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MST Demonstration Project
Project Team Responsibilities

Washington State Conservation Commission — Funding, document review,
technical committee oversight

Herrera Environmental Consultants — Lead investigator, project management,
QAPP preparation, sampling/laboratory coordination, data validation/analysis,
stakeholder involvement, and report preparation.

Tacoma Pierce County Health Department — QAPP/report review, fecal source
sampling, freshwater sampling

Washington State Department of Health — Marine water sampling
Squaxin Island Tribe — Fecal source and marine water sampling
Source Molecular — Study design, QA/QC, and gPCR analysis

University of Minnesota BioTechnology Institute — Fecal community DNA
analysis

Centric Analytical Labs — Fecal bacteria analysis, MST sample filtration
Pierce Conservation District — Farm source control

Pierce County Planning and Public Works — Municipal stormwater source
control
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MST Demonstration Project
QAPP and Study Design Process

e Site Description

* Historical Data Analysis
* Project Hypotheses
 Watershed Selection

e Sample Site Selection
e MST Method Selection
 Biomarker Selection
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MST Demonstration Project

Historical Data Analysis

Freshwater and marine fecal
coliform bacteria data analysis
for Rocky, Vaughn, and Filucy
Bay watersheds:

e Spatial trends

e Hydrologic trends

 Long-term trends

e Seasonal trends

 Loading analysis

&
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- Vaughn Bay Watershed and Sampling
Stations.

Figure 8.

Legend

@  Marine Sampling Stations

Freshwater Sampling Stations
& Other

®  Land Runoff
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MST Demonstration Project

Freshwater fecal coliform bacteria
concentrations in 3 watersheds:

e Geometric Mean Criterion Exceeded:

e 17 percent (11/63 stations) in
Base Flow

e 35 percent (17/49 stations) in
Storm Flow

e 90t Percentile Criterion Exceeded:

e 51 percent (32/63 stations) in
Base Flow

e 51 percent (25/49 stations) in
Storm Flow
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Geomean (CFU/100 mL)

90th Percentile (CFU/100 mL)

Bay | Site ID All Base Storm All Base Storm
VB001 80 80| (no data) 219 219 | (no data)
VB003 22 11 152 796 217 1,120
VB004 26 15 131 1,000 146 1,500
VBO005 48 47 52 1,019 1,082 184
VB007 63 76 32 570 544 582
VB009 51 50 54 590 520 380
VB010 39 33 63 348 200 562
VBO11 3 2 7 34 17 39
VB012 3 2 5 37 184 37

s | VBO13 66 46 199 648 541 1,146

@ | VBO14 22 17 50 92 78 325

-bgb VBO015 38 9 95 676 774 338

¢>=u VBO16 14 16 8 88 70 97
VBO17 11 13 7 104 100 121
VBO018 225 225| (no data) 680 680 | (no data)
VB046 29 20 114 460 199 1,016
VB047 31 20 130 284 188 963
VB049 6 6 7 62 38 755
VBO050 10 7 23 130 77 1,125
VB111 1 1 3 88 276 40
VB112 39 31 69 729 525 905
VBUOO1 36 38 25 160 126 215
VBUOO2 24 24 20 94 96 69




MST Demonstration Project

Historical Data Analysis

Freshwater fecal coliform bacteria Base Flow Loadin CreymE Eloatin
loading rates show: (Million CFU/Da (Million CFU/Da

Watershed Streams Drains? Streams Drains?

e Storm Flow > Base Flow

Rocky Bay 296 289 8,158 2,073
except Vaughn Bay streams
Vaughn Bay 578 598 488 1,296
 Drains > Streams
except Rocky Bay Filucy Bay 312 462 549 1,263
Total 1,187 1,348 9,196 4,631

&
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MST Demonstration Project

Historical Data Analysis

Animal counts and fecal coliform Kiloim o e 4o ;
production rates based in 1,000- i tindenits Survey Parcels

Priority

pound animal units (au): ik -
e Cow =101 billion CFU/day/au o i :
e Horse = 0.42 billion CFU/day/au iy ) |

e Sheep = 200 billion CFU/day/au L
* Chicken = 34 billion CFU/day/au

Farm condition ratings:
e GIS analysis pending data
digitization

&
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MST Demonstration Project

Stream fecal bacteria - watershed attribute correlation analysis:

Horse fecal production significantly correlated with fecal coliform loading rate
Septic Horses/D Sheep/G| Total
System Poultry onkey/P  oats/Lla Animals Grasslan | Herbace
Stream Fecal Coliform | Density | Hydric FC Cows FC | onies FC| mas FC FC Barren Develope d/Pastur, ous Shrublan Woody Impervio
Metric for 11 Streams | (#/squar  Soil (10n9 | (1079 (1079 (1079 (10179 Land Cropland d Forest e Wetlands d Water Wetlands us
in 3 Watersheds e mile) (%) FC/day) FC/day)  FC/day) FC/day) FC/day) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
FC Conc. Geomean
All Samples 0.147 = 0.325 @ -0.408 | 0.335 | -0.427 | -0.115 | 0.184 | -0.061 | -0.151 @ -0.429 | -0.030 | 0.134 | 0.010 @ 0.087 | -0.097 | 0.363 | -0.198
(CFU/100 mL)
FC Conc. Geomean
Base Flow Only 0.116 | 0.380 | -0.451 | 0.404 | -0.473 | 0.036 0.308 | -0.082 | -0.134  -0.413 -0.136 @ 0.205 0.115 | 0.138 | -0.155 | 0.439 | -0.192
(CFU/100 mL)
FC Load Geomean
All Samples 0.061 | -0.210 | 0.575 | -0.120 | 0.603 | -0.085 @ -0.123 | 0.296 | -0.267 = 0.351 | 0.383 | -0.446 | -0.435 | -0.225 0.478 | -0.417 | 0.273
(1076 CFU/Day)
FC Load Geomean
Base Flow Only 0.048 | -0.195 @ 0.515 | -0.119 | 0.535 | -0.061 @ -0.111 0.250 | -0.249 @ 0.324 @ 0.323 @ -0.388 | -0.373 | -0.190 | 0.424 | -0.376 | 0.243
(1076 CFU/Day)
Significant Correlation at alpha =
0.05
Q)
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MST Demonstration Project &
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H, — Fecal coliform bacteria concentrations in downgraded shellfish protection areas are primarily affected by
loadings in freshwater discharges to those areas.

H, — Fecal coliform bacteria concentrations in downgraded shellfish protection areas and freshwater drainages
to those areas are higher during storm events than base flow events.

H; — Fecal coliform bacteria concentrations in downgraded shellfish protection areas and freshwater drainages
to those areas are highest during the seasonal first flush conditions in the fall and in the wettest years.

H, — Sources of fecal coliform bacteria present in downgraded shellfish protection areas and watershed drainage
will vary spatially, temporally, and hydrologically.

H: — Sources of fecal coliform bacteria present in shellfish protection areas and watershed drainage may include
humans from onsite septic systems and/or multiple types of farm animals, pets, and wildlife located in the
watershed draining to those areas.

H, — The gPCR and community-based MST methods will identify fecal sources present in the collected marine
and freshwater samples.

H, — Characterization of fecal sources in the collected samples will increase the ability to identify effective
corrective actions for upgrading shellfish protection areas.



MST Demonstration Project

Watershed Selection

 Vaughn Bay selected because:

&
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 Largest downgraded area (96 acres)

* Restricted tidal flushing increases
freshwater influence

e Simple watershed drainage (one main
stream)

Rocky Bay small downgrade area and
large forested watershed

Filucy Bay complicated by several
streams, two embayments, and one
marina

Burley Lagoon in Kitsap County with
current MST study
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. . - j VABGHN BAY
MST Demonstration Project W6 ) s Y RAEIRSET
Sample Site Selection

3 marine stations:
e 1 in prohibited area
e 2 inrestricted area

FVaughn
Bay

7 freshwater stations:
e 2 on each fork of Vaughn Creek
e 2 on small streams
e 3 on problem drains
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MST Demonstration Project
MST Method Selection

1. Single-host Bacteroidetes quantitative PCR  ——
by Source Molecular: i g I I e b i
* High performance without source library iz I B 3 I I %;
« Most common, mature, and effective BRI R %z g;“
« Standardized protocols for many sources e
» Published QC data for sensitivity, selectivity, i: | L e
and detection limits III ‘ | e —
« Commercial lab available to all, EPA SHEHERHE = i I I X e
coordination, and quick turnaround = B.,I AElE o
2. Community-based Next Generation Sequencing E1gg " o 9% FT—
by U. of Minnesota BioTechnology Institute: HIHIEE=2RE -
* Source library augmented with local sources  _: | I | l B I !!l ‘ =
« Wildlife sources without gPCR biomarkers el E e, sy a3 j 118 e

@ * Sewage-septage differentiation
N
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MST Demonstration Project
qPCR Biomarker Selection

1.

2.
3.

6.
7.

&
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Human marker HF183 EPA - high sensitivity
(low false negatives)

Cow marker CowM2 - EPA for range cattle

Horse marker HOF597F - only horse marker,
validated

Ruminant marker Rum2Bac - highest
sensitivity, includes cow, sheep, goat, llama,
alpaca, and deer

Pig marker Pig2Bac - only pig marker,
validated

Dog marker DG3 - successfully used locally

Bird marker GFD - general marker without
differentiating specific markers for gulls,
geese, chickens, or poultry litter

Human and Animal fecal sources
Q=

‘}aa» - @

Waterbody
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MST Demonstration Project

Sampling and Analysis Plan

 Fecal source sampling of ~10 samples for each
of 7 human/animal sources (Aug - Sept 2018)

8 water grab samples at 7 stations:

<

5 monthly routine events (Aug - Dec 2018)

e 3 storm events (Oct - Dec 2018)
Flow and optical brightener fluorescence

Fecal coliform, E. coli, and MST sample filtration
at local lab, ship frozen filters to SM

MST sample filter extraction and gPCR analysis
by Source Molecular

Source and water sample extracts to UMBI
Geospatial statistical analysis of fecal bacteria,
MST, climate, and watershed attribute data

Hgﬁlfinal report by June 30, 2019

Environmental




MST Demonstration Project

4 Puget Sound shellfish protection areas

T,

J—
é Source  Towoe s s e e oo
? Molecular T e o @acuretmir 2o

--20°C freezer or dry ice to freeze filters

- Pre-sterilized filter funneis (Pall MicroFunnels cat# FMFNL3020 or equivalent)
-Sidearm flask or waste bottie

-Yacuum manifold that fits the Pall MicroFunnels

Wacuum source with tubing

-Stainless steel forceps (Millipore cat# XX6200006P)

-Flame source for sterilizing forceps

-Beaker fo hold forceps

-Sterile bead tubes (contact Source Molecular to order- info@sourcemolecular. com)

Lost first 4 monthly MST samples due to

~Disposable gloves
~100%, 200 proof ethanol for sterilizing forceps
~70% ethanol for cleaning counter tops

Wear disposable gloves at all fimes. Gloves must be changed between samples to
prevent cross-contamination. If gloves are soiled, doff the soiled gloves and don a fresh

L L
a o rato r I tratl 0 n e rro r I eseh souionm spmy otie
Instructions:
ill out the table on last page and submit with your samples. Without the
™ ™ information requested on the last page, Source Molecular's lab will not be able to
QAPP addendum and lab training
pair immediately. Ensure work surfaces are sterilized by wiping down with a 10%
bieach solution followed by 70% ethanol.
L
1. Assemble the vacuum manifold system. Vacuum manifold should be connected to
y v I — the waste sidearm flask/bottie which is connected to the vacuum source by a hose.
Obtain a sterile Pall MicroFunnel filter funnel (300mL capacity) for each sample,
remave from packaging and position on top of the vacuum manifold, press down

firmly so the funne! is snug. The MicroFunnels already include the membrane filter
and are ready for waler to be poured in.

Missed Feb event due to snow, added April monthly - serem e e
event

~

w

ompleted all 7 events (4 base and 3 storm) sourse T coEmE

filter funnel base, use the sterile forceps fo fold it in half and then into a cylinder with
the top side facing inward, being careful to handle the membrane only on the edges,
where it has not been exposed to the sample. Insert the rolled membrane into the
labeled bead tube, place the forceps back into the ethanol and close the tube

an to using the flame-sterilization method, pre-sterile,
individually packaged, disposable forceps may be used. Use one per sample
and throw away.

ompleted fecal source validation
PCR results by May 6, 2019
ommunity-based NGS results by June 16, 2019

inal report by June 30, 2019 to include upland
source control actions and MST study protocols for =EiEkaimaE.

Clean Up:
o Leftover samples and filtrate in the waste flask may be poured down the drain
and botties disposed of in the trash
100% ethanol may be poured down the drain with running water
Squirt a littie bit of 70% ethanol down the manifold cups
Rinse the waste bottle well with water and 70% ethanol, store in a separate
bag/box from other materials
o Wipe down counter with 10% bleach followed by 70% ethanol

Flame-sterilizing forceps

Keep the forceps upright in a beaker with roughly 2 inches of 100% ethanol so
that the lower stainless steel portion is covered. Remove both forceps and swipe
over a flame to burn the ethanol. The forceps are now sterile and ready for use.

Notes:
* DO NOT place forceps down on any surfaces in order to keep them sterile.

* DO NOT place forceps back into the ethanol beaker immediately after flaming
since the hot forceps may ignite the ethanol. Wait at least 20 sec

* Keep ethanol beaker an arms length away from the flame source at all times
while working and other ethanol stock materials in a separate room if possible.

* Execute caution when using fire around flammable materials like ethanol. A fire
is always a possibility. The nearest fire-hydrant should be located before
beginning

10. Ensure all tubes are labeled with the Client’'s name, sample D, the date and volume
filtered. Document this in the table below.

coo
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Molscular
4585 SW 74t Court, Miami, FL S3155 S
Tok: (1) 788-220-8575 Fax: (1) T8G-513-2753

Emalt: Intogsourcsmolscular com

Molecular
tle.

é? Source IF
sef

~

With the manifold stopcocks in the closed position, pour water 100 mL of sample
into funnel and make note of the volume added_

@

Open the stopcocks and allow the entire sample to fiiter through

L

Before adding more water to the funnel, turn off the vacuum and close the
stopcock in order to accurately measure the volume added. If the water filiered
through fairly quickly (in less than ~20 minutes), add more water. 200 mL_ of water
should be filtered per sample.

o [f the membrane becomes clogged before filtering 200mL and after about 20-30
minutes with stopcock open, continue filtering through a second membrane by
doing the following

A. Record the volume of waler that passed through the filter.
B. Pour water remaining in filter funne! back into sample container.
C. Transfer the filter membrane to a provided bead tube by following steps

o

Label the bead tube (with Fine point permanent marker) as membrane *1
of 2° along with the unique sample ID and volume fitered

Obtain a new filter funnel and continue filtering that sample. Aim to filter
a combined total volume of 200mL. Use a maximum of 2 membranes,
even if a total volume of 200mL cannot be oblained.

Transfer the second filter membrane to a bead tube by following steps

m

n

19
o Waters foo turbid to be filtered should be spun down with an ultracentrifuge at
'2500-3000 rpm for a few minutes to pelletize the solid particles. This is not
recommended however and should only be used as a last resort since it may
result in a loss of bacteria adhering to the suspended particles.

~

Tum off vacuum, tum the stopcock to closed position, remove the funnel cylinder
from the base by gently squeezing the funnel cylinder and lifting up. The base and
funne! should detach. Place the funnel along with lid upside down on the counter so
10 not contaminate the bottom that comes into contact with the base

®

Open the pre-labelled bead tube and place the cap upside down on a clean area of
the counter. Keep the open bead tube on the fube rack or in a microtube box while
You perform the next step.

©

Flame-sterilize two forceps (see below instructions). While the membrane is on the

meven 10 Sourcs Molecuar Corporation

Enecie Date 565 5w 7 Cour, Miam, P S9155 USA

a2 Tek: {1) 786-220-0373 Fax: {1) TBE-513-2733

Molecular Emalt: Imo@sourcemoiscular som
Company Name Contact Name:

Company Address Filterer's name:
Company Phone: Filtersr's Signature:

Filt bmitted to Source Molecular

Sample 1D Total Volume | # of fiters for | Date Tme
Fitered (mL) | this sample | Fittered Fitered




MST Demonstration Project

Fecal Validation Resuits

e PCR analysis of 82 fecal
source samples for target and
non-target sources

 Objectives for at least 80%
sensitivity (true positive) and
80% selectivity (true negative)

e Selectivity low for Horse and

Bird, increasing if include DNQ
as positive

e Sensitivity high for all markers,
indicating low false positives

&
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Human
Cow M2
Cow M3
Horse
Ruminant
Pig
Dog

(% true positive)

n Quantify Present
11 91% 91%
10 90% 100%
10 80% 80%
10 50% 90%
31 87% 94%

5 100% 100%

11

91%

57%

91%
71%

n
71

61
61
61
40
66
60

Selectivity

(% true negative)

Quantify
100%

100%
100%
100%
100%
100%
100%
96%

Present
100%

100%
100%
96%
100%
100%
100%
89%




Lake Septic Detection Projects
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Lake Whatcom in 2017

Lake Tapps in 2018 and 2019
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» Baker-Snoqualmie

Sldpey
Port Rsnfrew
Vicgoria
Neah Bay

Ozette
Port Angeles
o

aSequim

Olympic
National Park

Olympic
National Forest

s National Forest
9

Ana cortes.  Sedro-Woolley
8 o
Burlingtone

o
Mt Vernon

Dak Fiarbor
5]

Marysville
o

Whidbey  Everett
Island K

Tacgma

Ocean uS hares Elma
o
sAberdeen
Westport

Google

Olyrppla

Puygll“p

5

Mt Rainier
National Park




Lake Septic Detection Projects

Lake Whatcom Conditions

 Bellingham water supply and TMDLs
 North Shore Subbasin (3 shore miles)
e Shallow soil over bedrock

e Steep slopes/high rainfall

e 96 0SS with 50% built before 1990
and 40% failed inspections

« Sewer extension requires proof that
0SS present environmental and |
public health risk \

e TMDL requires 86% reduction of |
stormwater TP load ($millions) and -

& e
o,,,‘.:bw i
F %,

only OSS maintenance (status quo) __.. "

S ’ F
. o \l.!.
Y 7
1
) 7
| AT A -
— - o
[ . v e L) iy
o s
3 i g o1 I
= o § &
- R
OQles
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Lake Septic Detection Projects

Lake Whatcom Study Parameters
Field Equipment:

e Optical brightener fluorometer (Turner
Designs Cyclops/Databank)

e Conductivity/multimeter (YSI)

e Peristaltic pump for lab samples
Lab Parameters:

 Fecal coliform/E. coli bacteria

e Total phosphorus

 Chloride/bromide

 Microbial Source Tracking (MST) using
two human Bacteroidetes methods by
digital quantitative polymerase chain

@ reaction (qQPCR)

HERRERA




Storm Hydrograph

Lake Septic Detection Projects
Lake Whatcom Study Design

Bankfull discharge

* Target winter wet weather with high R Faing s
infiltration and high water table for
maximum transport potential | ekt

Discharge in cumecs

Rair_wfall (m_rn}

e Survey shoreline by boat to access
groundwater seeps and outfalls without
needing public access

e Conducted 3 boat shoreline surveys
during winter wet weather:

1. 1/19/17 (2.2 inch 48-hr rain)

2. 3/15/17 (0.9 inch 48-hr rain)

3. 3/29/17 (1.9 inch 48-hr rain) vt ¥ s
: -"ll|q‘

Ground water movement = ¢y e ATFD'SOIL

HERRERA

Contaminants move




Lake Septic Detection Projects
Lake Whatcom Study Design

Continuously log OB/YSI/GPS in
lake and observed discharges

Use OB to detect hot spots in lake
and ~20 discharges to lake

Pump sample at lake background
sites first and OSS site last

Survey 1 collected 23 fecal bacteria
samples at hot spots

Surveys 2 and 3 collected 18 fecal
bacteria sample at hot spots and test
15 samples for TP, Cl/Br, and

2 human qPCR markers

HERRERA




La ke septic Detection PrOjects HUMAN FECAL SCORE FOR SITE RANKING
Lake Whatcom MST Method

e Method comparison study using 27 labs:

] ssseese
£1 ocessessee®
81 (I LI LN Y]
- eoeeORsOeROROS
c-o0oo0000OROOeS®

o000 OROOROROS

e Human dorei marker has high
sensitivity, low false negatives

o\

L) I I T
100 75 50 256 O

e Human EPA marker has high
Selectivity’ IOW false pOSitiveS Polluted Customized Field Sampling All gPCR Data Human Fecal Score

Sites and gPCR Solutions Included \opicy per 1 0RmL 95 A

 Source Molecular analysis of data
showed 85% of samples had B. dorei
detected at or above B. EPA

 Digital gPCR increases sensitivity by
amplifying multiple droplets versus one
aliquot by standard qPCR

e Each sample analyzed in duplicate and
re-analyzed if COV exceeds 30%

&
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Lake Septic Detection Projects @J
Lake Whatcom Water Quality Results

Lake Background < Lake Impact Sites < Discharge <<< 0SS

e o e e m

Optical brighteners (RFUB median) 660*
Total phosphorus (mg/L median) <0.008 0.021 0.054 10.3
Fecal coliform (CFU/100 mL geomean) 3 10 36 2,470,000
Human dorei (copies/100 mL geomean) 1.4 3.7 8.4 1,230
Human EPA (copies/100 mL geomean) 0 0 4.6 88,100
OB correlated . - B
with FC and TP ] )
FC not correlated | £ : . :
with human DNA | . . & & w  m w oml e e wm ww s
Optical Brighteners (RFUB) Optical Brighteners (RFUB)
« Discharge « Lake « Discharge -« Lake




Lake Septic Detection Projects

Lake Whatcom 0SS Detections

Low

’ Y Smith
~ Creek

AR ARHE—

Concentration (Events 2 and 3)
A= B. dorel
B=B.EPA

-uumnnlmnem:mu

Low Human (detected at <3
coplies/100 mL)

Moderate Human (3-300
copies/100 mL)

- High Human (>300
copies,/100 mL)

I v ootes

IR A T80 T ! T T TN

[ A

e Moderate




Lake Septic Detection Projects
Lake Whatcom Study Follow-up Actions

e Health Department inspected
high human locations in June
2017 and found no problems

 Preliminary TP loading
analysis indicates 0SS are low
source of phosphorus to lake

e Plans for study redesign and
replication next wet season

&
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OSS Vicinity of Lake Tapps

Lake Septic Detection Projects
Lake Tapps Conditions

« (Cascade Water Alliance from PGE
hydropower for future water supply

e Reduced White River turbid inflows
and winter drawdowns

e QOccasional toxic algae blooms

 Highest density and oldest OSS in
northwest area

e Northwest shoreline survey by Health

-
-
-1 & 00
[ 174 wite Bufter

Dept. in March 2005 found 22 of 23
outfalls were dry iR
9O foot drawdown for 18 days in January S

0 025 05 1mies B Y44
1 1 1 g

/‘ 2018 for dam repair prompted —— a Gry 3t
@ I nveSt I gat I 0 n L :;Eﬁé?ﬁ%ﬂf?t Er%—l;feséeptic Systems in the Vicinity of Lake Tapps.
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Lake Septic Detection Projects
Lake Tapps Study Methods

1 boat survey along 8 miles shore in
winter wet weather (Jan 18, 2018)

Continuously log OB and positions
at shore (0) and in discharges (@)

Sample 2 outfalls of concern on
Island A and 1 lake background site

Use OB to detect 1 hot spot in lake
and 8 of 13 drainages to NW lake

Analyze samples for EC, FC, TP, and 2
human biomarkers (dorei/EPA)

&
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LakeiTapps|Rark

Legend

O Field test locations
@ Discharge sample
©  Discharge not sampled

B Lake sample

Depth (ft)
1-20
21-40
P 460
B 510
I =0

Figure 4.
Sample Stations for the Lake Tapps
Septic Survey Project in January 2018.




Lake Septic Detection Projects
Lake Tapps 0SS Detections

2018 Human 1+2 Biomarker Totals:

5 Not Detected (including lake bkgd)

3 Low (detected 3 - 10,000 copies/100 mL)
e 2 (10,000 - 100,000)

1 High (> 100,000 copies/100 mL)

Repeat sampling on January 23, 2019 at:

8 moderate-high human or FC discharges
e 2 locations upstream of moderate-high

e 10SS

&
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| Driftwood
PointiPark:

Legend
Depth (ft)
1-20
[ 21.40
P 4160
B 5:-30
—

(O Discharge station
O Lake station

Human Marker Rating
@ Not Detected

@ Low

Moderate

@ High

Figure 9.
Human Marker Ratings for the Lake
Tapps Septic Survey on January 18, 2018.

@ 0 750 1,500 3000
T T N oot

@HERRERA

USDA, Aerial {2015)
_Humean_l

latter, e




Lake Septic Detection Projects
Lake Tapps 0SS Verification

2019 (A) Human 1 Biomarker (dorei):
e Detected in all 11 samples

e 7 Low (detected <10,000)

e 3 (10,000 - 100,000
includes 0SS)

1 High (> 100,000 copies/100 mL)

—

Preparing 2019 report recommending
0SS source investigation by Health
Dept. in two areas (_ ') of Driftwood
Point draining to Sites 3 and 7

Driftwood
PointiPark:
\Boatillaunch

Legend Figure 9.
m (O Discharge station Human Marker Ratings for the Lake
epth (ft O Ceiesiiich Tapps Septic Survey on January 18, 2018.
1-20
; 91.-40 Human Marker Rating
@®  Nat Detected @ 0 750 1500 3000
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