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BACKGROUND / EXPLANATION OF IMPACT 
Together with the city of Bellingham (City) and Whatcom County (County), the Lake 
Whatcom Water and Sewer District formed a partnership in 1992 to develop a joint 
management strategy for the Lake Whatcom watershed. The resulting Lake Whatcom 
Management Program guides actions by the three entities to protect the quality of 
Lake Whatcom water. The prior 2015-2019 and current 2020-2024 work plans for the 
Lake Whatcom Management Program include as an objective under the Monitoring & 
�"�Í�e�Í�Ù�U�X�:���X�Í�1�Ù�Í�X�ô�Í�Ù�
�è�:�+�+�ô�è�e�Ù�Índ manage data to increase our understanding of water 
�W�j�Í�+���e�…�Ù�Í�2�î�Ù�U�:�+�+�j�e���:�2�Ù�\�:�j�X�è�ô�\�à�Ù�Í�2�î�Ù�e�:�Ù���j���î�ô�Ù�1�Í�2�Í���ô�1�ô�2�e�Ù�î�ô�è���\���:�2�\�ß�� 

In the winter/spring of 2017, Herrera Environmental Consultants, Inc. (Herrera) under 
contract with the District, conducted a series of monitoring events along the north 
shore of Lake Whatcom to assess the impact of existing on-site sewage systems (OSS; 
commonly referred to as septic systems) on the water quality of the lake. The findings 
of the assessment, which were published in a report in July 2017 (attached), indicated 
that OSS are likely adversely impacting water quality. However, City and County staff 
raised several concerns regarding the monitoring approach of the assessment. To 
address the data gaps of the 2017 assessment identified by City and County staff, and 
to collect additional data to better understand the impact of OSS, a scope of work for a 

WORK 
SESSION  

Page 3 of 393



second round of monitoring was jointly developed by City, County, and District staff, 
and an interlocal agreement between the District and County was executed in 
November 2019 to share funding of the assessment. 

Herrera was again selected to conduct a second round of monitoring, with the scope 
expanded to address City/County comments on the 2017 study. Herrera completed 
the monitoring effort during winter/spring 2020 and issued a findings report in 
September 2020 (attached). Herrera provided a presentation to the Board on the 
�X�ô�\�j�+�e�\�Ù�Í�2�î�Ù�è�:�2�è�+�j�\���:�2�\�Ù�:���Ù�e���ô�Ù�Q�O�Q�O�Ù�1�:�2���e�:�X���2���Ù�ô�����:�X�e�Ù�î�j�X���2���Ù�e���ô�Ù���:�Í�X�î�
�\�Ù�‹�ô�U�e�ô�1�æ�ô�X�Ù�X�à�Ù
2020 meeting, as well as to the Lake Whatcom Management Program Policy Group 
during its September 23, 2020 meeting. In summary, the 2020 assessment indicated 
that results were consistent with the 2017 study relative to the presence of target 
analytes in OSS-served drainages; however, the presence of human DNA biomarkers 
did not correlate with loadings of phosphorus or live fecal coliform bacteria (Lake 
Whatcom TMDL-specific contaminants). As a result, Herrera concluded phosphorus 
and fecal coliform bacteria are effectively removed from OSS effluent by soils before 
entering the lake. The study did note the presence of human DNA biomarkers in 
District sewer-served drainage No. 485, indicating a possible leaking sewer pipe. The 
District subsequently performed inspection of sewer mains in the drainage, which 
confirmed the integrity of the sewer system (November 12, 2020 letter summarizing 
the inspection findings is attached). 

�“���ô�Ù���:�Í�X�î�Ù�î���\�è�j�\�\�ô�î�Ù�e���ô�Ù�Í�\�\�ô�\�\�1�ô�2�e�Ù�����2�î���2���\�Ù�Í�2�î�Ù�e���ô�Ù�"���\�e�X���è�e�
�\�Ù�U�:�+���è�…�ï�î���X�ô�è�e���:�2�Ù
regarding existing OSS during its January 27, 2021 meeting. The Board ultimately 
determined it infeasible to pursue sewer system expansion to remove OSS and rather 
to focus on OSS compliance. Attached is an email that was issued to the Board 
summarizing action items identified during the January 27, 2021 meeting. Following is 
a summary of the identified actions, and District efforts undertaken to implement 
each: 

�x Request Whatcom County Health Department provide annual presentation to the 
Board on the status of OSS maintenance inspection and enforcement program 
within the watershed. 
- Multiple requests were made throughout 2021; however, County staff were 

assigned to the COVID pandemic response team and unavailable to provide a 
presentation. OSS inspection metrics were, however, added to all subsequent 
annual Lake Whatcom Management Program progress reports. 

�x Ensure Whatcom County Public Works Department completes source tracing of 
Drainage Nos. 440 and 520. 
- See attached email dated June 21, 2021 from Gary Stoyka regarding the 

���:�j�2�e�…���\�ß�1�:�2���e�:�X���2�� plan. The County has not completed the investigation to-
date (dry conditions prohibited sampling during the summer of 2021, followed 
by a mis-communication between Public Works and Health Department staff 
on who would conduct). Recent communication with Gary Stoyka has resulted 
in the County re-scheduling this work for this winter. 
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�x Recommend amendment of Whatcom County Code Section 24.05.160(B) to 
prohibit the allowance of self-evaluation in the watershed. 
- A District request for County Council consideration of the prohibition was 

declined due to Health Department workload and a desire to maintain program 
consistency throughout the county. 

�x Encourage the City of Bellingham to pursue acquisition of 25 undeveloped parcels 
located along the north shore of the lake to prevent future development. 
- A map identifying the 25 parcels was provided to City staff involved in the 

watershed property acquisition program via email in July 2021. 

�x Research legality of District assuming ownership or management of a group of OSS 
in District boundaries. 
- Subsequent discussion with the Board concluded that the District does not 

have the internal expertise or resources to take on such an enterprise. 

FISCAL IMPACT 
�b�:�Ù�����\�è�Í�+�Ù���1�U�Í�è�e�Ù���\�Ù�Í�2�e���è���U�Í�e�ô�î�Ù�Í�\�\�:�è���Í�e�ô�î�Ù�•���e���Ù�e���ô�Ù���:�Í�X�î�
�\�Ù�U�:�+���è�…�Ù�î���\�è�j�\�\���:�2�ß�Ù�‹���:�j�+�î�Ù
the Board wish to proceed with additional actions, fiscal impacts would be dependent 
upon the action(s). 

APPLICABLE EFFECTIVE UTILITY MANAGEMENT ATTRIBUTE(S) 
Water Resource Sustainability 

RECOMMENDED BOARD ACTION 
No action is recommended. 

PROPOSED MOTION 
Not applicable. 
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LAKE WHATCOM WATER & SEWER DISTRICT 
 
 1220 Lakeway Drive (360) 734-9224 
 Bellingham, WA, 98229 Fax 738-8250 
 
 

PREFACE 
 

Lake Whatcom Water and Sewer District (District) was formed in the 1960’s for the primary 
purpose of reducing pollution entering Lake Whatcom from individual onsite sewage septic 
systems in the urbanized and growing Sudden Valley and Geneva communities.  The District’s 
public sewer system now serves the equivalent of 4,308 single family residences located in the 
Lake Whatcom watershed.  By means of a network of sewer mains and pump stations an 
average of 0.78 million gallons of wastewater is collected and sent to the City of Bellingham’s 
wastewater treatment plant every day.  For nearly 50-years the District has worked with the State 
of Washington and other local governments to protect and improve Lake Whatcom water 
quality, which is the drinking water source for a population of nearly 100,000 people.  The 
District’s mission statement has long included the protection of Lake Whatcom water quality.  
 
In furtherance of the District’s mission to protect lake water quality, the District commissioned 
this study to investigate potential impacts from onsite septic systems at the end of Northshore 
Road where there is currently no public sewer system.  The District contracted with Herrera 
Environmental Consultants to test lake water quality over a period of time using various state of 
the art scientific methods along 2.5 miles of shoreline starting at Agate Bay and ending at 
Whatcom County’s Lake Whatcom Park.  On this stretch there are 97 existing homes with the 
potential for development of around 30 more.  Wastewater from these lots could result in as 
much as 22,000 gallons per day (8 million gallons annually) that is treated and dispersed by 
individual onsite sewage septic system drain fields located close to the lakeshore.  
 
The District was concerned that wastewater percolating through soils from individual drain fields 
near the lakeshore may be carrying fecal coliform, phosphorus, and other chemicals to ground 
water that flows into the lake.  The results of this study give credence to these concerns.  DNA 
testing of the water samples positively identified fecal coliform entering the lake came from not 
just animals but also humans.   The study made no attempt to quantify or perform a loading 
analysis, but proves that human feces are entering Lake Whatcom from several sources along 
Northshore Road.  
 
The results of this study may support extending public sewer and eliminating septic systems 
near the lake.  The District plans to coordinate with various Whatcom County departments and 
Washington State Department of Ecology to review all potential solutions to this problem, 
including the potential for extending public sewer to the end of Northshore Road.  
 
Lake Whatcom Water and Sewer District 
Board of Commissioners 
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EXECUTIVE SUMMARY 
To protect the high quality water supply from Lake Whatcom, the Lake Whatcom Water and 
Sewer District investigated the area along approximately 2.3 miles of North Shore Road that 
includes approximately 97 homes currently served by on-site septic systems . A water quality 
monitoring study was developed to determine if septic systems along North  Shore Road are 
contaminating Lake Whatcom, either by soil seepage or surfacing failure. 

Herrera Environmental Consultants prepared a plan that considered various microbiological, 
chemical, biochemical, and molecular techniques for detecting septic system effluent in drainage 
from the study area and in the lake. The study design included monitoring of select field and 
laboratory parameters during three wet weather events in the winter of 2017, when septic 
system contamination would most likely be observed due to saturated soils and a high water 
table. Water quality monitoring was conducted in the lake near the shoreline and in discharges 
to the lake that drain only properties in the study area. Therefore, any discharge shown to be 
contaminated by septic system effluent is contaminating the lake from septic systems located 
within the study area. 

The study was conducted, as planned, by boat during a large rain event on January 19 
(2.20 inches in 48 hours), a moderate rain event on March 15 (0.87 inch in 48 hours), and a large 
rain event on March 29 (1.86 inches in 48 hours), 2017. The lake level rose 1.9 feet between 
January 19 and March 15, and another 0.7 foot by March 29, 2017. 

For each rain event, field measurements were taken continuously in the lake and in all the 
observed surface water discharges to the lake, proceeding in a northwest direction along the 
shoreline from the control site (undeveloped forest) and then through the study area. Water 
samples were collected from select lake and surface water discharge locations where optical 
brighteners from laundry detergent were detected at greater than approximately 50  percent 
above the background measured at the lake control stations. During each event, a total of up to 
18 samples were collected at lake control stations (undeveloped shoreline to southeast for 
background), lake impact stations (distant from drainage discharges in study area), discharge 
stations (draining only the study area), and one on-site sewage station (source confirmation). 
The samples were analyzed for microbiological parameters (fecal coliform bacteria and E. coli) 
for all three events, and for two different DNA biomarkers of human -specific fecal bacteria and 
chemistry parameters (total phosphorus, chloride, and bromide) for the second and third event s 
only. 

Study results showed that many septic systems in the study area are a likely source of 
contamination to Lake Whatcom. The DNA biomarkers of human-specific bacteria were found at 
moderate to high concentrations at 6 of the 13 sampled discharge stations and at 1 of the 
4 sampled lake stations located along the 2.3-mile-long shoreline. At one discharge station, 
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human biomarker concentrations were high for both wet weather sampling events and were 
present at levels similar to those measured in septic tank samples. 

Discharge and lake samples contaminated by human biomarkers from septic system effluent 
also contained elevated levels of optical brighteners, fecal coliform bacteria, and total 
phosphorus. The elevated concentrations of optical brighteners indicate the presence of laundry 
detergents from septic system effluent. Fecal coliform bacteria and total phosphorus 
concentrations in the contaminated samples exceeded Washington State surface water quality 
standards, indicating impacts on public health and the lake environment, respectively. Both fecal 
coliform bacteria and total phosphorus  positively correlated with optical brighteners, provid ing 
additional evidence that septic systems are a significant source of the observed contamination. 

Fecal coliform bacteria and total phosphorus concentrations were several orders of magnitude 
higher in septic tank samples than in lake samples, indicating that the lake was contaminated by 
diffuse seepage from septic system drain fields rather than overland flow from failed systems. 
The numerous and diffuse septic system sources present in the study area would be difficult to 
locate and control for protection of public health and the environment. Connecting homes in 
the study area to a sanitary sewer would prevent the ongoing contamination of Lake Wha tcom 
from septic systems in the area. 
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Water Quality Monitoring Report —Lake Whatcom North Shore OSS Leachate Detection Project 1 

1. INTRODUCTION 
Lake Whatcom is the surface water supply for the Lake Whatcom Water and Sewer District 
(LWWSD) that currently serves a population of nearly 10,000 people from a water treatment 
plant located in Sudden Valley. Lake Whatcom is also the drinking water source for a number of 
residences that draw directly from the lake as well as the City of Bellingham, which serves a 
population of nearly 100,000. 

The US Environmental Protection Agency (EPA) and the Washington State Department of 
Ecology (Ecology) determined that the water quality of Lake Whatcom has become polluted to 
the point where action must be taken. The Lake Whatcom Watershed Total Phosphorus and 
Bacteria TMDL (total maximum daily load) Water Quality Improvement Plan (Ecology 2016) 
addresses elevated amounts of fecal coliform bacteria and phosphorus, which causes excessive 
growth of algae and low dissolved oxygen levels. Sources contributing to the high phosphorus 
and bacteria levels may include failed on-site septic systems (OSS). The TMDL Water Quality 
Improvement Plan primarily relies on stormwater treatment to reduce phosphorus loadings to 
the lake, and only addresses OSS inputs through existing OSS regulations and permitting. 

The City of Bellingham and  Whatcom County each have a program to  sample and analyze 
water quality of certain areas of Lake Whatcom and incoming streams. The LWWSD is a partner 
with the City of Bellingham and Whatcom County through inter -local agreements. However, 
there currently are no known efforts to sample and analyze the North Shore area of Lake 
Whatcom to investigate possible impacts from OSS leaching into the lake. 

The LWWSD has concerns that OSS along the North Shore of Lake Whatcom may be 
contributing to phosphorus and fec al coliform bacteria pollution problems, as well as adding 
pharmaceutical and other manmade compounds to the lake. The leachate of OSS drain fields 
�F�R�Q�W�D�L�Q���K�L�J�K���O�H�Y�H�O�V���R�I���S�K�R�V�S�K�R�U�X�V���D�Q�G���I�H�F�D�O���E�D�F�W�H�U�L�D�����/�H�D�F�K�D�W�H���D�O�V�R���F�R�Q�W�D�L�Q�V���P�D�Q�Š�P�D�G�H��
compounds found in most detergents called optical brighteners. These compounds may be 
detectible and useful as an indicator of leachate entering the lake. 

The LWWSD evaluated OSS maintenance records showing recent OSS problems and a lack of 
regulatory compliance, and recommended conducting a water quality study to document 
impacts to Lake Whatcom by OSS in the North Shore Road area (Wilson 2015). Subsequent to a 
concentrated effort by the Whatcom County Health Department; 90 properties became current 
on their OSS inspections as of August 2016. 

A water quality monitoring study was developed to determine if septic systems along North 
Shore are contaminating Lake Whatcom, either by soil seepage or surfacing failure. A quality 
assurance project plan (QAPP) was prepared that considered various microbiological, chemical, 
biochemical, and molecular techniques for detecting septic system effluent in drainage from the 
study area and in the lake (Herrera 2016). The study design included monitoring of select field 
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and laboratory parameters during three wet weather events in the winter of 2017, when septic 
system contamination would be most likely observed due to saturated soils and a high water 
table. Water quality monitoring was conducted in the lake near the shoreline and in discharges 
to t he lake. All 20 discharges in the study area drained only properties in the study area. Thus, 
any discharge shown to be contaminated by septic system effluent is contaminating the lake 
from a septic system located within the study area. 

This report  is organized into the f ollowing  sections: 

�x Methods 

�x Results and Discussion 

�x Conclusions 
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2. METHODS 
Field and analytical methods used are discussed below. Additional information regarding project 
background, experimental design, and sampling methods can be found in the Lake Whatcom 
North Shore OSS Quality Assurance Project Plan (QAPP) (Herrera 2016). 

Water quality monitoring was conducted from a motorized inflatable boat during three wet 
weather events that included continuous field measurements along the lake shore within a 
control site and the project site (Figure 1), and the collection of water samples from four 
different types of sample stations: 

1. Lake Control Station : Lake water adjacent to an undeveloped lake shoreline located 
southeast of the project site in the control site  

2. Lake Impact Station : Lake water adjacent to the lake shoreline in the project site that is 
distant from  and not directly affected by discharge of local drainages 

3. Discharge Station : Drainage water discharging to the lake from local pipes and dit ches 
in the project site  

4. OSS Station : OSS source water collected from one septic tank located in the project site 

The wet weather events analyzed 48-hour rainfall totals (for sampling  date and previous day)  
with 2.20 inches of rainfall on January 19 (Event 1), 0.87 inches on March 15 (Event 2), and 
1.86 inches on March 29 (Event 3), 2017, as shown in Table 1. These rainfall amounts are for a 
rain gauge located at a lake shore residence in the project site and are slightly higher than those 
measured at a nearby rain gauge operated by the City of Bellingham. Thus, samples were 
collected during two large storm events (Events 1 and 3) and one moderate storm event 
(Event 2). The QAPP objective of sampling after a minimum of 0.5 inches of rain in 24 hours was 
not quite met for Event 2. 

Table 1. Rainfall Amounts  and Lake Levels for Sampling Events.  

 
Sampling Event  1 

1/19/2017  
Sampling Event  2 

3/15/2017  
Sampling Event  3 

3/29/2017  

City 24-hour rainfall previous day (inches)a 0.98 0.33 0.59 

City 24-hour rainfall sampling day (inches)a 1.05 0.42 1.10 

City Total 48-hour rainfall (inches)a 2.03 0.75 1.69 

Lake Shore 48-hour rainfall (inches)b 2.20 0.87 1.86 

Daily Average Lake Elevation (feet MSL) 312.0 313.9 314.6 

a Rainfall data from the City of Bellingham’s North Shore MET rain gage. 

b Rainfall data from Weather Underground station SWABELL105 located at a lake shore residence in the project site. 
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The lake level rose 1.9 feet between sampling on January 19 (Event 1) and March 15 (Event 2), 
and another 0.7 feet on March 29 (Event 3) (see Table 1). The shallow water table adjacent to the 
lake likely rose a similar amount and may have increased the potential for OSS contamination of 
the lake with each event. 

For each event, field measurements were measured continuously in the lake and all of the 
observed surface water discharges to the lake, proceeding in a northwest direction along the 
shoreline from the control site  (undeveloped forest) and then through the project site (see 
Figure 1). Photographic documentation is included in Appendix A. 

A calibrated YSI ProDSS multimeter was used to measure and log positon, temperature, 
dissolved oxygen (DO), pH, and conductivity. A Turner Cyclops-7 fluorometer, configured at a  
wavelength for optical brighteners (OB) and calibrated for a low detection limit (0.6  µg/L), was 
used to log data in relative fluorescence units (RFU). The meter probes were zip tied together 
and deployed at a depth of about 6  inches in the lake while the boat was slowly maneuvered as 
close to shore as possible; the boat was typically beached for deployment of the probes directly 
in discharges. 

The OB fluorometer method has the advantage of detecting human wastewater inputs in real-
time and by logging data continuously, which is particularly useful for pinpointing OSS inputs. 
However, other studies have reported no correlation between fluorometer and fecal coliform 
bacteria results. High concentrations of naturally-produced humic acids and contamination by 
petroleum hydrocarbons may interfere with OB analyses, but those interferences are not 
expected to be a substantial in Lake Whatcom. The Cyclops 7 probe with the DataBank 
display/logger, stainless steel sensor, and 5 meter cable was recommended for this OSS 
detection study because of its high sensitivity, low detection limit, low interference, and ease of 
use for measuring OB concentrations at an unlimited number of locations along the lake shore 
(Herrera 2016). 

Water samples were collected from select lake and surface water discharge locations exhibiting 
fluorescence greater than approximately 50 percent above background measured at the lake 
control stations. During each event, a total of up to 18 samples were collected from up to 3 lake 
control stations, 3 lake impact stations, 14 discharge stations, and 1 on-site sewage (OSS) station 
(see Figure 1). All of the lake impact stations were located beyond the influence of a discharge 
and represent impacts from groundwater seepage or other non -point sources. Nearly all of the 
20 discharges located along the 2.3 mile shoreline exceeded the fluorescence criterion for 
sampling and some discharges were not sampled because they were not observed or had 
previously exhibited low fecal coliform concentrations.  Table 2 summarizes the sample analyses 
performed for each event. 
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Table 2. Sample Analyses Performed for Each Sampling Event.  

Station ID  Station Desc ription  

Sample Analyses 

Event 1 Event 2 Event 3 

Lake Control  

C1 Next to undeveloped shoreline SE of site F, B F, B, L F, B, L 

C2 Next to undeveloped shoreline SE of site F, B – – 

C3 Next to undeveloped shoreline SE of site F, B F, B, L F, B 

Lake Impact  

1L Next to shoreline S of Discharge 525 – – F, B, L 

2L Next to shoreline at Discharge 517 – F, B, L – 

3L Next to shoreline NW of Discharge 517 F, B – – 

4L Next to shoreline SE of Discharge 440 – F, B, L – 

5L Next to shoreline at Discharge 440 – F, B, L – 

Discharge  

429 8-inch corrugated HDPE – – F, B 

430 Twin 12- and 8-inch corrugated HDPE Fa, B F, B, L F, B, L 

437 Open channel Fa, B F, B, L F, B, L 

440 Open channel Fa, B – F, B, L 

449 Open channel Fa, B F, B F, B, L 

453 24-inch corrugated HDPE – F, B F, B, L 

462 36-inch corrugated HDPE Fa, B F, B, L F, B, L 

466 36-inch concrete Fa, B F, B, L F, B, L 

481 36-inch concrete F, B F F 

488 36-inch corrugated HDPE F, B F F 

492 Open channel F, B F, B, L F, B 

495 36-inch concrete F, B F – 

509 36-inch concrete F, B F, B F, B, L 

518 36-inch concrete – F, B, L F, B, L 

520 Open channel – F, B, L F, B, L 

521 36-inch concrete F, B F F, B, L 

525 24-inch concrete – F, B, L F, B, L 

525A Open channel F, B – – 

Septic Tank  

OSS 3201 North sShore Road – F, B, L F, B, L 

a Optical brighteners not measured with field parameters due to fluorometer malfunction.  

F = Field parameters (temperature, dissolved oxygen, pH, conductivity, turbidity, optical brighteners). 

B = Bacteria parameters (fecal coliform bacteria and E. coli). 

L = Laboratory analysis of chemistry (total phosphorus, chloride, and bromide) and Bacteroidetes (B. dorei and EPA developed assay). 

Water samples were collected by pumping water with a peristaltic pump from 0.25-inch tubing 
attached to the instrument probe assembly. New tubing was used for each event and purged for 
several minutes prior to the collection of each sample. Sterile technique was employed, the 
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control samples were collected first, and the OSS sample was collected last. Sample containers 
provided by the laboratories were filled as designed for the following laboratory analyses:  

�x Microbiological: fecal coliform bacteria and E. coli by LabCor, Inc. using Standard 
Method  9222D (membrane filtration). 

�x Chemistry: total phosphorus, chloride, and bromide by Analytical Resources, Inc. using 
Standard Method 4500-P E (persulfate/ascorbic acid) and EPA Method 300.0 (ion 
chromatography). 

�x Microbial Source Tracking (MST): Bacteroidetes human gene biomarkers 1 (B. dorei) and 
2 (EPA developed assay) by Source Molecular Corporation using digital quantitative 
polymerase chain reaction (digital qPCR). 

Analysis of water samples for fecal coliform bacteria was recommended for this OSS detection 
study to assess potential effects of OSS on fecal coliform bacteria loading to Lake Whatcom and 
assist with TMDL implementation. Although fecal coliform bacteria concentrations in the lake 
may not be directly related to OSS inputs, due to an abundance of non-human fecal sources, 
unusually high concentrations may be used as one line of evidence for OSS impacts to human 
health. 

Total dissolved phosphorus analysis of water samples was originally recommended for this OSS 
study because of the importance of phosphorus loading from OSS to the lake, and because 
measuring only dissolved fractions of phosphorus would reduce variation in concentrations of 
total phosphorus caused by wave suspension of near shore sediment (Herrera 2016). However, 
total phosphorus was analyzed because it directly relates to the TMDL (Ecology 2016) and 
ongoing monitoring at Lake Whatcom. In addition, suspension of lake sediment along the 
shoreline appeared to be minor and analysis of only soluble phosphorus would have excluded 
phosphorus from OSS contamination that had precipitated or adsorbed to particles in discharge 
waters. 

Chloride and bromide analyses were recommended for this OSS study as an additional indicator 
of possible OSS contamination of the lake. Chloride concentrations are elevated in sewage due 
to large amounts of salt in human waste and chloride moves conservatively (no adsorption or 
degradation) in ground and surface waters. Chloride (Cl) to bromide (Br) ratios have been used 
successfully to detect OSS contamination of ground waters because this ratio accounts for 
natural variation of these constituents in the salt content of rainfall and groundwater. The USGS 
(Katz et al. 2011) conducted a nationwide study of 1,848 wells and found that the Cl/Br ratio was 
useful as a screening tool for identifying potential impacts of OSS on shallow wells. However, 
bromide analysis may not be necessary because background salt concentrations are not likely to 
vary in the lake or shallow groundwater within the study area. 

The B. dorei and EPA Developed Assay methods are designed around the principle that fecal 
Bacteroidales-like bacteria are found in large quantities in feces of warm-blooded  animals. 
Furthermore, certain strains have been shown to be associated only with humans. False positives 
from non -human sources have never been observed for the B. dorei method and have been 
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observed only on rare occasions for the EPA method (Source Molecular, personal 
communication). As such, these bacterial strains can be used as indicators of human fecal 
contamination. MST results were weighted based on the following criteria with respect to the 
extent of human fecal contamination (Cao et. al. 2013): 

�x The frequency of samples that are positive for human MST markers was of primary 
importance 

�x The magnitude of and consistency between human-associated markers was of secondary 
importance 

�x General fecal indicator bacteria received the least weight. 

For each event, all 17 or 18 samples were analyzed for the microbiological parameters and 
results were reported within 48 hours. For Events 2 and 3, 15 of the lake control and other 
samples exhibiting elevated fecal coliform concentrations were analyzed for the chemistry and 
MST parameters. 
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3. RESULTS AND DISCUSSION 
Summary statistics for samples are presented in Table 3. Laboratory reports and data quality 
review worksheets and are presented in Appendix B. The sample results database is included in 
Appendix C. 

Data quality review results are summarized first in this section. Monitoring r esults are then 
presented and discussed separately for field parameters (temperature, DO, pH, conductivity, and 
OB), chemistry (total phosphorus, chloride, and bromide), bacteria (fecal coliform and E. coli), 
and Bacteroidetes. This section concludes with results and discussion of the correlation analysis 
performed on the collected data . 

3.1. DATA QUALITY REVIEW 

Field and laboratory procedures followed the project QAPP (Herrera 2016) with the following 
exceptions: 

�x Optical brightener data are missing for approximately half of the site during Event 1 due 
to water damage to the fluorometer . 

�x Chemistry analyses were performed by Analytical Resources, Inc. instead of the Institute 
for Environmental Health that was specified in the QAPP. 

�x Total phosphorus was analyzed instead of total dissolved phosphorus. 

�x Reported laboratory detection limits for total phosphorus  (0.008 milligrams per liter 
[mg/L]) and bromide (0.100 mg/L) were slightly elevated from the QAPP objectives 
(0.005 mg/L and 0.05 mg/L, respectively). 

All continuous field parameter data were reviewed to remove data logged while probes were 
out of the water . Identified data were deleted from the database 

Laboratory data were verified and validated to ensure that all data were consistent, correct, and 
complete, and that all required quality control information was provided. Values associated with 
minor qualit y control problems w ere considered estimates and assigned J qualifiers. Estimated 
values were used for evaluation purposes. The following laboratory quality control elements  
were reviewed for each sampling event: 

�x Completeness 

�x Methodology
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Table 3. Summary Statistics for Samples Collected.  

Parameter  

Discharge Stations  Lake Impact Stations  Lake Control Stations  OSS Station 

Min.  Max.  Median  Min.  Max.  Median  Min.  Max.  Median  Min.  Max.  Median  

Temperature (°C) 5.2 8.9 7.4 6.8 7.7 7.2 6.3 6.7 6.7 7.8 9.1 8.5 

Dissolved oxygen (mg/L) 10.5 12.2 11.7 11.1 11.7 11.3 10.4 11.8 11.4 0.30 0.61 0.46 

pH (std. units) 6.3 7.4 7.1 6.9 7.4 7.1 7.2 7.5 7.3 6.9 7.0 6.9 

Conductivity (µS/cm) 0.2 115.6 59.0 56.6 64.8 60.9 50.7 58.1 57.3 944 963 660 

Turbidity (FNU) 0.9 67.2 8.2 0.4 3.0 1.7 0.2 0.6 0.3 26.8 32.3 29.6 

Optical brighteners 
(RFUB) 

51.0 297 189 61.7 227.7 81.2 8.2 45.5 43.4 632 686 660 

Total phosphorus (mg/L) 0.014 0.218 0.054 0.012 0.030 0.021 <0.008 <0.008 <0.008 10.2 10.3 10.3 

Chloride (mg/L) 1.15 3.47 2.08 2.56 3.05 2.61 2.59 2.68 2.68 46.8 48.1 47.5 

Bromide (mg/L) <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.001 

Fecal coliform 
(CFU/100 mL) 

2 800 36/192a <5 46 10/31a <2 <5 3/5a 1,500,000 4,080,000 2,470,000/ 
3,820,000a 

E. coli (CFU/100 mL) 2 342 28/156a <5 42 10/29a <2 <5 3/5a 1,500,000 4,080,000 2,470,000/ 
3,820,000a 

Fecal coliform/E. coli ratio 0.1 1.0 1.0 0.9 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 

B. dorei (copies/100 mL) 0 21,700 8.4b 0 60 3.7b 0 <3 1.4b 1,030 1,460 1,230b 

B. EPA (copies/100 mL) 0 9,960 4.6b 0 0 0 0 0 0 55,000 141,000 88,100b 

a Geometric mean/90th percentile calculated for coliform bacteria. 

b Geometric mean calculated for Bacteroidetes DNA. 

Bold values  exceed following surface water standards (WAC 173-201A): Temperature >16°C, DO <9.5 mg/L, pH <6.5, >8.5, Total phosphorus >0.020 mg/L, 
Bacteria geometric mean >0 cfu/100 mL or 90th percentile >100 cfu/100 mL. 

°C = degrees Celsius 

mg/L = milligrams per liter  

µS/cm = microsiemens per centimeter 

FNU = formazin nephelometric units 

RFUB = relative fluorescence units, blank corrected 

CFU/100 mL = colony forming units per 100  milliliters; Copies/100 mL = copies per 100 milliliters  

< = not detected above the associated reporting limit  
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�x Holding times  

�x Blanks 

�x Control Standards 

�x Matrix spikes 

�x Laboratory duplicates 

�x Fecal coliform bacteria enumeration 

Based on the data validation, all reported results were considered acceptable for use as reported 
with the following exceptions:  

�x Several fecal coliform bacteria and E. coli results were qualified as estimated due to plate 
counts outside the ideal range of 20 to 60. 

�x The total phosphorus result for th e sample collected from Station 4L during the second 
event was qualified as estimated (flagged J) due to method blank contamination.  

3.2. FIELD PARAMETERS 

Sample summary statistics for temperature, DO, pH, conductivity, and OB are presented in 
Table 3. Continuous field parameter data are presented on Figures 2 through  7. 

As shown on Figure 2, continuous temperature measurements for Events 2 and 3 indicate a 
general increase in lake temperature along the shoreline moving away (northwest) from the  
control site, and the discharge points exhibited higher water temperature than the lake. For 
Event 1, however, temperature was generally consistent along the lake shoreline and discharge 
water temperatures were lower than the lake. This was due to snow and ice being present in the 
area during sampling for Event 1 in January. Temperature measurements ranged from 5.2 to 
8.9 degrees Celsius (°C) at the discharge stations, 6.8 to 7.7°C at the lake impact stations, 6.3 to 
6.7°C at the lake control stations, and 7.8 to 9.1°C at the OSS station  (Table 3). Thus, the OSS 
samples were only a couple of degrees warmer than the lake and discharge waters. All 
temperature measurements met the surface water standard of less than 16°C (WAC 173-201A). 

DO levels in the lake increased with each of the sampling events (Figure 3), likely due to 
increasing algae productivity. DO levels also slightly increased with distance along the shoreline 
from the control area for all three events. The DO results ranged from 10.5 to 12.2 mg/L at the 
discharge stations, 11.1 to 11.7 mg/L at the lake impact stations, 10.4 to 11.8 mg/L at the lake 
control stations, and 0.3 to 0.6 mg/L at the OSS station (Table 3). The lake and discharge 
samples were essentially saturated with oxygen, while essentially no oxygen was present in the 
OSS samples. 
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Figure 2.  Water Temperature (°C) Along Lake Whatcom Shoreline Extending from Control Area. 
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Figure 3. Dissolved Oxygen (mg/L) A long  Lake Whatcom Shoreline Extending from Control Area. 
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Figure 4.  Conductivity (µS/cm) A long Lake Whatcom  Shoreline Extending from Control Area. 
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Figure 5.  Continuous pH Along Lake Whatcom S horeline Extending from Contro l Area. 
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Figure 6.  Turbidity  (FNU) Along Lake Whatcom S horeline Extending from Control Area. 
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Figure 7.  Optical Brightener (RFUB) Along Lake Whatcom  Shoreline Extending from Control Area. 
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In general, conductivity was similar between all three sampling events and remained consistent 
in the lake with distance along the shoreline (Figure 4). Conductivity often decreased briefly in 
the lake at and between discharges, while some discharges exhibited high conductivity 
compared to the lake. As shown in Table 3, conductivity ranged from 0.2 to 115.6 microsiemens 
per centimeter (µS/cm) at the discharge stations, 56.6 to 64.8 µS/cm at the lake impact stations, 
50.7 to 58.1 µS/cm at the lake control stations, and 944 to 963 µS/cm at the OSS stations. 
Discharge station 429 had the unusually low conductivity value of 0.2 µS/cm. The median 
conductivity was approximately 11 times higher in the OSS samples than the lake impact or 
discharge samples. 

Continuous pH measurements were generally consistent with distance along the shoreline from 
the control area for all three events (Figure 5). The pH of discharge water was lower than the 
lake water at all discharge points for all three events. The pH results ranged from 6.3 to 7.4 at 
the discharge stations, 6.9 to 7.4 at the lake impact stations, 7.2 to 7.5 at the lake control 
stations, and 6.9 to 7.0 at the OSS station . The low pH results at discharge sample locations 429 
(6.27) and 453 (6.43) during the third sampling event did not meet the surface water standard of 
greater than 6.5 and less than 8.5. 

Continuous turbidity was consistently low in the lake except in the vicinity of  some turbid 
discharges (Figure 6). Turbidity results ranged from 0.9 to 67 formazin nephelometric units 
(FNU) at the discharge stations, 0.4 to 3.0 FNU at the lake impact stations, 0.2 to 0.6 FNU at the 
lake control stations, and 27 to 32 FNU at the OSS station . 

OB values in the lake frequently increased from baseline either in the vicinity of or distant from 
discharges, and slightly increased with distance along the shoreline from the control area for 
Event 3 (Figure 7). The OB values ranged from 51 to 297 relative fluorescence units—blank 
corrected (RFUB) at the discharge stations, 62 to 228 RFUB at the lake impact stations, 8.2 to 
46 RFUB at the lake control stations, and 632 to 686 RFUB at the OSS station . Median OB values 
increased from the lake control stations (43 RFUB) by a factor of 2 at the lake impact stations 
(81 RFUB), a factor of 4 at the discharge stations (189 RFUB), and a factor of 15 at the OSS 
station  (660 RFUB).  

3.3. CHEMISTRY 

Sample summary statistics for total phosphorus, chloride, and bromide  are presented in Table 3. 
Results for all sample locations are presented in Appendix C. 

Total phosphorus was not detected above the laboratory reporting limit (0.008  mg/L) in any of 
the lake control samples. Median total phosphorus concentrations increased from the lake 
impact stations (0.021 mg/L), to the discharge stations (0.054 mg/L), and to a very high 
concentration at the OSS station (10.3 mg/L). High concentrations, defined as exceeding the 
Washington State action value of 0.020 mg/L for Puget Sound lowland lakes (WAC 173-201A), 
were observed at 12 of the 13 discharge stations and at 2 of the 4 lake impact stations. 
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The median chloride concentration was similar for lake impact stations (2.61 mg/L) and lake 
control station  (2.68 mg/L), and slightly lower for the discharge stations (2.08 mg/L). The median 
chloride concentration at the OSS station (47.5 mg/L) was 18 times higher than the lake stations. 

Bromide was not detected above the reporting limit in any sample. Therefore, chloride/bromide  
ratios were not calculated. 

3.4. BACTERIA INDICATORS 

Sample summary statistics for fecal coliform and E. coli are presented in Table 3. Results for all 
sample locations are presented in Appendix C. 

Geometric mean concentrations of fecal coliform bacteria increased from the lake control 
stations (<3 CFU/100 mL), to the lake impact stations (10 CFU/100 mL), to the discharge stations 
(36 CFU/100 mL), and to a very high concentration  at the OSS station (2.5 million CFU/100 mL) 
(see Table 2). 

Fecal coliform bacteria results are summarized for each station location in Figure 8. High 
concentrations, defined as exceeding the Washington State surface water standard of 
100 CFU/100 mL for a single sample, were observed on one or more occasion at eight discharge 
stations and no lake stations. Thus, primary contact recreation in the vicinity of these discharges 
should be avoided to protect public health. Furthermore, consumption of untreated lake waters 
containing any detectable concentrations of fecal coliform bacteria should be avoided to protect 
public health. 

Fecal coliform bacteria concentrations were typically equivalent to E. coli concentrations, 
suggesting that the samples did not include many positive testing organisms that are not of 
fecal origin. Considering the high levels observed at the OSS station and that fecal coliform 
concentrations commonly exceed 1,000 CFU/100 mL in stormwater runoff (e.g., event mean 
concentration of 7,750 most probable number [ MPN]/100 mL for stormwater draining 
residential development; Shaver et al. 2007), none of the observed lake or discharge results 
exhibited high enough fecal coliform bacteria concentrations to strongly indicate contam ination 
from septic system effluent. 

3.5. BACTEROIDETES 

Geometric mean concentrations of Bacteroidetes human biomarkers (including both B. dorei and 
EPA methods) did not exceed the limit of quantitation at the lake control and  impact stations 
(<3 copies/100 mL for both methods), increased at the discharge stations (8.4 and 
4.6 copies/100 mL, respectively), and were much higher at the OSS station (1,230 and 
88,100 copies/100 mL, respectively) (see Table 3). 
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Bacteroidetes human biomarker results are summarized for each station in Figure 9. High 
concentrations, defined as greater than 100 times the quantitation li mit of 3  copies/100 mL, 
were observed on one or more occasion at two discharge locations and no lake locations. 

Moderate concentrations (3 to 300 copies/100 mL) were observed at four discharge stations and 
one lake station (located near a discharge with a moderate concentration). Moderate to high 
concentrations of human biomarkers are considered proof that the samples were contaminated 
by septic system effluent. False positives from non-human sources have never been observed 
for the B. dorei method and have been observed only on rare occasions for the EPA method 
(Source Molecular personal communication). Thus, septic system contamination was definitely 
observed at seven locations in the 2.3-mile study area. 

Discharge 520 (see Figure 9) exhibited the most conclusive evidence of septic system 
contamination because both samples collected at this discharge contained high concentrations 
of both biomarkers that were  similar to concentrations observed in the OSS sample. 
Interestingly, fecal coliform bacteria concentrations were not exceptionally high (62 and 
100 CFU/100 mL) in either sample from Discharge 520. Higher fecal coliform bacteria 
concentrations would be expected if this discharge was contaminated by a septic system that 
was undergoing a surfacing failure and draining directly into the discharge drainage. The 
moderate to high concentrations of human Bacteroidetes DNA without exceptionally high fecal 
coliform bacteria concentrations at this and the other sampled stations suggest that those 
drainage and lake waters were contaminated by seepage of septic system effluent through soils, 
which may have retained fecal coliform bacteria cells and passed Bacteroidetes DNA. 

3.6. CORRELATION ANALYSIS 

Non-parametric correlation analysis (Spearman’s rho) was performed on the results to 
determine which monitoring parameters were good predictors of fecal and phosphorus 
contamination. The lake and discharge sample data were tested both separately and combined 
for significant parameter correlations. Results of this analysis are presented in Table 4. 

None of the field, chemical, or microbiological parameters analyzed for this study were good 
predictors of human fecal contamination in the lake or discharge samples. Neither human 
biomarker correlated to fecal coliform or E. coli, suggesting that fecal coliform bacteria also 
originate from animals and are not good indicators of human fecal contamination within the 
project area. The two human biomarkers were significantly (�/  = 0.05) correlated with each other 
among the discharge samples, but not strongly (rho = 0.46). Significant but rather weak 
correlations (rho < 0.6) were observed in the discharge samples for B. dorei with temperature 
(positive) and for the EPA method with dissolved oxygen (negative), pH (negative), and chloride 
(positive). 
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Variable

Temp. 

(°C)

DO 

(mg/L)

pH (std. 

units)

Sp. Cond 

(uS/cm)

OB 

(RFUB)

Total P 

(mg/L)

Chloride 

(mg/L)

Fecal coliform

(CFU/100mL)

E. coli 

(CFU/100mL)

B. dorei 

(copies/100mL)

B. EPA 

(copies/100mL)

B. dorei+B. EPA 

(copies/100 ml)

All Sites except OSS
Temperature (°C) 1.00 -0.31 0.00 -0.03 0.41 0.70 -0.29 0.12 0.09 0.50 0.19 0.43
Dissolved Oxygen (mg/L) -0.31 1.00 0.37 -0.30 0.26 0.10 -0.45 -0.04 -0.05 -0.20 -0.51 -0.32
pH (standard units) 0.00 0.37 1.00 -0.14 -0.16 -0.14 -0.18 -0.52 -0.55 -0.12 -0.47 -0.25
Specific Conductance (uS/cm) -0.03 -0.30 -0.14 1.00 0.02 -0.15 0.62 0.12 0.06 0.28 0.25 0.26
Optical Brighteners (RFUB) 0.41 0.26 -0.16 0.02 1.00 0.70 -0.53 0.38 0.38 0.30 -0.05 0.23
Total Phosphorus (mg/L) 0.70 0.10 -0.14 -0.15 0.70 1.00 -0.59 0.61 0.57 0.36 0.05 0.30
Chloride (mg/L) -0.29 -0.45 -0.18 0.62 -0.53 -0.59 1.00 -0.20 -0.29 0.22 0.42 0.27
Fecal coliform (CFU/100mL) 0.12 -0.04 -0.52 0.12 0.38 0.61 -0.20 1.00 0.97 0.31 0.31 0.35
E. coli (CFU/100mL) 0.09 -0.05 -0.55 0.06 0.38 0.57 -0.29 0.97 1.00 0.17 0.18 0.22
B. dorei (copies/100mL) 0.50 -0.20 -0.12 0.28 0.30 0.36 0.22 0.31 0.17 1.00 0.43 0.96
B. EPA (copies/100mL) 0.19 -0.51 -0.47 0.25 -0.05 0.05 0.42 0.31 0.18 0.43 1.00 0.64
B. dorei + B. EPA (copies/100 ml) 0.43 -0.32 -0.25 0.26 0.23 0.30 0.27 0.35 0.22 0.96 0.64 1.00
Discharge Sites Only
Temperature (°C) 1.00 -0.48 0.15 -0.07 0.19 0.46 -0.14 0.06 -0.01 0.54 0.10 0.41
Dissolved Oxygen (mg/L) -0.48 1.00 0.51 -0.37 0.15 0.20 -0.53 -0.29 -0.31 -0.22 -0.53 -0.36
pH (standard units) 0.15 0.51 1.00 -0.12 0.16 0.18 -0.43 -0.48 -0.53 -0.05 -0.49 -0.22
Specific Conductance (uS/cm) -0.07 -0.37 -0.12 1.00 -0.08 -0.24 0.72 0.06 -0.03 0.36 0.31 0.35
Optical Brighteners (RFUB) 0.19 0.15 0.16 -0.08 1.00 0.47 -0.58 -0.04 -0.05 0.16 -0.28 0.02
Total Phosphorus (mg/L) 0.46 0.20 0.18 -0.24 0.47 1.00 -0.53 0.31 0.27 0.34 -0.14 0.21
Chloride (mg/L) -0.14 -0.53 -0.43 0.72 -0.58 -0.53 1.00 0.13 0.00 0.25 0.55 0.36
Fecal coliform (CFU/100mL) 0.06 -0.29 -0.48 0.06 -0.04 0.31 0.13 1.00 0.94 0.32 0.20 0.33
E. coli (CFU/100mL) -0.01 -0.31 -0.53 -0.03 -0.05 0.27 0.00 0.94 1.00 0.11 0.06 0.13
B. dorei (copies/100mL) 0.54 -0.22 -0.05 0.36 0.16 0.34 0.25 0.32 0.11 1.00 0.46 0.94
B. EPA (copies/100mL) 0.10 -0.53 -0.49 0.31 -0.28 -0.14 0.55 0.20 0.06 0.46 1.00 0.71
B. dorei + B. EPA (copies/100 ml) 0.41 -0.36 -0.22 0.35 0.02 0.21 0.36 0.33 0.13 0.94 0.71 1.00
Lake Sites Only
Temperature (°C) 1.00 -0.14 -0.83 0.56 0.74 0.96 0.03 0.49 0.49 0.43 0.00 0.43
Dissolved Oxygen (mg/L) -0.14 1.00 0.45 -0.06 0.19 -0.48 -0.05 0.11 0.11 0.00 0.00 0.00
pH (standard units) -0.83 0.45 1.00 -0.25 -0.46 -0.67 0.36 -0.29 -0.29 0.09 0.00 0.09
Specific Conductance (uS/cm) 0.56 -0.06 -0.25 1.00 0.71 0.63 0.44 0.49 0.49 0.36 0.00 0.36
Optical Brighteners (RFUB) 0.74 0.19 -0.46 0.71 1.00 0.93 0.22 0.77 0.77 0.42 0.00 0.42
Total Phosphorus (mg/L) 0.96 -0.48 -0.67 0.63 0.93 1.00 0.17 0.58 0.58 0.56 0.00 0.56
Chloride (mg/L) 0.03 -0.05 0.36 0.44 0.22 0.17 1.00 0.15 0.15 0.73 0.00 0.73
Fecal coliform (CFU/100mL) 0.49 0.11 -0.29 0.49 0.77 0.58 0.15 1.00 1.00 0.37 0.00 0.37
E. coli (CFU/100mL) 0.49 0.11 -0.29 0.49 0.77 0.58 0.15 1.00 1.00 0.37 0.00 0.37
B. dorei (copies/100mL) 0.43 0.00 0.09 0.36 0.42 0.56 0.73 0.37 0.37 1.00 0.00 1.00
B. EPA (copies/100mL) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00
B. dorei + B. EPA (copies/100 ml) 0.43 0.00 0.09 0.36 0.42 0.56 0.73 0.37 0.37 1.00 0.00 1.00

Red values are significant correlations at p<0.05

Table 4. Spearman Rank Order Correlation Coefficients for the Lake Whatcom North Shore Road OSS Detection Project .
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Fecal coliform and E. coli were significantly and strongly correlated (rho = 0.77) with optical 
brighteners in the lake samples (see Table 4). Optical brighteners did not correlate with fecal 
bacteria in the discharge samples, likely due to false positive fluorescence from varied amounts 
and types of dissolved organic carbon in the discharge samples. Relationships of fecal coliform 
bacteria with optical brighteners are shown separately for the lake and discharge samples in 
Figure 10. 

Fecal coliform and E. coli were significantly correlated with pH (weakly negative at rho = - 0.47) in 
the discharge samples, but not in the lake samples. Combining the lake and discharge data 
showed a significant correlation of both fecal indicators with total phosphorus (rho  = 0.6) 

Total phosphorus was significantly correlated with optical brighteners and temperature with 
much higher coefficients in the lake samples (rho = 0.93 and 0.96, respectively) than the 
discharge samples (rho = 0.47 and 0.46). Relationships of total phosphorus with optical 
brighteners are shown separately for the lake and discharge samples in Figure 11. The discharge 
samples also exhibited a significant but weakly negative relationship between total phosphorus 
and chloride (rho = - 0.53). 

Page 43 of 393



 

July 2017 

Water Quality Monitoring Report —Lake Whatcom North Shore OSS Leachate Detection Project 29 

 

Figure 10.  Fecal Coliform Bacteria Versus Optical Brighteners.   
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Figure 1 1. Total Phosphorus  Versus Optical Brighteners.  
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4. CONCLUSIONS 
Study results showed that many septic systems in the study area are a likely source of 
contamination to Lake Whatcom. The two molecular DNA biomarkers of human-specific bacteria 
were found at moderate to high concentrations of either biomarker at 6 of the 13 sampled 
discharge stations and at 1 of the 4 sampled lake stations located along the 2.3-mile-long 
shoreline. At one discharge station, biomarker concentrations were high for both wet weather 
sampling events and were present at levels similar to those measured in septic tank samples. 

Discharge and lake samples contaminated by human biomarkers from septic system effluent 
also contained elevated levels of optical brighteners, fecal coliform bacteria, and total 
phosphorus. The elevated concentrations of optical brighteners indicate the presence of laundry 
detergents from septic system effluent. Fecal coliform bacteria and total phosphorus 
concentrations exceeded Washington State surface water quality standards, indicating impacts 
on public health and the lake environment, respectively. Both fecal coliform bacteria and total 
phosphorus positively correlated with optical brighteners, provid ing additional evidence that 
septic systems are a significant source of the observed contamination. 

Fecal coliform bacteria and total phosphorus concentrations were several orders of magnitude 
higher in septic tank samples, indicating that the lake was contaminated by diffuse seepage 
from septic system drain fields rather than overland flow from failed systems. The numerous and 
diffuse septic system sources present in the study area would be difficult to locate and cont rol 
for protection of public health and the environment. Connecting homes in the study area to a 
sanitary sewer would prevent th e ongoing contamination of Lake Whatcom  from septic systems 
in the area. 
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LAKE CONTROL STATION 

  

Station C1, Event 3.  Smith Creek,  Event 2. 

  

Smith Creek, Event 3.  Smith Creek, Event 3.  
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LAKE IMPACT STATIONS 
 

 

Station 1L, Event 3.  Station 2L, Event 2.  
 

 

Station 4L, Event 2.  Station 4L, Event 2.  
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Station 5L, Event 2.  
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LAKE DISCHARGE STATIONS 

 

 

Station 429, Event  3. Station 430, Event 1.  
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Station 430, Event 2.  Station 430, Event 3.  
 

 

Station 437, Event 1.  Station 437, Event 2.  
 

Page 58 of 393



June 2017 

A-8 Water Quality Monitoring Report —Lake Whatcom North Shore OSS Leachate Detection Project 

 

 

Station 437, Event 2.  Station 437, Event 3.  

 

 

Station 440, Event 3.  Station 449, Event 1.  
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Station 449, Event 2.  Station 449, Event 3.  
  

Station 453, Event 2.  Station 453, Event 2.  
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Station 462, Event 2.  Station 462, Event 3.  
 

 

Station 466, Event 2.  Station 466, Event 3.  
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Station 481, Event 2.  

 

Station 481, Event 1.  Station 481, Event 3.  
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Station 488, Event 3.  Station 488, Event 2.  
  

Station 492, Event 1.  Station 492, Event  2. 
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Station 492, Event 2.  Station 492, Event 3.  
  

Station 495, Event 2.  Station 509, Event 2.  
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Station 509, Event 2.  Station 509, Event 3.  
 

 

Station 518, Event 2.  Station 518, Event 3.  
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Station 520, Event 2.  Station 520, Event 3.  
 

 

Station 521, Event 2.  Station 521, Event 3.  
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