation of the SCSMAP are evaluated.
ASBESTOS
The International Agency for Research on Cancer (IARC) has concluded that all commercial asbestos fibers
may cause lung cancer and mesothelioma, and has found conclusive evidence that asbestos also causes
laryngeal and ovarian cancers (Report on Carcinogens, Twelfth Edition, 2011). Likewise, the World Health
Organization (WHO) has concluded that all forms of asbestos, including chrysotile, may cause cancer. The
magnitude and duration of exposure required for manifestation of the above mentioned conditions is highly
variable. The following have been implemented to reduce potential human health impact from asbestos:


In response to results from the 2006 health consultation, WCHD and WDOH jointly issued a health
advisory regarding Swift Creek asbestos. In July 2008, the WCHD and the WDOH updated their health
advisory to include the northern part of the Sumas River. The health advisories recommend minimizing
exposure to Swift Creek sediment and that residents should avoid potential inhalation of asbestos fibers.



In response to the Washington L&I consultation, Whatcom County adopted a Public Works Asbestos
Policy (PWAP) to ensure safe working conditions for projects involving Swift Creek sediment. Consistent
with occupational health and safety requirements, the policy includes procedures for moving and handling
Swift Creek sediment using wet methods, procedures for use of personal protective equipment (PPE), and
procedures for decontamination of personnel and equipment.
METALS

Toxic metals are individual metals and metal compounds that negatively affect people's health. Some of the
metals of concern in Swift Creek sediments can potentially adversely affect human health in different ways
and based on different exposure concentrations. The following descriptions of metals of concern in this HIA
are summarized from the U.S. Department of Human and Health Services information.






Cobalt has both beneficial and harmful effects on human health. Cobalt is beneficial for humans because it
is part of vitamin B12, which is essential to maintain human health. Cobalt has also been used as a
treatment for anemia because it causes red blood cells to be produced. Cobalt also increases red blood cell
production in healthy people, but only at very high exposure levels. When too much cobalt is taken into
your body, however, harmful health effects can occur. Human health effects may include; effects on the
lungs, including asthma, pneumonia, and wheezing and the development of allergies to cobalt.
Manganese is an essential nutrient, and eating a small amount of it each day is important to stay healthy.
However, too much manganese can be detrimental to human health. The most common health problems
in workers exposed to high levels of manganese involve the nervous system. The manganese
concentrations that cause human health effects such as slowed hand movements in some workers are
approximately twenty thousand times higher than the concentrations normally found in the environment.
Chromium is a naturally‐occurring element found in rocks, animals, plants, and soil, where it exists in
combination with other elements to form various compounds. The most common health problem in
workers exposed to chromium involves the respiratory tract. Potential health problems can also include
those relating to the stomach, small intestine and reproductive systems.
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Nickel is a natural constituent of soil and levels vary depending on local geology and anthropogenic input.
Typical concentrations in the natural environment range from 4 to 80 ppm. The most commonly reported
adverse health effect associated with excessive nickel exposure is contact dermatitis. However, other
potential health effects can also occur including include lung inflammation and atrophy of the nasal
epithelium. Nickel compounds are considered human carcinogens and metallic nickel is possibly a human
carcinogen.

The primary purpose of this HIA is to assess potential public health impacts of strategies presented in the Swift
Creek Sediment Management Action Plan (SCSMAP). While the SCSMAP assumes that the adopted PWAP
protects worker safety and minimizes potential occupational health impacts, any proposed SCSMAP strategy
that may pose an occupational human health impact that is not mitigated through employing PWAP
procedures are identified.

Evaluation of Potential Health Impacts
INTRODUCTION
HIAs must first identify populations most likely to be affected by potential identified risks. Potentially affected
populations identified for this assessment include neighborhood residents, downstream users of associated
surface waters, down‐gradient users of groundwater, transient users of the AOC, and site workers
implementing the SCSMAP. These populations were identified due to the higher likelihood of contact with
constituents of concern based on proximity. Table 11 summarizes potential exposure pathways for each
potentially affected population.
TABLE 11. POTENTIAL EXPOSURE PATHWAYS BY AFFECTED POPULATION

Environmental Media

Groundwater
Drinking
Dermal contact
Inhalation
Soil/Sediments
Ingestion
Dermal contact
Inhalation
Surface Water
Ingestion
Dermal contact

Area Residents

Downstream
Surface Water
Users

Downgradient
Groundwater
Users

X
X

X
X

X

X

Transient Site
Users

X
X
X

X
X
X

X
X
X

X
X

X
X

X
X

Constituents of concern for this HIA include asbestos in air and asbestos and metals in sediments, surface
water, and groundwater.
Once populations with potential health impact(s) have been identified, a system must be chosen to rate
potential human health impact. Likelihood of occurrence and impact magnitude of potential human health
impacts associated with the constituents of concern (COC) are the primary considerations for this assessment.
Due to data gaps, a numerical statistical evaluation of impact is not possible. Instead, the potential human
health impacts will be rated as shown in Table 12.
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TABLE 12. RATING SYSTEM FOR HUMAN HEALTH IMPACT SIGNIFICANCE

Magnitude of Impact

Likelihood of Occurrence of a Health Impact
Low

Health Impact Rating
None
Low
Medium
High

Medium

Unlikely to Occur
No significance
Very low significance
Low significance
Medium significance

Likely to Occur Sometimes
No significance
Low significance
Medium significance
High significance

High
Likely to Occur Often
No significance
Medium significance
High significance
High significance

AIR QUALITY EVALUATION
Swift Creek sediments are of concern to air quality because of the potential for human exposure to asbestos, a
known cause of human health afflictions. In some cases, when significant exposure to asbestos has occurred,
the fibers can damage the lungs or membranes that cover the lungs. When this happens it may cause the
development of asbestos‐related disease. As opposed to workplace air quality, potential human health issues
related to exposure to respirable dusts from natural in‐place asbestos deposits are not well documented;
regardless, medical concensus is that exposure to asbsestos, regardless of source, results in the same risks to
health.
The primary route of asbestos entry into the body is inhalation of air or dust that contains asbestos fibers.
Asbestos can also enter the body via ingestion. With dermal exposure, asbestos fibers may lodge in the skin.
Exposure to asbestos in the AOC is most likely to occur when asbestos fibers get into the air (known as
“entrapment”) and are breathed into the lungs. Asbestos‐related health problems are dependent upon the
following factors:
•

•
•
•

Concentration of asbestos in air
Asbestos fiber size and configuration
Duration of exposure
Frequency of exposure
Respiration level of the receptor (person inhaling
asbestos fibers)

•
•
•

Duration since the first exposure
Smoking history (smokers are more likely to see
health effects)
Pre‐existing lung conditions (other than
conditions associated with smoking)

Asbestos fibers vary with respect to size (length and diameter) and chemical composition. These differences
are known to affect deposition, movement, and clearance from the body and affect to humans. Fiber
diameter is one of the most important factors affecting penetration and deposition in the lungs. Fiber length,
surface chemistry, and other properties affect biological activity. Thin fibers have the greatest inhalation
potential and deposit deepest within the lungs; fibers longer than 8 μm with a diameter of less than 1.5 μm are
the most potent carcinogens (IPCS 1986).
Based on stationary and activity‐based sample results from referenced Swift Creek and Sumas River studies,
elevated levels of asbestos can and do occur in the breathing zone at locations near site activity where
sediments are disturbed; activities such as walking upon or digging sediment piles do cause asbestos fibers to
become airborne.
The likelihood of occurrence of human ingestion, inhalation, or associated dermal contact with Swift Creek
source asbestos fibers is primarily based on:
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•
•

•
•
•
•
•

The concentration, distribution and size of fibers
in exposed sediments
Moisture content of the sediments
The level, type and duration of disturbing
activity causing fibers to become airborne
Prevailing wind direction, intensity and
consistency (gusts or constant)

•

2013

Humidity
Temperature
Topography
Wind altering structures
Direction of receptor with regard to wind
direction
The activity level and movement of the human
receptor.

The set of conditions that would result in maximum exposure to asbestos in Swift Creek and Sumas River
sediments can be determined by focusing on the processes that take place at the interface between the
environment encompassing the contaminant of concern and the potential human receptor. These exposure
conditions, illustrated in Figure 11, can include many sub‐factors and variability but likely include:
•
•
•

A high availability of relatively small (able to
be carried by wind and inhaled) exposed fibers
Low‐moisture content sediment
A high degree of sustained sediment
disturbance

•

•

Intense, consistent wind flow moving across flat
topography with no inhibiting structures Low
humidity and high temperature conditions
A human receptor facing the oncoming asbestos
carrying winds who is engaged in a high level of
activity in a stationary position.

Figure 11. Processes providing pathways for exposure to airborne contaminants.

The health impact rating that results from the listed maximum exposure conditions, based on the likelihood
and magnitude included in Table 12 are shown in Table 13. Magnitude was determined based on
normalization of EPA’s 2006 and 2010 activity‐based air monitoring results into categories of low, medium, or
high.
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TABLE 13. HEALTH IMPACT RATING FOR AIR EXPOSURE PATHWAYS FROM SWIFT CREEK SEDIMENT

Activity

Population

Probable
Exposure Route

Health Impact Rating (Likelihood x
Magnitude = Significance)
Likelihood

Agricultural – Manual
Sediment
Manipulation
Agricultural – Field
Work
Automotive Travel
Home Activities –
mowing, raking
Recreation ‐ fishing,
hunting hiking
Site Work –
Equipment‐Based
Use of Sediments for
Fill
Walking, Biking,
Exercising

Area Residents

Inhalation

Magnitude

Significance

Medium

High

High

High

Medium

High

Area Residents,
Transient Users
Area Residents

Inhalation

Low

Low

Low

Inhalation

Medium

Medium

Medium

Area Residents,
Transient Users
Site Workers,
Agricultural
Workers
Area Residents

Inhalation

Medium

Low

Low

Inhalation

Low

Medium

Low

Inhalation

Low

High

Medium

Area Residents,
Transient Users

Inhalation

Medium

Medium

Medium

SURFACE WATER EVALUATION
Human health issues may result from exposure to nonpathogenic, toxic contaminants that are often
ubiquitous in surface waters. Asbestos and metals in Swift Creek sediments are of concern because of their
potential for human health impact.
In this assessment, exposure to surface water contaminants was assumed to potentially occur through
incidental ingestion for both asbestos and metals and also through dermal contact for metals by persons on or
near contaminated surface waters. Exposure to asbestos in surface waters is most likely to occur when
asbestos fibers are suspended in the water column and then surface waters are ingested.
Health problems that could result from exposure to Swift Creek and Sumas River surface waters with
entrained Swift Creek sediment are primarily dependent upon the following factors:
•

•
•

Amount and concentration of contaminant
exposure
Contaminant size, configuration and
bioavailability
Duration of exposure
Frequency of exposure

• Activity level of the receptor
• Duration since the first exposure
• Pre‐existing health conditions

Based on sample results from EPA, USGS, and other referenced studies, elevated levels of asbestos and metals
can occur in surface waters in the AOC. The scope and extent of contaminants is undetermined; however,
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studies indicate that concentrations have been greater than background levels, and in some case greater than
acceptable surface water quality concentrations established to protect human health and the environment.
The likelihood of occurrence of human ingestion or dermal contact with contaminated surface waters is
primarily based on:




The concentration and distribution of
contaminants in surface waters
Exposure time of the receptor to surface waters
Surface water flow rates

 Surface water flow altering structures
 The type of activity by humans interacting with
surface waters

Maximum environmental exposure conditions that could impact human health include a high concentration
and distribution of contaminants, receptors ingesting surface waters, high surface flow rates supporting
contaminant suspension and distribution, few flow‐altering structures in the riverbed, and human activities
that promote direct, prolonged contact with surface waters. One example of these conditions is illustrated in
Figure 12.

FIGURE 12. PROCESSES SUPPORTING EXPOSURE OF HUMANS TO SURFACE WATER CONTAMINANTS

The health impact rating that results from the listed maximum exposure conditions, based on the likelihood
and magnitude included in Table 12 are shown in Table 14. Magnitude was determined based on
normalization of EPA’s 2006 and 2010 activity‐based air monitoring results into categories of low, medium, or
high.
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TABLE 14. HEALTH IMPACT RATING FOR SURFACE WATER EXPOSURE PATHWAYS FROM SWIFT CREEK
SEDIMENT

Activity

Population

Probable
Exposure Route

Health Impact Rating (Likelihood x
Magnitude = Significance)
Likelihood

Agricultural
Downstream Irrigation
Recreation (Fishing,
wading, biking, horse
riding)
Site Work

Area Residents
Surface Water
Users
Area Residents,
Transient Users,
Surface Water
Users
Site Workers

Magnitude

Significance

Ingestion Dermal
Inhalation

Low
High

Low
Medium

Low
High

Ingestion Dermal

Medium

Medium

Medium

Ingestion Dermal

Low

Low

Low

GROUNDWATER EVALUATION
Exposure to contaminants in groundwater was assumed to potentially occur through consumption of
groundwater as a drinking water source, dermal contact with groundwater during bathing, and inhalation of
compounds from groundwater during showering. Contaminants of concerns in groundwater are most likely to
cause chronic health effects (effects that occur long after repeated exposure to small amounts of a chemical).
Asbestos fibers are not water soluble and do not move through groundwater to any appreciable extent due to
filtering by stratum in both the saturated and unsaturated zones (Gronow, 1985). Metals are, however,
somewhat soluble and can move through the saturated zone. Metals of primary concern for area
groundwater are those occurring above the National Primary Drinking Water regulation MCL (refer to Table 3).
Potential health impacts include acute and chronic exposure to chromium, and chronic exposure to nickel and
manganese.
Limited sampling of area wells has occurred; sample results show that no metals of concern exist in
concentrations greater than federal MCLs or Washington State drinking water limits. Groundwater sampling
results indicate that asbestos fibers do not travel in groundwater and that metals of concern in the Swift Creek
watershed do not occur in the groundwater column where sampled. Hydrogeologists (AESI on behalf of
Whatcom County and E&E on behalf of EPA) agree, however, that groundwater that contacts Swift Creek
sediment would likely include both asbestos fibers and metals of concern in the AOC.
The overall relative health hazard for exposure to groundwater, assuming lack of contact with Swift Creek
sediment, is therefore rated very‐low.

Cancer Risk from Exposure to Swift Creek Sediment
In 2007, EPA completed a risk evaluation for activity‐based sampling conducted in the lower alluvial fan of
Swift Creek in 2006. Potential lifetime cancer risk was calculated based on 2006 laboratory results. Sampled
activities included excavation and movement of soil using a front‐end loader and dump truck; an area resident
moving and spreading soil; and a transient user walking and biking along Swift Creek. Excess lifetime cancer
risk estimates were generated by combining information about exposure with a potency factor for asbestos.
The results of the 2007 EPA risk evaluation generally indicated that, for some activities, risk levels may be
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elevated above the high end of EPA’s risk management range of 1 x 10‐6 to 1 x 10‐4. It should be noted,
however, that not all activities that occur in proximity to Swift Creek dredged materials were evaluated.
Because risk estimates are dependent on the age of first exposure, the risk estimates increased for exposures
that begin in childhood.
Integral Consulting, Inc. assessed the EPAs risk evaluation in 2007. The Integral report indicated that there
was a “considerable amount of uncertainty” associated with the agency’s risk estimate. Much of the
uncertainty was attributed to limitations in the understanding of toxicity of different forms of asbestos and in
analytical methods used to count asbestos fibers. Sources of uncertainties underestimated the effect on risk
estimates in some cases, overestimated in others, and in some cases were neutral in effect.
WDOH conducted a Health Consultation for Swift Creek sediment asbestos in 2006. The purpose of the
consultation was to identify and prevent harmful human health effects resulting from exposure to hazardous
substances in the environment. The main potential health effect identified was inhalation of asbestos fibers.
Ingestion of asbestos was determined to pose little or no risk of non‐cancer effects. However, some evidence
showed that acute oral exposure might induce precursor lesions of colon cancer, and that chronic oral
exposure might lead to an increased risk of gastrointestinal tumors. The department concluded that an
“Intermediate public health hazard” exists from potential exposure to Swift Creek sediments asbestos.
WDOH updated its 2006 Health Consultation for Swift Creek sediment asbestos in 2008. The primary goal of
this document was to present an epidemiological review of health outcome data in the area of Swift Creek,
summarize activities conducted at the site since the previous health consultation was written, identify
remaining data gaps, and prepare a public health action plan designed to fill data gaps. The department
concluded that a public health hazard still existed for people conducting activities regularly on dredged piles;
there was no evidence of elevated asbestos related disease rates in the community; and, an intermediate
public health hazard exists for people who might be exposed to Swift Creek sediments at off‐site locations.
EPA conducted another Risk Evaluation for activity‐based sampling at Swift Creek in 2011. Risk estimates
described intermittent activities that area residents might engage in and included residents, farmers, and farm
workers living or working near flood‐impacted areas along Swift Creek and the Sumas River. Activities
conducted included excavating and moving sediment deposits using a shovel and wheelbarrow; spreading
sediment deposits into loafing pens at a farm; yard work (including raking and mowing); and walking around
the properties. All participants used proper PPE for all activities and wore sampling devices to collect air
samples as they worked. Based on laboratory analyses, EPA concluded that the cancer risks were in some
cases above the high end of EPA’s risk management range of 1 x 10‐6 to 1 x 10‐4.
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Data Gaps
Identification of data gaps for human health assessments is imperative to improving future assessments.
Identified data gaps, with regard to assessment of human health impacts relating to Swift Creek sediment
contaminants, are presented in Table 15, along with data references.
TABLE 15. KEY DATA GAPS

Data Gap

Source

Lack of information on carcinogenic potency of asbestos fibers types,
size and mineralogy.
The extent to which Swift Creek sediment asbestos fibers become
airborne when sediments are disturbed.
Nature and extent of human activities on and near the site.
Thorough characterization of the concentration and distribution of
contaminants in the Swift Creek AOC including asbestos levels, fiber
types, fiber lengths.
Whether or not asbestos is present in area homes and to what extent
The extent to which Swift Creek sediments were used off‐site.
The extent to which asbestos may be deposited downstream during
floods.
If, and if so to what extent, Swift Creek sediments may have been used
as fill at the Great Western Lumber Company.
Activities may occur along the Sumas River
How weather effects distribution of asbestos in the air

WDOH Health Consultation 2006

The types of exposure that might occur for area residents and workers
Carcinogenic nature of different types of asbestos

WDOH Health Consultation 2006
WDOH Health Consultation 2006
WDOH Health Consultation 2006

WDOH Health Consultation Update 2008
WDOH Health Consultation Update 2008
WDOH Health Consultation Update 2008
WDOH Health Consultation Update 2008
WDOH Health Consultation Update 2008
EPA Risk Evaluation for Activity‐Based
Sampling Results Memorandum 2011
EPA Risk Evaluation for Activity‐Based
Sampling Results Memorandum 2011
EPA Risk Evaluation for Activity‐Based
Sampling Results Memorandum 2011
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Swift Creek Sediment Management Action Plan – Assessment of Strategies to
Manage Identified Adverse Health Impacts
INTRODUCTION
The SCSMAP provides strategies for managing sediments in the Swift Creek watershed. Management
alternatives in the plan address both physical hazards and health‐related risks. Identified Swift Creek issues
include landslide movement and associated sediment transport, avulsion, overbank flooding, and debris flow
or outbreak flooding. The plan includes both active and passive management strategies. Many strategies
presented in the plan could result in a change to the control or distribution of potentially contaminated
sediments or waters; however, not all of the strategies defined in the plan might have an effect on health
related risks to the identified populations. The effect that each management strategy could have on potential
health impact is dependent upon the relative success of implementation. Because relative success is
dependent upon future baseline conditions, a quantitative impact assessment is not possible. Each
management strategy is, however, assessed independently in this HIA based on its relative health impact
potential.
ACTIVE MANAGEMENT STRATEGIES
Active management strategies in the plan are separated into four categories and include:




Flood Hazard Management
‐ Bank Armoring
‐ Debris Deflection / Setback Levees
‐ Infrastructure Revision
Sediment Management
‐ In‐Stream Sediment Traps
‐ Sediment Basin(s)
‐ Sediment Stockpiling
‐ Safe Sediment Disposal





Maintenance and Repair
‐ Annual Maintenance Program
‐ Channel Conveyance
‐ Large‐Scale Maintenance and Repair
Landslide Stabilization
‐ Surface Drainage
‐ Landslide Toe Stabilization
‐ Swift Creek North Fork Re‐Route

All active management strategies in the plan have the potential to directly change sediment distribution and
water flow and the potential for human contact with these sediments.
PASSIVE MANAGEMENT STRATEGIES
Passive management strategies in the plan are separated into four categories and include:




Flood Hazard Management Planning
‐ Watershed‐Wide Flood Hazard
Management Plan
‐ Technical Flood Hazard Identification
Land Acquisition Program
‐ Floodplain Acquisition and Home Buy‐Out
Program
‐ Monitoring





Landslide Movement Monitoring
‐ Creek Channel Monitoring
‐ Sediment Storage Monitoring
Education, Warning, Emergency Response
‐ Sediment and Flood Education and
Outreach
‐ Warning and Emergency Response

Some of the passive management strategies in the plan have the potential to directly affect the likelihood of
human interaction with contaminated sediments and waters and some do not.
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ACTIVE MANAGEMENT STRATEGY IMPACT ANALYSIS
Identification of the potential effect of management strategies on the distribution, alteration, exposure and
accessibility of contaminated sediments is the key to assessing potential human health impact. Each type of
management strategy may affect these factors in one or more ways:





strategies could reduce the geographic distribution of sediments
strategies could reduce the accessibility of contaminants in sediments by alteration or stabilization of the
physical or chemical attributes of the sediments or contaminants
strategies could reduce the accessibility of contaminants in sediments by mitigating release of
contaminants to the environment (i.e. covering, capping, etc.)
strategies could reduce exposure to sediments by limiting human accessibility to sediments (e.g. land
acquisition).
Flood Hazard Management

Flood hazard management strategies identified in the SCSMAP were developed to address smaller flood
events which typically occur on an annual basis. Bank armoring and debris deflection strategies are primarily
designed to re‐direct flow or protect adjacent areas from the effects of overbank flow or channel migration.
Setback levees are designed to provide area, adjacent to Swift Creek, to accommodate overbank flow and to
encourage sediment deposition. Proposed infrastructure revisions include changing the configuration of local
roadways to aid in containing Swift Creek flows and avoid overbank flooding.
All of these management strategies, with the exception of setback levees, share the basic goal of attempting
to keep water and sediments within the stream channel. Setback levees provide local containment of natural
overflow during a flood. Along with flood waters, suspended sediments are carried to these areas as well.
Once flood waters recede, deposited sediments can dry out and be a potential source of airborne asbestos
fibers. Primary expected results from all management strategies that address potential flood hazard, except
setback levees, might include:



stream bank erosion reduction at the point of stabilization
stream energy redistribution.

The resultant reduction in stream bank erosion at the point of armoring can reduce overall stream sediment
loading that originates from the stream bank at the point of stabilization. The positive effect of this strategy
would be a decrease in potential exposure and distribution of sediments, and their associated contaminants, to
humans.
Negative effects of the identified flood hazard management strategies include a potentially greater
distribution and movement of sediments passing the point of stabilization as a result of improved in‐channel
flow. Greater movement of sediments may cause structural degradation of the sediments, potentially
exposing more asbestos fibers and metals. These negative effects can be mitigated through implementation
of other sediment management strategies discussed later in this HIA (i.e. in‐stream sediment traps, basins,
and sediment removal, stockpiling, and safe disposal).
Setback levees provide local containment of natural overflow during a flood. Along with flood waters,
suspended sediments are carried to these areas as well. Once flood waters recede, deposited sediments can
dry out and be a potential source of airborne asbestos fibers if not mitigated.
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Sediment Management
The removal of sediments from a streambed typically directly impacts the stream's physical boundaries and on
the ability of the stream to transport and process sediment. Sediment management strategies identified in
the plan have the primary benefit of controlling and containing sediment distribution. This control allows for
safe sediment disposal that decreases spatial and temporal distribution of sediments, resulting in an overall
decreased potential for human health impacts through lack of opportunity for exposure.
Potential negative impacts associated with sediment management strategies could occur if stockpiles are not
covered, capped, or otherwise contained; if runoff from stockpiles is not managed correctly; and if sediment is
transported from the site without proper containment.
Maintenance and Repair
Maintenance and repair strategies identified in the plan include inspection, maintenance of structures and
infrastructure, maintenance of channel conveyance, and large‐scale maintenance and repair. Inspection and
maintenance of structures and infrastructure includes routine inspection and small‐scale repair. These
management strategies support other management strategies and ensure that structures are functionally
maintained. Negative effects to human health include the potential for short‐term bedload increase and
entrainment from the cleaning of in‐stream sediment traps.
Maintenance of channel conveyance generally includes improving the flow of water in the channel. While
channel maintenance results in positive physical outcomes (e.g. reduction of flooding) it has the potential to
result in several negative impacts to human health if not properly mitigated including:




In –water work can suspend and entrain sediment in the water column
Movement of sediment within the watershed can potentially increase the likelihood of contact with a
greater population
Stockpiling of sediments, if not properly managed, can increase the likelihood of contaminant exposure.

Large‐scale maintenance and repair would be identified through inspections associated with an annual
maintenance program. Once specific projects are identified, a feasibility analysis should include evaluation of
the potential human health effects.
Landslide Stabilization
The Sumas Mountain Landslide is the source of contaminated sediments under review in this HIA. Any
activities that mitigate the introduction and further distribution of these sediments into surface waters would
decrease potential human health impacts associated with these sediments. The landslide stabilization
management strategy presented in the SCSMAP includes surface drainage to reduce the movement of the
slide and stabilization of the landslide toe. Water is a primary contributor to slide movement since water adds
weight to the slide mass and provides lubrication. Positive effects of the implementation of this strategy
include less water contacting the slide which would result in less landslide movement and a lower sediment
distribution rate. Stabilization of the landslide toe could significantly reduce landslide material quantity in
surface waters.
No negative human health impacts were identified from the implementation of landslide stabilization
strategies.
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PASSIVE MANAGEMENT STRATEGY IMPACT ANALYSIS
Passive sediment management strategies included the SCSMAP include flood hazard management planning;
watershed land acquisition; monitoring; and education, warning, and emergency response.
Flood Hazard Management Planning
Flood hazard management planning would include the development of a Flood Hazard Management Plan
(FHMP) which would be designed to manage flood‐related events and the floodplain in general. While this
plan may have support proper prioritization and implementation of other strategies, there is no way to
evaluate the overall effect that this strategy may have on human health until the plan is developed.
Watershed Land Acquisition
Watershed land acquisition could result in minimizing the potential human exposure to contaminants in Swift
Creek sediments by removing the opportunity for exposure. Reducing contact opportunities between humans
and Swift Creek source sediments virtually eliminates potential for human health impacts. Positive effects of
this management strategy include reducing the opportunity for contact with contaminated soils. No negative
effects were identified from the implementation of watershed land acquisition strategies.
Monitoring
Monitoring strategies in the Plan include landslide, creek channel, and sediment storage monitoring. These
tools would be used to inform County staff and emergency personnel of impending landslide events and allow
for planning for future events. Monitoring would also allow staff to predict and plan for flood events and
ensure that on‐site sediment storage is safe and efficient. These management strategies reduce the potential
for human health impacts intangibly by ensuring that the efficacy of other management strategies (e.g.,
sediment management) is not compromised. An expected positive effect of monitoring strategies in the
SCSMAP is supporting the success of other management strategies. No negative effects were identified from
the implementation of monitoring strategies.
Education, Warning, Emergency Response
The outreach and education program strategy develops a warning system and an emergency response
protocol. Each of these potential programs would enhance the affected population’s understanding of the
acute and chronic potential health impacts related to Swift Creek sediments. If effective, the results would be
a reduction in human health related issues by a reduced opportunity for human contact with sediments.
Positive effects of this management strategy include reducing the opportunity for contact with contaminated
soils, surface waters, and groundwater. No negative effects were identified from the implementation of
education, warning and emergency response strategies.
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Reporting
The SCSMAP provides guidance for the management of potentially contaminated sediments in the Swift
Creek Watershed. If adopted, active and passive management strategies will be used to manage
environmental processes, plan and monitor potential future conditions, and educate the public on Swift Creek
sediments. Some of these strategies have the opportunity to significantly reduce the potential for human
health impacts by eliminating contact between the contaminant source and humans.
Many of the active management strategies presented in the Plan are dependent upon the degree of Swift
Creek watershed improvement through implementation and success of supporting management strategies.


Active management strategies presented for flood hazard management do not significantly reduce the
likelihood of contact between contaminants and humans. Localized reduction in contact with
contaminants would result from most flood hazard management strategies, but maintaining the creek
within its banks moves contaminants with streamwater to potential downgradient receptors.



Maintenance and repair strategies are imperative to the success of many other strategies and may have
both positive and negative impacts on human health related issues.



Sediment management and landslide stabilization strategies have the greatest opportunity to reduce
human health related issues with Swift Creek sediments. This is primarily a result of sediment control and
containment, which significantly reduces the opportunity for human contact with sediments if strategies
are successful.



Passive management strategies for flood hazard planning do not result in direct tangible effects on human
health, but would have a positive effect through identification of flood‐related technical issues and
implementation of associated projects. Positive benefits cannot be fully assessed until the planning effort
is complete.



Land acquisition, along with education, warning, and emergency response strategies may have a direct
and potentially profound effect on potential human health impacts by reducing the opportunity for human
contact with sediments through both physical exclusion and exposure pathways and risk‐based education.



Landslide monitoring strategies may reduce potential health impacts primarily through safety and risk
education. Education and understanding of landslide behavior may increase public safety, thus
safeguarding public health.

In general, successful implementation of many of the active management strategies proposed in the SCSMAP
provide for control and containment of contaminated sediments. These results have the potential for
significant reduction in human exposure to Swift Creek sediments. The interdependency of other active
management strategies, such as sediment management and maintenance, require coordination to ensure the
success of those strategies.
The implementation of proposed passive management strategies, such as land acquisition and education, has
potential to significantly reduce human health impacts as well. Planning and monitoring strategies support
other proposed strategies and are, in some cases, imperative to the success of those strategies.
SCSMAP strategies have been assigned a relative effectiveness rating (Table 16) based on their potential to
directly reduce human health related issues. Effectiveness ratings are based on the assumption that goals and
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objectives of the strategy are met and supporting strategies are also implemented. Management strategies
that support other strategies or potentially provide secondary positive impact to human health related issues
are also identified.
TABLE 16. RELATIVE EFFECTIVENESS RATING OF SCSMAP STRATEGIES (POTENTIAL TO REDUCE HUMAN
HEALTH RELATED ISSUES).

Active Management Strategies
Management Strategy
Flood Hazard Management
Bank Armoring
Debris Deflection / Setback Levees
Infrastructure Revision
Sediment Management
In‐Stream Sediment Traps
Sediment Basin(s)
Sediment Stockpiling
Safe Sediment Disposal
Maintenance and Repair
Annual Maintenance Program
Channel Conveyance
Large‐Scale Maintenance and Repair
Landslide Stabilization
Surface Drainage
Swift Creek North Fork Re‐Route
Passive Management Strategies
Flood Hazard Management Planning
Watershed‐Wide Flood Hazard Management Plan
Technical Flood Hazard Identification
Land Acquisition Program
Floodplain Acquisition and Home Buy‐Out Program
Monitoring
Landslide Movement Monitoring
Creek Channel Monitoring
Sediment Storage Monitoring
Education, Warning, Emergency Response
Sediment and Flood Education and Outreach
Warning and Emergency Response

Type of Potential Impact
Direct
Direct
Direct
Direct
Direct
Direct
Direct
Direct
Direct
Supporting
Supporting
Direct
Supporting
Direct
Direct
Direct

Effectiveness
Low
Med
Med
Low
High
High
High
High
High
Med
Med
Low
High
High
High
High

Supporting
Supporting
Supporting
Direct
Direct
Supporting
Supporting
Supporting
Supporting
Supporting
Direct
Supporting

Low
Low
Low
High
High
Low
Low
Low
Low
High
High
Low
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Conclusions
Potential human health impacts associated with Swift Creek sediments include air and water‐borne asbestos
and water‐borne metals. These contaminants can potentially affect human health through exposure routes
such as inhalation, ingestion, and dermal contact. Existing data suggests that the greatest potential for
human health impacts is associated with airborne asbestos and surface water asbestos and metal
contamination. Sampling and analysis has shown that, unless groundwater is in direct contact with Swift
Creek sediment, groundwater, itself, does not provide an exposure pathway.
Human health concerns with Swift Creek sediments are primarily chronic in nature, requiring long‐term
exposure to levels, above those identified by regulatory agencies, before issues may manifest themselves.
Local residents within the airshed (a geographic area within which air is confined or channeled) inclusive of
Swift Creek sediment and downstream users of surface waters are, therefore, at highest relative exposure.
Implementation of the SCSMAP has the potential to reduce human health related impacts in the Swift Creek
and Sumas River watersheds. Management strategies presented in the SCSMAP include both active and
passive strategies that can affect potential human health related problems in different ways and magnitudes.
Some of the management strategies in the SCSMAP have the potential to directly affect human health and
others have indirect effects.
Active management strategies such as sediment management, and passive management strategies such as
land acquisition and education, share a common potential result of significantly reducing the opportunity for
human contact with sediments. This outcome offers the greatest opportunity presented by the SCSMAP to
mitigate human health problems. Management strategies, such as maintenance and monitoring, provide
strategic support of other strategies. Without this support, primary management strategies may not succeed
or may fall short of goals and objectives. The relationship between strategies presented in the plan must be
carefully considered during implementation to ensure desired results. Full implementation of the SCSMAP is
likely to significantly reduce potential for human health impacts associated with Swift Creek sediments in the
Swift Creek watershed. Partial implementation of the SCSMAP may or may not result in measurable
mitigation of identified impacts and would require additional assessment following protocols included in this
HIA.
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Acronyms
AOC: Area of Concern
COC: Constituent of Concern
EPA: Environmental Protection Agency
HIA: Health Impact Assessment
IARC: International Agency for Research on Cancer
MCL: Maximum Contaminant Level
MCLG: Maximum Contaminant Level Goal
MFL: Million Fibers per Liter
NOA: Naturally Occurring Asbestos
NRCS: Natural Resources Conservation Service
NWAPA: Northwest Air Pollution Authority
OSHA: Occupational Safety and Health Administration
PEL: Permissible Exposure Limits
pH: Power of Hydrogen
PPE: Personal Protective Equipment
PWAP: Public Works Asbestos Policy
SCSMAP: Swift Creek Sediment Management Action Plan
TEM: Transmission Electron Microscopy
TWA: Time –Weighted Average
USGS: United States Geological Survey
WCHD: Whatcom County Health Department
WCPW: Whatcom County Public Works
WHO: World Health Organization
WSDLI: Washington State Department of Labor and Industries
WSDOH: Washington Department of Health
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