Nooksack River Watershed Microbial Source Tracking (MST) Study
Questions and Answers
What is the Nooksack River Watershed MST Study? The Nooksack River Watershed MST Study used environmental
DNA analysis methods to help characterize fecal bacteria sources in water from the Nooksack River Basin. During 2016,
partners collected once-monthly water samples at eight locations and analyzed the samples using DNA biomarkers.
Who was involved in the study? Lummi Nation Water Resources Division (LWRD) and Whatcom County Public Works
(WCPW) Natural Resources Division collected the water samples. EPA Region 10 laboratory staff analyzed the water
samples, prepared a laboratory report (Appendix A), and provided guidance to interpret the data (Appendix B).
When were the samples collected and analyzed? Staff from LWRD and WCPW collected water samples once a month
from January to December 2016. Staff collected MST study samples during routine water quality monitoring work. For
routine sampling, staff pre-scheduled dates and did not consider weather forecasts. EPA Region 10 laboratory staff
completed environmental DNA analysis on the water samples in August 2017.
Where were samples collected? Figure 1 describes study sample locations. The study sample sites are part of a network
of locations sampled routinely by WCPW and LWRD to characterize long-term bacteria concentration trends in the
Nooksack River and its main tributaries.
Figure 1. Map and description of sample locations
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How did the study ensure data quality? The project’s Quality Assurance Project Plan describes sampling protocols. Staff
collected quality control (QC) samples as a part of routine sampling work. All field and laboratory QC samples met the
study data requirements using three types of quality control samples:
 Field blanks check that sampling procedures are clean and have not contaminated the sample.
 Field duplicates help verify sampling procedure cleanliness and give information about how bacteria
concentrations vary in the environment at any given time.
 Laboratory QC samples throughout the study included laboratory blanks, positive controls, and negative
controls to test the laboratory procedures.
How many samples were collected? Staff from LWRD and WCPW collected 120 water samples. The 120 samples
included 24 quality control samples and 96 monthly samples from 7 freshwater sites and 1 marine site described in
Figure 1. The 24 quality control samples included 12 field blanks and 12 field duplicates.
What laboratory analysis was done? EPA Region 10 laboratory staff used polymerase chain reaction (PCR) technology
to analyze samples for presence of Bacteroides and Helicobacter bacteria DNA biomarkers. Partway through the study,
additional DNA biomarkers (or markers) for cattle, dog, and bird became available. Lab analysis incorporated the new
markers into testing the batch of samples collected during the last half of the study. Table 1 notes the different markers
tested for in the two batches of samples:
Table 1. Nooksack River Watershed MST Study biomarkers analyzed
Type of marker tested
Batch I (collected January-June 2016)
General/mammalian Bacteroides
Human Bacteroides
Tested
Ruminant Bacteroides
Cattle Bacteroides
Canine (dog) Bacteroides
Not Tested
Avian (bird) Helicobacter

Batch II (collected July-December 2016)
Not Tested

Tested

What markers did laboratory analysis find? Table 2 summarizes laboratory analysis results by sample site and sample
collection date. The “Type of marker tested” column identifies the color-coded symbols used in the table to represent
the DNA markers tested for in Batch I and Batch II.
Table 2. Nooksack River Watershed MST Study summary of laboratory analysis results*
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What do the results mean? EPA Region 10 staff provided guidance to interpret the laboratory analysis results (Appendix
B). Key points and general patterns include:
Non source-specific marker
 General Bacteroides marker; tested for only in Batch I:
o Analysis detected the general marker in samples collected at almost all sites and dates in Batch I.
o Finding the general Bacteroides marker in a water sample means that the water sample contained fecal
material from a mammalian source.
Source specific markers
 Ruminant Bacteroides marker; tested for in Batch I and Batch II:
o Lab analysis most often found the ruminant marker.
o Lab analysis found the ruminant marker in samples collected during winter, spring, and fall seasons, but
not in samples collected during the summer.
o Each time analysis found the ruminant marker at the marine site DOH050 in Portage Bay, analysis also
found the ruminant marker in samples collected from at least one upstream freshwater site.
o Three times, analysis found the ruminant marker in samples collected from freshwater sites, but not in
samples collected on the corresponding dates at the downstream marine site DOH050 in Portage Bay.
 Human Bacteroides marker; tested for in Batch I and Batch II:
o Analysis found the human marker once at the marine site Portage Bay (DOH050).
 Avian (bird) Helicobacter, cattle Bacteroides, and canine (dog) Bacteroides marker; tested for only in Batch II:
o Lab analysis found the avian marker in five samples.
o Lab analysis did not find the cattle marker or the canine marker.
No markers detected
 Analysis did not find any of the markers tested for in most of the Batch II samples.
 Possible reasons that lab analysis did not find a marker in water samples:
o Fecal/genetic material from that source was not present.
o Fecal/genetic material from that source was present, but not enough material was in the sample for lab
analysis to detect.
o Fecal/genetic material from that source was present but did not contain the specific genetic sequence of
the marker.
What do these terms mean?
 Bacteroides are a genus of bacteria that live in digestive tracts of mammals. Some Bacteroides are pathogens,
but the vast majority are not. Different types of mammals such as humans, dogs, and ruminants host different
communities of Bacteroides, so the genus can be useful in indicating fecal contamination from different sources.
 General Bacteroides is a broad category of Bacteroides that is not source-specific. Many Bacteroides species
exist and not all species are unique to specific host organisms such as humans or dogs. The general Bacteroides
marker is common for all Bacteroides, including source-specific and non source-specific Bacteroides species.
 Helicobacter is another genus of bacteria found in the digestive tracts of mammals and birds. Analysis uses
specific Helicobacter species to identify avian (bird) fecal sources.
 Ruminants are mammals with four-chambered stomachs, in other words, mammals that “chew their cud.”
Ruminants include, but are not limited to, cows, sheep, goats, deer, elk, and moose.
What are the next steps? Partners in Whatcom County continue to work together to find and fix preventable sources of
fecal bacteria pollution. Interest remains high in using evolving environmental DNA analysis techniques. Agencies may
use environmental DNA analysis methods to support or supplement – but not replace – routine water quality
monitoring, landowner engagement, and continued outreach efforts. Partners routinely monitor water quality at over
100 fixed location sites in Whatcom County. Results are posted to an online map.

Appendix A

MEMORANDUM
DATE:

October 20, 2017*

TO:

Catherine Gockel, Project Officer
USEPA Region 10, Office of Water and Watersheds

FROM:

Stephanie Bailey, Microbiologist
Office of Environmental Review and Assessment, USEPA Region 10 Laboratory

SUBJECT: Final lab report for the Nooksack River Watershed Microbial Source Tracking (MST)
Project
Project Code: WTR-180A
Account Code: 20162017B10P202BD4X24
cc:

Gerald Dodo, Supervisory Chemist
Office of Environmental Review and Assessment, USEPA Region 10 Laboratory
Kara Kuhlman, Project Manager
Lummi Nation Natural Resources
KaraK@lummi-nsn.gov

*Please note the modification in section 3.3
The following is a final report discussing the results for the Polymerase Chain Reaction (PCR)
analyses of twelve sampling events for the Nooksack River Watershed MST project. This report is
relevant for the following samples:
Sample numbers: 16035300-5309; 16055310-5319; 16135320-5329; 16155330-5339; 161853405343*; 16185345-5349; 16245350-5359; 16305360-5369; 16325370-5379; 16375380-5389;
16405390-5399; 16455400-5409; and 16495410-5419. *16185344 was lost due to a tube breaking
during the extraction process.
1.0 Determination of Results:
The Region 10 Laboratory conducted the following steps in analyzing all of the samples collected.
1.1 Sample filtration within 30 hours of sample collection
1.2 Filter placed in sterile tube and frozen at -80 ºC
1.3 DNA purification/extraction performed using FastDNA® kit
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1.4 For samples 16035300 through 16245359: Samples were tested for the presence of appropriate
DNA targets using markers which are specific to DNA segments associated with general Bacteroides,
ruminant Bacteroides and human Bacteroides. There were four markers utilized with these samples:
one general (initial screening marker), one ruminant and two human.

1.5 For samples 16305360 through 16495419 (last half of project): Samples were tested for the
presence of appropriate DNA targets using markers which are specific to DNA segments associated
with ruminant Bacteroides, cattle Bacteroides, human Bacteroides, canine Bacteroides, and avian
Helicobacter. There were seven markers utilized with these samples: one ruminant, two cattle, two
human, one canine, and one avian. Refer to the Sample Plan Alteration Form #01 associated with this
projects’ QAPP for explanation as to why the additional markers were used for this block of samples.

2.0 Quality Control Tests Performed:
As established in the Quality Assurance Project Plan for this project, the following quality control tests
were conducted as an integral part of these analyses:
2.1 Positive DNA Controls (consisting of plasmid DNA containing the target sequence): A positive
control was analyzed in conjunction with each set of amplifications and always provided an
appropriate response for the data provided in this report.
2.2 Replicate Analyses: Field duplicates were analyzed and provided the same results on a qualitative
basis for the data provided in this report.

2.3 Negative Controls:
2.3.1 PCR Negative Control (consisting of master mix and the appropriate marker, but using
DNA-free water instead of sample): A negative PCR control was analyzed with each set
of amplifications and always provided an appropriate response for the data provided in
this report.
2.3.2 Filtration Controls: This control consisted of preparing an in-house filtration control and
analyzing the resulting filter. Each of the filtration controls associated with this project
was negative for the target Bacteroides.
2.3.3 Transfer Blanks: A transfer blank was handled in the field with every sampling event.
Each of the transfer blanks associated with this project was negative for target
Bacteroides.

3.0 General Conclusions and Disclaimers:
3.1 Analyses of 53 samples from the first half of the project (includes duplicates but not transfer
blanks, control samples or sample 16185344) resulted in the following: there were four samples
positive for the ruminant biomarker only (7.5%), one sample positive for both the human and ruminant
biomarkers (1.8%) and forty-four samples positive for the general Bacteroides biomarker only (83%).
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3.2 Analyses of 54 samples from the last half of the project (includes duplicates but not transfer blanks
or control samples) resulted in the following: there were four samples positive for the ruminant
biomarker only (7.4%), there were two samples positive for the avian biomarker only (3.7%), there
were three samples positive for both the ruminant and avian biomarkers (5.5%) and forty-five samples
were undetermined (83.3%). Analyses with the cattle, dog and human biomarkers revealed no fecal
material from these sources was detected within any of the samples.
3.3 Abbreviations used in the data and report:
ND - Analysis Not Done: Used when a sample tests negative for general Bacteroides (screening
primer used only during the first half of the project) so no further analysis is done. ND was
also used for sample 16185344 for the reason stated earlier in this document.
GB - General Bacteroides, identifies the contaminant as coming from an unknown fecal source
(other than ruminant or human).
R - Ruminant Bacteroides, identifies the contaminant as coming from a ruminant fecal source.
H - Human Bacteroides, identifies the contaminant as coming from a human fecal source.
B - Avian Helicobacter, identifies the contaminant as coming from an avian fecal source.
A - Absent (no Bacteroides biomarkers detected).
P - Present (identification of Bacteroides spp or Helicobacter spp as indicated).
U - Undetermined, identifies the contaminant, if present, as being below the level of detection,
lacking the target marker, or coming from a source other than ruminant, cattle, human, dog, or
avian feces. Please note, the definition of this abbreviation (U) has been modified from the Lab’s
original Final Report dated August 25, 2017. The modification has been made to more clearly
define the abbreviation.
3.4 Markers listed in the data and report:
BAC32 - general Bacteroides marker
CF193/Rum2Bac - ruminant Bacteroides markers
HF183/HF134/HumM2 - human Bacteroides markers
CowM2/CowM3 - cattle Bacteroides marker
GFD - avian Helicobacter marker
DG3 - canine Bacteroides marker

Appendix B
EPA Guidance on Interpretation of the Nooksack River Watershed MST Project Data
October 20, 2017
The EPA Region 10’s Manchester Environmental Laboratory (MEL) has completed its analysis on
microbial source tracking (MST) samples collected in the Nooksack River watershed, in partnership with
the Lummi Nation and Whatcom County.
EPA and our partners are engaged in a broader effort to increase our understanding of fecal
contamination in the Nooksack watershed; this MST study is one part of that work, and additional work
is expected/planned.
MEL has provided the following guidance to assist with interpreting the laboratory results:
1. The study was designed around using end-point Polymerase Chain Reaction (PCR) (the MST PCR
method that has been in use for > 10 years at MEL), to analyze genetic markers for human and
ruminant sources (e.g. deer, elk, cattle, etc.). During the course of the project, a quantitative
PCR (qPCR) methodology was mobilized at MEL, allowing for the ability to detect additional
markers. The last half of the samples collected for this project were analyzed using qPCR not
only for human and ruminant, but also for avian, cattle, and dog to see if additional data could
be garnered. It is important to note that the original sampling plan did not take into account the
additional markers (i.e., avian, canine, and cattle). For example, since the ruminant marker has
been reported to occur in higher abundance than the cattle markers, the ruminant marker
should be more easily detected than the cattle markers. The limitations of the ruminant and
cattle markers related to animal age and diet also need to be considered prior to the study
design and in the interpretation of the data. Thus, cattle markers may have been present, even
though they were not detected.
2. Utilizing end-point PCR for the first half of the project, the ruminant marker was detected in
9.4% of the samples (Note: the cattle marker was not available at that time). Applying qPCR to
the last half of the samples, the ruminant marker was detected in 12.9% of the samples while
the cattle marker was not detected. The non-detect of the cattle marker could mean:
a) cattle fecal material was not present,
b) cattle genetic material was present, but not at a sufficient level to be detected by these
markers, or
c) cattle fecal material was present but did not contain the genetic sequence targeted by the
cattle markers.
3. MST projects with a watershed-wide approach have historically been conducted in phases at
MEL in an effort to hone in on problem areas; Phase I is an overall coverage of the watershed,
Phase II uses Phase I data to close in on problem areas, and Phase III (if necessary) uses all of the
data generated to more closely pin-point the sources of pollution. The Nooksack MST Project is
a Phase I project. Sections 3.1.1 and 4.3 of the Quality Assurance Project Plan (QAPP) discuss the
potential need for additional sampling sites and studies.
4. Samples were collected at eight locations once each month for twelve months. Sampling began
in January 2016, and the last sample was collected December 2016.
5. The November/December MST data show an increased frequency of positive results; however,
the fecal coliform data (from a concurrent sampling effort by Whatcom County) are moderate to
low during the same collection days. Given the difference in concentration and frequency at
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which the ruminant and cattle markers occur in cattle fecal material, and the moderate to low
levels of fecal coliform in the samples, one should be careful interpreting the cattle marker as
absent when it could be present, but at concentrations too low to detect.
6. Additionally, when interpreting MST data, a number of factors must be carefully considered,
such as historical fecal data, sample site selection, land use, weather, river flows, tidal currents,
and an understanding of method limitations. These other factors have not yet been evaluated in
relation to these MST lab results.
7. MEL staff have clarified the definition section of the final Lab report to read: “U - Undetermined,
identifies the contaminant, if present, as being below the level of detection, lacking the target
marker, or coming from a source other than ruminant, cattle, human, dog, or avian feces.” The
final Lab report is attached.

2

