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Lindsay Creek Watershed 
Data Locations 

 

Websites 
 

Nez Perce Soil and Water Conservation District 
http://www.nezperceswcd.org/Watersheds/Clearwater-River/Lindsay-Creek 
 
Idaho Department of Environmental Quality 
 https://www.deq.idaho.gov/water-quality/regional-water-quality-plans-and-reports// 
 
Nez Perce Tribe Department of Water Resources 
https://www.nptwaterresources.org/nitrate-project-page 

 
Inside Idaho 
http://inside.uidaho.edu/ 
 
Hosts spatial datasets generated for the inventory and assessment effort, including GIS 
shapefiles as well as KMZ formatted files for use with Google Earth. 
 
 

StreamNet 
https://www.streamnet.org/ 
 
Streamnet houses stream temperature monitoring data (2003 to 2017), with raw data 
spreadsheets, maps, and reports available for download.   
 
 

For More Information 
 

Nez Perce Soil & Water Conservation District 
npswcd@co.nezperce.id.us 
208.843.2931 
 

 
Information in this handout was compiled by NPSWCD for the 2026 Lindsay 
Creek Watershed Coordination Meeting.
 
 
 
 
 

http://www.nezperceswcd.org/Watersheds/Clearwater-River/Lindsay-Creek
http://nptwaterresources.org/lapwai-creek-watershed/
https://www.nptwaterresources.org/nitrate-project-page
http://inside.uidaho.edu/
https://www.streamnet.org/
mailto:npswcd@co.nezperce.id.us
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Lindsay Creek 
 Assessment Products 

 
 

Several assessment and monitoring products have been developed for the 
Linday Creek watershed.    
 
 

Spatial Products 
• GIS layers – shapefiles of analysis parameters (Inside Idaho) 

• KMZ files – for use in Google Earth (Inside Idaho) 

Nez Perce Soil & Water Conservation District 
 

• Lindsay Creek Farming Practices Survey – 2002 (Link) 

• Lindsay Creek Plant Protection Products Report – 2002 (Unpublished) 

• Lindsay Creek Stream Inventory and Assessment Data Summary Report 

(2012-2015) (Link) 

• Lindsay Creek Watershed Resource Assessment – Nez Perce County, 

Idaho – October 2001 (Unpublished) 

• Lindsay Creek Water Quality Improvement Project Grant S472 Final Report 

– January 2016 (Link) 

• Lindsay Creek Monitoring Data Summary (2013-2015) (Link) 

• Lindsay Creek Erosion Assessment Using WEPP – September 2014 (Link) 

• Lindsay Creek Stream Temperature Data Summary (2000-2010) (Link). 

• Nez Perce County Resource Atlas Version 2 – 2016 (Link) 

• Lindsay Creek Road Inventory and Assessment – December 2015 (Link) 

• Confined Animal Feeding Operations Inventory and Analysis (1999) (Link) 
 

Idaho Association of Soil Conservation Districts 
• LINDSAY CREEK MONITORING REPORT – 2002 (LINK) 

 

 

Idaho Soil and Water Conservation Commission 
• Lindsay Creek Watershed Review – Implementation Plan for Agriculture.  

January 2020 (Link) 
 

 

•%09http:/www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=3824&ModuleId=6863&TabId=1532
http://www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=3862&ModuleId=6863&TabId=1532
http://www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=3865&ModuleId=6863&TabId=1532
http://www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=3854&ModuleId=6863&TabId=1532
http://www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=3840&ModuleId=6863&TabId=1532
http://www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=3845&ModuleId=6863&TabId=1532
http://www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=3893&ModuleId=6863&TabId=1532
http://www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=3855&ModuleId=6863&TabId=1532
http://www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=10113&ModuleId=6863&TabId=1532
http://www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=3856&ModuleId=6863&TabId=1532
https://www2.deq.idaho.gov/admin/LEIA/api/document/download/15709
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Idaho Department of Environmental Quality 
• Lindsay Creek Water Quality Status Report – 1977 (Link) 

 

• Lindsay Creek Monitoring Report – Water Years 2021-2023 – (Link) 

• Lindsay Creek Nitrate Priority Area – Ground Water Quality Management 

Plan – December 2009 (Link) 

• Lindsay Creek Watershed Assessment and Total Maximum Daily Loads 

(2007) (Link) 

• An Evaluation of Septic Effluent Presence and Spatial Distribution in 

Lindsay Creek Watershed (2019) (Link) 

• Ground Water and Surface Water Nitrate Patterns in the Lewiston Basin 

(Nez Perce County, Idaho)  (1976-2018) – (Link) 

• An Evaluation of Nitrogen Sources Contributing to Surface Water and 

Groundwater Nitrate Contamination in the Lindsay Creek Watershed (Nez 

Perce County, Idaho)   (June 2024)  - (Link)  

• Lindsay Creek and Lapwai Creek NPA Sampling.  Presentation by 

Leighann Conniff, IDEQ  (2024) – (Link) 

• Lindsay Creek Surface Water Quality Monitoring Report: 2018- (Link) 

 

University of Idaho 
• Nutrient and Bacteria Management within the Lindsay Creek watershed in 

Nez Perce County, Idaho.  (May 2024) (Link) 

• Lindsay Creek GIS Story Book (March 2020) (Link) 
 

United States Geological Survey (USGS) 
• Monitoring Location Lindsay Creek Tributary NO1 NR Lewiston, Idaho – 

USGS – 13343020 (Link) 

• Monitoring Location Lindsay Creek Tributary NO2 NR Lewiston, Idaho – 

USGS – 13343040 (Link) 

 

Idaho State Department of Agriculture 
 

• Regional Ground Water Quality Monitoring Results for Idaho, Lewis, and 

Nez Perce Counties, Idaho (2001-2007) (Link) 

http://www.nezperceswcd.org/Portals/29/DocumentLibrary/Publications/Lindsay%20Creek%20Water%20Quality%20Status%20Report%20-%201977.pdf?ver=2019-07-30-083651-033
http://www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=19038&ModuleId=6863&TabId=1532
http://www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=3846&ModuleId=6863&TabId=1532
http://www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=15619&ModuleId=6863&TabId=1532
https://www.researchgate.net/figure/Lindsay-Creek-watershed-and-administrative-boundaries_fig1_330837240
http://www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=19031&ModuleId=6863&TabId=1532
http://www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=19036&ModuleId=6863&TabId=1532
http://www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=19037&ModuleId=6863&TabId=1532
http://www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=19039&ModuleId=6863&TabId=1532
https://verso.uidaho.edu/esploro/outputs/graduate/Nutrient-and-Bacteria-Management-within-the/996671648901851
https://storymaps.arcgis.com/stories/6988f8f5509c489b8b0a7943f108fdbe
https://waterdata.usgs.gov/monitoring-location/USGS-13343020/#showFieldMeasurements=false
https://waterdata.usgs.gov/monitoring-location/USGS-13343040/#showFieldMeasurements=false
http://www.nezperceswcd.org/API/Evotiva-UserFiles/FileActionsServices/DownloadFile?ItemId=19040&ModuleId=6863&TabId=1532
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Lindsay Creek 

Water Quality Monitoring - Review of Available Literature – 10/14/2025 - Amended 

 

Date Key Findings  Agency Reference 
# 

Page # 

19771 Two minor point sources were identified as discharging to Lindsay Creek. Nonpoint sources 
with major effects on stream quality included agricultural runoff, livestock feeding and 
grazing, and individual sewage disposal systems. Elevated fecal coliform concentrations were 
likely caused by septic tanks and drain fields located along the lower mile of the creek. 

Department of 
Health and 
Welfare, Boise, 
Idaho 

1 1 

20022 Nitrate (NO3) + nitrite (NO2) concentrations in Lindsay Creek were reported as extremely 
high. Site LZ-2, which parallels Lapwai Creek Road, was a major contributor with NO3+NO2 
values averaging just below 6 mg/L.  These concentrations suggest that septic systems could 
be failing in this area  (page 2).  All monitoring stations identified nitrates and bacteria as the 
most serious water quality issues concerns.  Upstream locations also contributed significant 
bacteria and nitrate loads.  E.coli concentrations ranged from 5,000 to 16,000 cfu/100 mL 
(very high) (Table 1).  Septic systems and livestock were identified as primary sources of  
bacteria (page 17). 

Idaho Association 
of Soil 
Conservation 
Districts 

2 2, 8, 
14, 17 

20073 Nitrate load reductions for nitrate needed during the year, ranging from 45% (June) to 72% 
(January).   Data were based on 2001-2002 monitoring. Isotope analysis was conducted to 
determine  source contributions.  Human and animal waste sources were both identified 
(See Table, page 36).  E. coli reductions of 240 cfu/100 ml (a 66% reduction) were required 
to meet water quality targets.  Pollutant sources include livestock, human waste, and  
agriculture. Monitoring data tables begin on page 89. 

Idaho Department 
of Environmental 
Quality 

3 XVI, 
36, 59, 
60 

20074 Regional groundwater monitoring (2001-2007) indicated nitrate contamination extending 
from Lewiston eastward to Lapwai.  Data on page 6. 

Idaho State 
Department of 
Agriculture 

4 3,6  

 
1 Department of Health and Welfare.  Water Quality Status Report.  Lindsay Creek (Nez Perce County) 1976-1977.  August 1978.  Report No. WQ-34.   
2 Idaho Association of Soil Conservation Districts.  Myler, Cary.  Lindsay Creek Monitoring Report 2002.  June 11, 2002. 
3 Idaho Department of Environmental Quality.  Lindsay Creek Watershed Assessment and Total Maximum Daily Loads.  December 2006.  Revised May 2007. 
4 Idaho State Department of Agriculture.  Carlson, Rick.  Regional Ground Water Quality Monitoring Results for Idaho, Lewis, and Nez Perce Counties, Idaho 2001-2007.  February 
2007. 
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20195 A study evaluated caffeine and artificial sweetener as tracers to determine septic system 
influence on water quality.  Approximately 800 parcels in the watershed were identified with 
on-site septic systems, representing a potential nitrate source.  Artificial sweeteners were 
detected downstream of areas with high septic density but absent in areas without 
suspected septic inputs, confirming their reliability as indicators of septic influence.   
Caffeine presence indicated poorly functioning septic systems, as properly functioning 
systems remove caffeine.  Caffeine and sweetener detections downstream of known septic 
failure areas suggest effluent contributions to both surface and groundwater, including the 
Saddle Mountains Aquifer.  Nitrate concentrates of 7.1 to 10.3 mg N/L were observed where 
septic indicators were present, compared to < 1.14 mg N/L in unaffected area.  The study 
concluded that septic effluent contributes significantly to elevated nitrate concentrations in 
Lindsay Creek and the associated aquifer.   

Idaho Department 
of Environmental 
Quality 

5 vi 

20236 Monitoring conducted from 2021–2023 indicated that the average nitrogen (N) load in 
Lindsay Creek was approximately 2.5 times higher than the N load estimated from septic 
system discharges. Septic systems were estimated to contribute 27,912 pounds of nitrogen 
per year to the watershed. 

Idaho Department 
of Environmental 
Quality. 

6 Vii, 15 

 

 
5 Idaho Department of Environmental Quality.  An Evaluation of Septic Effluent Presence and Spatial Distribution in the Lindsay Creek Watershed.  January 2019. 
6 Idaho Department of Environmental Quality.  Lindsay Creek Monitoring Report for Water Years 2021-2023.  March 2024. 

Disclaimer 

This literature review is provided for educational and informational purposes only. The summaries and data presented herein are based 
on publicly available reports and publications from various agencies. This document does not constitute a regulatory determination, 
compliance assessment, or official water quality evaluation. 

Users are responsible for verifying the accuracy, completeness, and applicability of all referenced data before using it for planning, 
regulatory, or project purposes. Independent review of the original source materials is strongly recommended. 

 



























































































































































Idaho State Department of Agriculture
Division of Agricultural Resources

Regional Ground Water Quality

Monitoring Results for
Idaho, Lewis, and Nez Perce Counties, Idaho

2001-2007

Rick Carlson

Jessica Atlakson

ISDA Teclinical Results Summaiy # 37

'Idaho Stato

Department of|
Aaricuiture

Februaiy 2007

Introduction

The Idaho State Department of
Agriculture (ISDA) developed the
Regional Agricultural Ground Water

Quality Monitoring Program to

characterize degradation of ground
water quality by contaminants leaching
from agricultural sources. The

objectives of the program are to: (1)
characterize ground water quality
related primarily to nitrate and

pesticides, (2) determine if legal
pesticide use contributes to aquifer
degradation, (3) relate data to

agricultural land use practices, and (4)

provide data to support Best
Management Practices (BMP) and/or
regulatory decision making and
evaluation processes. ISDA currently
is implementing 13 regional ground
water quality monitoring projects in
Idaho. Additional projects currently
are being planned for otlier areas of
the state.

This ISDA Regional Ground Water
Monitoring Project in Idaho, Lewis
and Nez Perce Counties (Figure I) was
initiated in 2001 as a result of comple
tion of the Idaho Ground Water Qual
ity Plan and Agricultural Ground Wa

ter Quality Protection Program for
Idaho. In part, these documents man

date regional-scale monitoring of aqui
fers in the state that may be vulnerable
to agricultural activities. Additionally,
prior testing by the Idaho Department
of Environmental Quality found 20
percent of 55 wells tested across the
Camas Prairie exceeded the Environ

mental Protection Agency (EPA)
Maximum Contaminant Level (MCL)

for nitrate of 10 milligrams per liter
(mg/L) (Bentz, 1998). Also, previous
ground water monitoring by the Idaho
Department of Water Resources found

a well in Nez Perce County that ex
ceeded the EPA MCL for nitrate

(Neely and Crockett, 1999).

Nutrients, common ions, stable iso

topes, field parameters, and pesticides

have been and are cun'ently being

evaluated to deteiTnine impacts to

ground water and locate potential
sources. Laboratory results from test

ing in 2001 through 2007 indicate ar
eas showing water quality degradation

from nitrate and to a lesser extent pes

ticides. Multiple wells in an area be
tween the towns of Cottonwood and

Nez Perce and south of Lewiston have

DAorsnak Reservoir

Lewsto

C^nty
LCtvlS

County

Kemah

coskia

ezPe

ttoiissood

Coun

20 Miles

Figure 1. Location of ISDA Regional Ground Water Monitoring Project in Idaho,
Lewis, and Nez Perce Counties.
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had detections above the EPA MCL

for nitrate at sometime during the 2001
to 2007 testing. Also, several wells

within the project area have tested
positive for pesticides. Of the wells

testing positive for pesticides, two well
sites have had concentration levels that

warrant continued evaluation. One site

is located approximately six miles
southeast of Lewiston and has had de

tections of atrazine and atrazine break

down products with concentrations

above half the EPA MCL of 3 parts
per billion. The other location, which
is approximately six miles east of Fer
dinand, has had detections of the pesti
cide compound triallate that exceed

drinking water levels established by

the U. S. Food Quality Protection Act.

Methods

To establish this project, ISDA staff

developed a project boundary based on

known aquifer characteristics and

agricultural landuse mapping obtained
from the University of Idaho INSIDE

Idaho website (University of Idalio,

1997). ISDA staff then statistically

assessed Idaho Department of Water

Resources Statewide Program nitrate,

chloride, and atrazine monitoring data.
ISDA statistically deteiTnined that

sampling 71 randomly selected

domestic wells would provide ade
quate data to evaluate overall ground

water quality underlying the area. All
sampling was conducted after a quality
assurance project plan (QAPP) was
developed and approved. PeiTnission
was gained from the home owners

prior to sampling.

Water samples have been collected
annually in the summer from 2001 to

2007. All sample collections followed

established ISDA protocols (on file at
ISDA main office) for handling, stor
age, and shipping. Testing of com

mon ions was completed at the Univer
sity of Idaho Analytical Sciences
Laboratory (UIASL) in Moscow.
Tests included nitrate, nitrite, ammo

nia, orthophosphorous, chloride, sul-
fate, bromide, and fluoride using EPA

Methods 300.0 and 350.1. Duplicates
and blank samples were collected and

submitted as a part of the QAPP.

In 2001, 2004, and 2007 samples were

sent to UIASL for pesticide analysis.
Duplicates, blanks, and matrix spikes/
matrix spike duplicates were collected

and submitted as a part of the QAPP.

Due to a relatively high concentra
tions of atrazine and desethyl atiazine
found at one well south of Lewiston, a

localized project was initiated and
monitoring of wells in the area is on
going. More information on detections
from this monitoring study can be
found on the ISDA website at http://

www, agri. idaho.gov/Categories/

Environment/water/gwpcsticides.php.

From 2002 through 2005, samples
were collected from selected wells for

nitrogen isotope analysis following
ISDA protocols. Samples were frozen

and shipped via Federal Express one-

day service to North Carolina State

University (NCSU) Stable Isotopes
Laboratory in Raleigh, North Carolina

and the University of Idaho Stable Iso

topes Laboratoiy in Moscow, Idaho.

Description of Project Area

The regional monitoring project area
includes portions of Idaho, Lewis, and
Nez Perce County (Figure 1). The

project covers approximately 950

square miles of agricultural lands that
are bounded to the north and cast by
the Clearwater River and to the west

and south by forested non-agricultural
lands. Also included within the bound

ary of the study area is a large portion
of the Nez Perce Indian Reseiwation.

The reservation boundary encompasses

the central and northern portions of the

regional project boundary.

The dominant agricultural practice

within the area is dry land farming.

Major crops in the area include wheat,
barley, beans, oats, peas, and alfalfa

(Idaho Agricultural Statistics Service,
2006). Additionally, mrfgrasses are

grown for seed. Some small dairies

and livestock operations also are lo

cated in the area. Nitrogen from com
mercial fertilizers, residue from leg

ume crops, septic system effluent, and

animal waste provide the greatest po
tential source of nitrate contamination

to ground water in the study area.

Ground water underlying the area is
primarily used for human consumption
by municipalities and private farm

steads. The majority of wells evalu

ated within the regional ground water

study draw ground water from inter-
beds of Columbia River basalts that

underlie the area (Bentz, 1998). A few
wells are located in localized alluvial

aquifers, shallow springs, and granitic
medium sources. Based on well drill

ers' reports from domestic wells in the
project area, average static water levels

range from 20 to 403 feet below land

surface (Table 1).

Table 1. Well information.

Well

Depth

(feet)

Wells

Average
Static Wa

ter Level

(Feet)

Ranges of
Static Wa

ter Levels

(Feet)

< 100 8 20 +0 to 44

100 to

<200
14 45 +0 to 95

200 to

<300
13 131 51 to 196

300 to

<400
19 169 +0 to 300

400 to

<500
8 245 25 to 370

500

and

above

9 403 12 to 580

Major sources of recharge to the un

derlying ground water system are pre

cipitation and surface water leakage
(Bentz, 1998). Ground water flow di

rections in the study area appear to be
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variable and in general towards the
larger streams and rivers in the region.

Results

The following section provides a sum
mary of nitrate, pesticide, and stable
isotope testing from 2001 through
2007. Other water quality data (e.g.,
sulfate, ammonia, chloride) not pre
sented in this report is available on the
ISDA website at h 11 p : //

www.agri.idaho.gov/Categories/

Environment/water/gwinorganics.php.

Nitrate

Of the constituents being sampled,
nitrate presents a concern because of
potential adverse health effects. Al

though chronic, long teimi health irsks
of nitrate consumption are not fully
understood; short term effects have

been documented. Methemoglobine-
mia (blue baby syndrome), which is

characterized by the reduced ability of
tlie blood to carry oxygen in infants,

can afflict infants consuming water
with high levels of nitrate (Parliman,
2000). Consumption of large concen
trations of nitrate also may be associ

ated with non-Hodgkins lymphoma
(Parliman, 2000).

Results of ground water sampling in
the project area from 2001 to 2007

indicate nitrate problems in an area
between the towns of Cottonwood and

Nez Perce and to a lesser extent from

Lewiston to east of Lapwai. Figure 2
illustrates niti^ate concentrations found

in ground water underlying the area in
2007. Based on evaluation of 67 wells

consistently sampled over the seven-

year period of ISDA testing, six to 10

percent of wells exceeded the EPA
MCL of 10 mg/L for any given year
(Table 2). Maximum concentrations

per year ranged from 29 mg/L to 47
mg/L. These maximum concentrations

occured consistently at a well approxi

mately seven miles northeast of Cot
tonwood.

Evaluation of mean values from the 67

wells consecutively sampled from
2001 to 2007 and shown in Table 2

suggest that levels appear to be some

what constant or slightly increasing
(Figure 3). Mean concentrations
ranged from a low of 3.1 mg/L in 2001

to 3.7 mg/L in botli 2003 and 2006.

Median concentrations suggest no
trend with a median of 1.3 mg/L cal

culated for five of the seven years of
testing (Table 2). The highest median
(1.9 mg/L) was calculated from moni

toring data collected from the 2003
sampling event (Table 2).

In general, ground water quality with
respect to nitrate appears to be de
graded in two loosely defined areas.
The first and apparently most degraded
area occurs between the towns of Nez

Perce and Cottonwood. Three detec-

j o

NLewisto# Otapwai

W<U3'.V •SJNiilE

Craigmont

Nez PerceI /i'• 'l I)
NOaW-'i—- I' . i • i

■ -TVJM.V

'MjS'.V
V •.'2N':5',V I

ottonwoo^
o

Well location with Nitrate Concentration (mg/L)

O Below LDL
- 31K05&

LDL ■ <2.00

2.00-<5-00

6 Mi es
Gi^'nqevil5.00-<10.00

10 or above

Figure 2. Map of wells locations and ground water nitrate concentration ranges from sampling in 2007.
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Table!. Statistical summary of nitrate detections in ground water from 67 domestic wells tested from 2001 through 2007.

Statistical cateqorv 2001 T 2a02i: : - 2003 2004 2005 2006 2007

Number of Wells 67 67 67 67 67 67 67

<LDL' (0.05) 13(19%) 18 (27%) 18(27%) 15(22%) 17(25%) 14(21%) 13(19%)

LDL to <2.0 25 (37%) 19(28%) 16 (24%) 22 (33%) 22 (33%) 22 (33%) 26 (39%)

2.0 to <5.0 19(28%) 18(27%) 17 (25%) 16(24%) 17(25%) 14(21%) 12(18%)
5.0 to <10 5 (7%) 7(10%) 11 (16%) 8(12%) 6 (9%) 10(15%) 12(18%)

>/=10 5 (7%) 5 (7%) 5 (7%) 6 (9%) 5 (7%) 7(10%) 4 (6 %)

Ivlean Nitrate (mq/L) 3.1 3.2 3.7 3.3 3.4 3.7 3.3

\/ledian Nitrate (mq/L) 1.3 1.5 1.9 1.3 1.3 1.3 1.3

Hlqh Nitrate (mq/L) 29 38 47 41 39 39 39

LDL - Laboratory detection limit.

4

3.5

3

2.5

1

0.5

0

2001

Mean

Median

2002 2003 2004 2005

Date (years)

2006 2007

Figure 3. Plot of mean and median nitrate concentrations found in regional ground water based on 67 randomly selected wells tested
consecutively from 2001 to 2007.

tions in 2007 exceeded the EPA MCL

within this area (Figure 2), Elevated
detections also occur within an area

beginning approximately six miles
south of Lewiston and extending
northeast towards Lapwai. One detec

tion exceeding the MCL south of
Lewiston was detected in 2007 (Figure
2).

Pesticides

During 2001,2004, and 2007, ISDA

conducted pesticide sampling in all
wells that were part of the project dur
ing that year. Additionally, ISDA has

conducted one or more follow-up test

ing events at wells having a positive
pesticide detection. Pesticide com

pounds detected include: atrazine,

dcsthyl atrazine (DEA), deisopropyl
atrazine (DIA), bromacil, dacthal, di-

uron, metribuzin, picloram, and trial-

late. ISDA plans to do another full

round of pesticide testing in 2010 for

all wells in the project.

Although tlicre have been a number of

locations with positive detections,
only two sites have had detections
with concentration levels that warrant

concern (Figure 4). One well located
approximately six miles south of
Lewiston had detections of atrazine at

1.5 micrograms per liter (pg/L) and

desethyl atrazine at 1.8 pg/L in 2001
(Figure 4a). These concentration lev
els are at 50 percent and 60 percent of

the health standard of 3 pg/L used by
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Figure 4. Maps showing well locations and pesticide detections from ISDA testing in (a) 2001, (b) 2004, and (c) 2007.

ISDA, respectively. The atrazine and
DEA detections at this well also were

elevated during the 2004 and 2007

sampling events. The other site is ap
proximately six miles east of the town
of Ferdinand. The well water at this

site tested at 0.56 ug/L in 2001 and

0.73 fig/L for triallate in 2007 (Figures
4a and 4c). These concentration levels

exceed the 0.45 pg/L health standard

used by ISDA for this compound as
well as the Federal Food Quality Pro
tection Act. ISDA has increased moni

toring and protection activities associ

ated with these detections as pre
scribed by the Rules Goveming Pesti

cide Management Plans for Ground
Water Protection (IDAPA 02.03.01).

Nitrogen and Oxygen Isotopes

Overview

The ratio (denoted 5'^N) of the com
mon nitrogen isotope to its less
abundant counteipart '^N can be useful
in determining sources of nitrate.
Common sources of nitrate in ground

water include applied commercial fer
tilizers, animal or human waste, pre-
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Table 3. Nitrogen isotope findings. Numbers expressed in per mil.

2002 2003 2004 2005

9500201 7,020 5.31 nt nt

9501301 nt 6.26 nt 4.45

9501401 7.923 13.91 nt 9.90

9501501 7.299 6.18 5.51 nt

9501701 6.821 nt nt nt

9501801 nt 9.21 5.18 nt

9501901 3.103 nt nt nt

9502201 nt 5.06 nt 4.87

9502301 12.209 9.25 nt 5.34

9502601 2.310 nt nt nt

9503201 2.263 4.80 3.75 4.05

9503501 nt 8.03 nt 6.17

9503601 18.318 16.22 13.95 10.67

9504301 2.386 5.67 4.66 5.48

9504901 nt nt 6.64 3.66

9505101 10.660 9.22 7.02 6.86

9505201 7.813 10.29 6.95 9.55

9505301 3.444 nt nt 6.19

9505401 5.024 2.72 -0.42 1.58

9505601 nt nt nt 4.74

9506001 2.975 nt nt nt

9507001 4.556 6.84 nt 5.12

nt = not tested

cipitation, residues from legume crops,
and other organic nitrogen sources
within the soil. Each of these nitrate

source categories has a nitrogen Iso-

topic signature. Figure 5 illustrates
ranges of S'^N determined through
numerous research studies. Typical 5
'^N ranges for fertilizer and waste are
-5 to +5 per mil (%o) and greater than

respectively. Numbers between

5%n and 10%o generally are believed
to indicate an organic or mixed source.

Use of nitrogen isotopes as the sole
means to determine nitrate source

should be done with great care. 8'^N
values of fertilizer and animal waste in

ground water can be complicated by

several reactions (e.g., ammonia vola
tilization, nitrification, denitrification,

ion exchange, and plant uptake) that
can significantly modify the 8'^N val
ues (Kendall and McDonnel, 1998).

Furthennore, mixing of sources along
shallow flowpaths makes determina
tion of sources and extent of denitrifi

cation very difficult (Kendall and

McDonnell, 1998).

Findings

ISDA Water Program staff imple
mented 8'^N testing in order to use it
as a possible indicator of source(s) of
nitrate in the ground water. Because of

the cost of testing, only limited isotope
testing was undertaken. Only select

sites testing above 5 mg/L nitrate the
previous year had samples collected
the following year for stable isotope
testing.

Results from testing from 2002

through 2005 showed that the major
ity of sites returned 8'^N consistent
with fertilizer, organic, or mixed

sources (Table 3 and Figure 6). Four
sites that returned 5'^N greater than
10%o one or more times through 2002
to 2005 may represent locations hav

ing potential animal or human waste
impacts; sites 9501401, 9502301,
9503601, and 9505101 (Table 3 and

Figure 6).
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Conclusions

Results of ground water "sampling in
the Idaho, Lewis, and Nez Perce Coun
ties area from 2001 to 2007 indicate

nitrate problems in two distinct areas
within the project boundary; a pro
nounced area between the towns of

Cottonwood and Nez Perce and to a

lesser extent from Lewiston to east of

Lapwai. Over the entire study area,
six to 11 percent of wells exceeded the
EPA MCL of 10 mg/L for any given
year (Table 2). Maximum concentra

tions per year ranged from 29 mg/L to
47 mg/L. Highest nitrate levels appear
to occur consistently in an area be
tween the towns of Cottonwood and

Nez Perce

Evaluation of mean values from the 67

wells consecutively sampled from
2001 to 2007 suggest that levels ap
pear to be somewhat constant. In gen
eral, ground water quality with respect
to nitrate appears to be good in the
northeastern portion and most southern

regions of the study area.

Nitrogen isotope testing suggests that
higher nitrate levels found at testing
sites most commonly come from fertil

izer, organic, or mixed sources. Re
sults of nitrogen isotope testing sug
gest that four sites tested may specifi
cally be impacted from a waste source,
either animal or human.

Ground water samples returned posi
tive pesticide detections from numer
ous sites during testing in 2001, 2004,
and 2007. Of these detections, con
centration levels found at two sites

have warranted increased monitoring
and protection activities. One well

located approximately six miles south

of Lewiston consistently returned
atrazine and desthyl atrazine levels
near or above 50 percent of the MCL

of 3.0 gg/L. Another well location lo

cated approximately seven miles
northeast of Cottonwood had a detec

tion of 0.73 pg/L in 2007 for the pesti
cide compound tr'iallate that exceeded

the health standard used by ISDA as

well as the U. S. Food Quality Protec
tion Act. ISDA has increased monitor

ing and protection related activities in

I'clationship to both of these sites.

Recommendations

ISDA recommends continued

monitoring in the project area. ISDA
further recommends that measures to

reduce localized nitrate impacts and
potential futui^e pesticide impacts on
ground water be addressed and

implemented. ISDA recommends that:

• Pesticide applicators use the core

Best Management Practices rec

ommended by the ISDA Water

Progi'am, especially in the area
near the elevated atrazine and de-

sethyl atrazine and triallate detec
tions.

• Growers and agrichemical

professionals conduct nutrient and
pesticide management evaluations.

• Producers follow the Idaho

Agricultural Pollution Abatement
Plan and Natural Resources

Conservation Service (NRCS)

Nutrient Management Standard.

• Pesticide applicators follow the
NRCS Pesticide Management
Standard.

• Producers and agrichemical

dealers evaluate their storage,

mixing, loading, rinsing,

containment, and disposal
practices.

• Homeowners assess lawn and

garden practices, especially near
wellheads with elevated nitrate or

pesticide detections.
• Local residents assess animal

waste management practices.

• State and local agencies assess

impacts from private septic

systems near impaired areas.

• Home and garden retail stores

establish outreach programs to

illustrate proper application and

management of nutrients and
pesticides.

• Responsible parties assess

pesticide application practices to

protect ground water.
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Executive Summary 
 
Lindsay Creek is a tributary to the Clearwater River in Nez Perce County, Idaho. Its 22 square 
mile watershed has 72 percent agricultural land, increasing urban development, and elevated 
nitrate concentrations in surface water and in the shallow Saddle Mountains aquifer. Nitrate has 
contributed to nuisance algal growths in Lindsay Creek, exceeds concentrations associated with 
human health effects in some domestic wells, and some residents have stopped using shallow 
private wells as a drinking water source because of health concerns. Nearly 800 parcels in the 
watershed (~15% of parcels) have an individual on-site septic system, so individual on-site septic 
systems are one potential nitrate source. However, the presence and distribution of septic effluent 
in ground water and surface water, and its relationship to nitrate was not clear; previous efforts to 
test for septic inputs yielded inconclusive results. Septic systems, soil, fertilizers, livestock, and 
storm water discharges are all potential nitrate sources. 

This study used artificial sweeteners and caffeine as markers of septic effluent in the Lindsay 
Creek Watershed. The Idaho Department of Environmental Quality (DEQ) tested for two 
artificial sweeteners and caffeine in ground water, surface water, and in one septic system. These 
septic indicator chemicals were used to evaluate the presence and spatial distribution of septic 
effluent, and its relationship to nitrate in the Lindsay Creek Watershed. 

Artificial sweeteners acesulfame and sucralose, which are unique to human wastes and are not 
completely removed by septic systems, were detected at 4 of 5 stream sites; in 4 of 5 domestic 
wells; in 1 of 1 springs; and in 1 of 1 septic systems. Sweeteners were detected downstream of 
areas with high septic density, and not at locations with no suspected septic inputs. These 
patterns suggest acesulfame and sucralose are reliable indicators of septic effluent in the 
watershed, and indicate septic effluent is present in Lindsay Creek and the Saddle Mountains 
aquifer, including some domestic wells. 

Caffeine was detected at two stream sites and one well drawing from the Saddle Mountains 
aquifer. Because caffeine is completely removed by most properly-functioning septic systems, 
caffeine detections indicate inputs from poorly-functioning septic systems at some locations. 
This conclusion is supported by local public health district records; caffeine was detected 
downstream of areas with a recent history of septic failures. Results suggest caffeine is a reliable 
marker for effluent from poorly-functioning septic systems in the Lindsay Creek watershed, and 
demonstrate such effluent has entered Lindsay Creek and the Saddle Mountains aquifer. 

Nitrate concentrations were high (7.1-10.3 mg N/L) where septic indicators were detected, and 
much lower (< 1.14 mg N/L) where they were not. Patterns suggest septic effluent contributes to 
elevated nitrate concentrations observed in Lindsay Creek and in the Saddle Mountains aquifer. 
However, the relative (percent) contribution of septic effluent to nitrate contamination is beyond 
the scope of this study and merits further investigation. 
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1 Introduction 

In rural areas of Idaho, many homes and buildings use on-site septic systems to treat wastewater. 
Septic systems treat wastewater generated from bathroom, laundry, kitchen, and cleaning 
activities. Septic systems typically include a one or two-chamber underground septic tank and a 
drainfield with underground piping that extends from the septic tank into soil. Wastewater enters 
the septic tank, where solids settle to the bottom and are digested by anaerobic bacteria. 
Accumulated sludge must be pumped out periodically. Effluent from the septic tank is further 
purified in the drainfield by bacteria, chemical adsorption to soil particles, and various chemical 
reactions. Properly designed, located, constructed, and maintained septic systems remove or 
greatly reduce concentrations of many chemicals by the time wastewater exits the drainfield. 

By design, septic systems discharge treated wastewater to ground water, and therefore are a 
potential source of nutrients, bacteria, and other pollutants to ground water and surface water. If 
they are not properly designed, installed, or maintained, septic systems can discharge water with 
elevated concentrations of nutrients, bacteria, and other pollutants. In addition, as development 
and septic system density increases, the collective output from many properly functioning septic 
systems can become a significant source of pollutants to ground water or surface water. 

Nitrate is one chemical of concern discharged by septic systems. Nitrate is a form of nitrogen, an 
element essential for plant and animal growth. When discharged into ground water, nitrate can 
enter wells people use as a drinking water source. Consuming water with nitrate-nitrogen 
concentrations greater than 10 mg N/L can increase health risks for infants, people of poor 
health, and the elderly. Infants younger than six months of age are especially sensitive to nitrate 
poisoning, which may result in serious illness or death. The illness occurs when nitrate (NO3) is 
converted to nitrite (NO2) in the body. Nitrite reduces the amount of oxygen in blood, causing 
shortness of breath and blueness of the skin (often called blue baby syndrome or 
methemoglobinemia). Adults in poor health and the elderly can also be susceptible to health 
problems from short-term nitrate exposure. In surface water, nitrate can also contribute to 
nuisance algal growths and affect aquatic life. 

In addition to septic systems, nitrogen in soil, nitrogen-based fertilizers, waste from livestock and 
wildlife, and urban runoff are all common nonpoint sources of nitrate to ground water and 
surface water. Identifying the presence and relative contribution of different nitrate sources can 
help prioritize pollutant reduction efforts when limited resources are available.  However, 
because there are many potential nitrate sources in most watersheds, identifying the presence or 
contribution of specific nitrate sources in ground water and surface water can be difficult.  

2 Objectives 

This study used artificial sweeteners and caffeine to evaluate the presence/absence, and spatial 
distribution of septic effluent in the Lindsay Creek Watershed, where nitrate concentrations are 
elevated in ground water and surface water, and septic systems are one of several potential 
nonpoint nitrate sources. This study had four objectives: 
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1. Test for the presence/absence of septic effluent in surface water and ground water in the 
Lindsay Creek watershed using artificial sweeteners acesulfame and sucralose. 

2. Test for the presence/absence of effluent from poorly-functioning septic systems in 
surface water in the Lindsay Creek watershed using caffeine.  

3. Use available information about septic system distribution and septic system repair 
permits issued by Public Health – Idaho North Central District to evaluate the reliability 
of acesulfame, sucralose, and caffeine as septic effluent markers in the Lindsay Creek 
watershed.  

4. Document the spatial distribution of septic effluent and its relationship to NO3+NO2-N in 
surface water and ground water in the Lindsay Creek watershed.  

 

3 Watershed Description 

Lindsay Creek is a tributary to the Clearwater River in Nez Perce County, Idaho (Figure 1). The 
headwaters of Lindsay Creek begin within residential developments and farmland at 
approximately 1,800 feet above mean sea level (MSL). At its mouth (750 feet above MSL), 
Lindsay Creek flows through a tunnel drain in the Clearwater Levee and then into the Clearwater 
River. The main stem of Lindsay Creek is a third order stream with typical flows of 1-2 cubic 
feet per second (cfs) in summer and 5-7 cfs in spring at the mouth (Figure 2). Several first and 
second order tributary segments have lower flows and some tributary segments go dry during 
summer.  

Water in Lindsay Creek comes from precipitation, ground water, and irrigation inputs. Average 
annual precipitation from 1981-2010 in Lewiston, ID was 12.31 inches (NOAA 2018). 
Precipitation occurs primarily during fall, winter, and spring, with very limited summer 
precipitation. Lindsay Creek receives ground water inputs from springs associated with basalt 
canyon wall rock fall and ground water seepage from basalt canyon walls. Ground water inputs 
are thought to be substantial, but percent ground water contribution to stream flow has not been 
quantified. A portion of the watershed also receives irrigation inputs. The Lewiston Orchards 
Irrigation District (LOID) conveys water from Sweetwater and Webb creeks into Mann 
Reservoir (also called ‘Reservoir A’, Figure 1). The water is delivered to the LOID service area 
through a pipe system; residents use it to water lawns, for winter livestock watering, and for fire 
protection. LOID water may enter ground water or surface water after being used within the 
LOID service area. Mann Reservoir does not discharge directly into Lindsay Creek, but a 
wetland near the reservoir outlet and Lindsay Creek headwaters suggests some limited under 
flow seepage may occur.  

Land uses within the watershed include non-irrigated agriculture, small ranches and livestock 
operations, residential developments, and industrial businesses. Seventy-two percent of 
watershed area is non-irrigated agricultural land (USGS 2018). A 2002 watershed farming 
practices survey indicated crops included wheat, barley, legumes, alfalfa, and fallow (NPSWCD 
2002). Approximately 18 percent of watershed area is developed, and 4 percent of the land 
surface is impervious material (USGS 2018). Portions of the City of Lewiston are served by the 
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city storm water system. Natural drainage ways in the Lewiston Orchards and within portions of 
the City of Lewiston convey ephemeral storm water into tributaries of Lindsay Creek. Most 
parcels within city boundaries are connected to the City of Lewiston sewer line system. Many 
city parcels in the Lewiston Orchards area and all parcels outside city boundaries use septic 
systems; approximately 800 parcels in the watershed (~15% of parcels) have septic systems. 
There are no known nitrate sources within the watershed that could be defined as a point source 
requiring an Idaho Pollution Discharge Elimination System (IPDES) discharge permit. 

There are multiple aquifer systems below the Lindsay Creek watershed (Figure 3). The Saddle 
Mountains Aquifer spans 0-250 ft below the ground surface, and is composed of multiple layers 
of fractured basalt. The Saddle Mountains Aquifer is likely the primary source of springs 
discharging into Lindsay Creek. A sedimentary interbed called the Sweetwater formation sits 
below the Saddle Mountains Aquifer and separates it from a second lower fractured basalt 
aquifer, the Wanapum aquifer. The Saddle Mountains and Wanapum aquifers are perched 
aquifers thought to be recharged through precipitation and infiltration of water from the land 
surface (Neely 2018). The permeability of the Sweetewater formation and amount of downward 
hydrologic communication between the Saddle Mountains and Wanapum basalt aquifers is not 
clear (Daniel Sturgis, IDWR, personal communication, 11/14/18).  At a depth greater than 
approximately 700 ft below the ground surface, there is a deep Grande Ronde regional aquifer 
within basalt flows of the Grande Ronde Formation (Ralston 2017). This aquifer is recharged 
primarily by the Snake River and Clearwater River and is the source of many regional municipal 
water supply wells (Ralston 2017).  

The Saddle Mountains, Wanapum, and Grande Ronde aquifers are all used by Lindsay Creek 
watershed residents for drinking water and irrigation. Idaho Department of Water Resources 
(IDWR) documented declining water levels in wells drawing from the Saddle Mountains aquifer 
and subsequently designated the Lindsay Creek Ground Water Management Area (GWMA), 
which was later expanded and renamed the Lewiston Plateau GWMA. The GWMA requires that 
new wells be completed in the deep regional Grande Ronde aquifer, and requires well casing to 
seal off water from the Saddle Mountains and Wanapum aquifer (IDWR 2015, Daniel Sturgis 
IDWR, personal communication 1-14-2019). DEQ observed nitrate concentrations that exceed 
the U.S. Environmental Protection Agency’s maximum contaminant level and Idaho ground 
water quality standard (10 mg N/L) for protection of human health in some wells completed in 
the Saddle Mountains aquifer (DEQ 2009).  In response, DEQ established the Lindsay Creek 
Nitrate Priority Area (NPA) (DEQ 2008; DEQ 2014). NPAs are areas where additional 
monitoring and ground water quality improvement are needed to protect human health and the 
environment. DEQ uses ground water nitrate monitoring results to delineate and prioritize NPAs. 
Additional information about NPA delineation and ranking is available in the 2014 Nitrate 
Priority Area Delineation and Ranking Process document (DEQ 2014).  
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Figure 1. Lindsay Creek watershed and administrative boundaries. 
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Figure 2. Water year stream flow and nitrate plus nitrite nitrogen concentrations at the Lindsay 
Creek mouth, and cumulative precipitation measured at the Lewiston Airport. 

 

 

 

 

 

Figure 3. Geologic strata and average nitrate concentrations at wells and springs sampled by 
DEQ within the Lindsay Creek NPA and Lewiston plateau ground water management area (Figure 
1). Geologic strata are from Neely 2018. 
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4 Nitrate Concerns 

In 1978, the Idaho Department of Health and Welfare Division of Environmental Quality 
identified elevated nutrient concentrations in Lindsay Creek and observed associated nuisance 
algal growths (IDHW 1978). DEQ subsequently placed Lindsay Creek on Idaho’s list of waters 
impaired under the Clean Water Act (Idaho’s §303(d) list). In 2007, DEQ developed a Total 
Maximum Daily Load (TMDL) for nitrite plus nitrate nitrogen (NO3+NO2-N) in Lindsay Creek. 
A TMDL specifies maximum inputs of a pollutant from all sources that can occur while sill 
meeting state water quality standards. The Lindsay Creek TMDL attributed all loading to 
nonpoint sources and did not delineate contributions from different potential nonpoint sources 
(DEQ 2007). The TMDL stated “Elevated nutrient levels in Lindsay Creek appear to originate 
within the watershed and from ground water springs…” and that the TMDL was “developed to 
initiate protective ground water quality management actions…” (DEQ 2007).  

In 2008, DEQ designated the Lindsay Creek Ground Water Nitrate Priority Area (NPA) (DEQ 
2008; DEQ 2014) (Figure 1) to better characterize and address elevated nitrate in ground water. 
NPAs are areas where DEQ develops ground water quality improvement plans, conducts regular 
ground water nitrate monitoring, and water quality improvement is needed to protect human 
health and the environment (DEQ 2014). Since 2008, when DEQ designated Lindsay Creek NPA 
and began regular NPA monitoring, NO3+NO2-N concentrations ranged from 0.01-21 mg N/L 
and exceeded 10 mg N/L at least once in 15 out of 31 (48%) of wells sampled by DEQ. A draft 
ground water management plan for the Lindsay Creek NPA was developed in 2009; it 
recommended more public education about nitrate health risks and sources, as well as voluntary 
implementation of agricultural and residential best management practices to reduce nitrate inputs 
to ground water (DEQ 2009).   

Several water quality improvement projects have been implemented in the watershed, but nitrate 
concentrations have remained high (Figure 2; Figure 3). An agricultural implementation plan 
detailing best management practices for reducing nutrient inputs from agriculture was developed 
in 2008 (NPSWCD 2008). Funds from two Clean Water Act Section 319 Nonpoint Source 
Management Program grants ($493,534 total) were used for nutrient reduction projects on 
several properties (PCEI 2012; NPSWCD 2016). In 2018, the City of Lewiston extended a sewer 
line into the eastern Lewiston Orchards area, and some residences previously served by 
individual on-site septic systems are now served by city sewer.  

Potential nonpoint nitrate sources include organic nitrogen in soil, fertilizers, livestock, pets, 
wildlife, municipal storm water discharges, and septic systems. Septic systems have been cited as 
a potentially significant nitrate source. IDHW hypothesized septic systems were a source of 
stream nutrient contamination as far back as 1978 (IDHW 1978). In 2018, the City of Lewiston 
installed a sewer trunk line to extend sewer service into the eastern Lewiston Orchards, and cited 
elevated nitrate as one justification for the extension project (City of Lewiston URA 2017).  

Previous DEQ efforts to evaluate septic contributions to surface water and ground water yielded 
inconclusive results. In 2005, DEQ tested for caffeine, methylene blue active substances 
(MBAS) and chlorine at several surface water sites; all three parameters can be used as 
indicators of septic inputs. Results were below the laboratory practical quantitation limit (PQL) 
(DEQ 2007). In 2017, DEQ again tested for the presence of caffeine in outflow of a culvert on 
Burrell Avenue draining the eastern Lewiston Orchards where septic systems are prevalent; 
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caffeine was detected (0.0346-0.0567 µg/L, PQL = 0.025 µg/L), suggesting potential septic 
inputs at this one site (DEQ 2017).   

In 2005, DEQ also evaluated nitrogen stable isotope ratios (δ15N) in surface water. Some nitrate 
sources have distinct δ15N signatures that can assist source identification.  However, δ15N did 
not clearly differentiate potential sources. Results indicated nitrate could derive from organic and 
inorganic nitrogen in soil, human waste, or animal waste (DEQ 2007). Considering the Lindsay 
Creek watershed includes ranches and livestock operations and nitrogen and oxygen isotopes are 
not able to differentiate human and animal waste sources (Xue et al. 2009; Fenech et al. 2012; 
Nikolenko et al. 2017), nitrogen and oxygen stable isotopes likely will not help delineate septic 
contributions. 

5 Artificial Sweeteners and Caffeine as Septic Markers 

Sucralose (brand name Splenda®) and acesulfame are artificial sweeteners used in some foods, 
beverages (diet sodas), and medicines. The US Food and Drug Administration (FDA) approved 
acesulfame for use as a non-nutritive sweetener in specific types of foods and beverages in 1988, 
and as a general purpose sweetener and flavor enhancer in 2003 (FDA 1988; FDA 2003).  FDA 
does not allow acesulfame to be used as a sweetener in meat and poultry food products (21 CFR 
172.800). USDA approved sucralose for use as a non-nutritive sweetener in 15 food categories in 
1998 and as a general purpose sweetener in 1999 (FDA 1998, FDA 1999).  

These sweeteners are frequently used as indicators of human wastewater inputs to surface water 
or ground water because they are unique to human waste sources and do not easily break down 
(Lange et al. 2012; Lim et al. 2017). Acesulfame and sucralose are not naturally-occurring and 
are unique to human waste. After being ingested, these compounds are not readily adsorbed or 
metabolized in the human body, and are excreted after little or no breakdown (Lange et al. 2012). 
Wastewater treatment plants and septic systems also do not completely remove acesulfame and 
sucralose from wastewater (Table 1). Water treatment typically removes less than 50% of 
sucralose in wastewater (Table 1). Reported acesulfame removal is consistently less than 100%, 
but is highly variable (Table 1). In some cases, sweeteners appear to accumulate in wastewater 
treatment plants or septic systems, yielding greater concentrations in effluent than influent (see 
negative removal efficiencies in Table 1). Because they are not completely removed by 
wastewater treatment, detection of these sweeteners in water samples strongly suggests 
wastewater or septic effluent is present. Sweeteners have been used in local (Robertson et al. 
2016, Spolestra et al. 2017), state (Silvanima et al. 2018), and national (Bernot et al. 2016) 
assessments of wastewater inputs to ground water and surface water.  

Caffeine is a stimulant present in many beverages (coffee, tea, sodas, energy drinks) foods 
(chocolate), and medicines. Properly-functioning septic systems remove caffeine very efficiently. 
Schaider et al. (2017) reviewed studies that reported caffeine concentrations in both septic 
systems (tank liquid or effluent) and downstream water (drainfield leachate or effluent from an 
alternative system) and calculated caffeine removal efficiencies (effluent concentration / influent 
concentration x 100).  Median removal efficiencies were 99% for septic drainfields (N=15) and 
93% for alternative systems (N=17). Other studies not included in Shaider et al. (2017) also 
reported 100% caffeine removal efficiencies (Yang et al. 2016; Yang et al. 2017a). Detection of 
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caffeine in water samples therefore suggests effluent from poorly functioning septic systems is 
present. Caffeine is widely used as a septic effluent marker in studies evaluating wastewater 
impacts on water quality (Buerge et al. 2003; Lim et al. 2012; Schaider et al. 2017).  

Together, artificial sweeteners and caffeine can provide useful information about septic system 
inputs to ground water and surface water. Artificial sweeteners are markers of septic effluent and 
indicate where effluent inputs are present. Detection of caffeine further suggests inputs from one 
or more poorly-functioning septic systems.  

Table 1. Sucralose, acesulfame, and caffeine removal efficiencies reported in the literature for 
wastewater treatment plants (WWTP), drinking water treatment plants (DWTP) and septic systems.  

 Removal (%) 

Source Site Type N Sucralose Acesulfame Caffeine 

Subedi & Kannan (2014) WWTP  2 1.6 -54  
Li et al. (2018) WWTP  5 -3.0 to 30   
Castronovo et al. (2017) WWTP 13  57-97  
Qi et al. (2015) WWTP 5 6 to 31  91-100 
Schaider et al. (2017) WWTP 13   43-100 
Ryu et al. (2014) WWTP 1 24 4  
Thomas & Foster (2005) WWTP 3   99-100 
Scheurer et al. (2015) WWTP 1  54  
Cardenas et al. (2016) WWTP 1  92 100 
Yang et al. (2017) WWTP 9 < 0 to 50  > 90 
Mawhinney et al. (2011) DWTP 13 0 to 48   
Hoque et al. (2014) aerated sewage lagoon 1 -330 to -83b   
Yang et al. (2016) septic system 1 0  100 
Yang et al. (2017a) septic system 3 45-85  100 
Schaider et al. (2017) septic system 15   34-100 
Robertson et al. (2016)a septic system 5  -4 to 93  
aremoval efficiencies calculated here using concentrations in tank liquid and in ground water below or downstream 
from infiltration beds from Table S1. 
bvalues indicate range across seasons for one system 
N indicates the number of sites where removal efficiencies were reported in the study. 

6 Methods 

6.1 Septic System Locations 

Geographic information systems (GIS) records provided by Nez Perce County (Bill Reynolds, 
personal communication, April 3, 2018) were used to map locations of parcels with septic 
systems, and estimate the number of parcels with a septic system in the watershed. Nez Perce 
County indicated their GIS record accurately reflect septic system distribution within the 
Lewiston city boundaries, but may not be up to date for some areas outside city boundaries (Bill 
Reynolds, personal communication, April 5, 2018). It was not possible to map the exact location 
of each septic system; location data for each septic system are not available. County GIS data 
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were used to estimate the number of septic systems upstream from each stream sample point, 
assuming there is only one system per parcel.  

Idaho North Central Public Health district (PH-INCD) provided addresses and parcel numbers 
for properties where PH-INCD issued a septic repair permit in the Lewiston area between 2011 
and November 2018 DEQ (Ed Marugg, personal communication November 16, 2018). PH-
INCD issues repair permits when PH-INCD determines a septic system is malfunctioning and 
needs repairs. DEQ mapped locations of these parcels to determine the number and location of 
parcels within Lindsay Creek watershed boundaries where PH-INCD confirmed septic failures 
(Figure 4). DEQ also evaluated if there is a history of septic failure upstream of where septic 
indicators were detected.  

6.2 Septic Indicator Sampling  

On September 10, 2018, septic indicator samples were collected at 5 stream sites, 5 domestic 
wells, 1 spring, and from the LOID irrigation water distribution system (Figure 4, Table 2). 
Samples were collected following procedures described in a project quality assurance project 
plan (DEQ 2018; DEQ 2018a; DEQ 2018b). Samples for acesulfame, sucralose, and caffeine 
were collected into 1 L glass amber bottles, placed on ice in the field, and delivered to the lab the 
same day.  Stream water samples were grab samples collected from area within the stream 
channel that carries the greatest portion of flow (the thalweg). Well and spring samples were 
collected from a faucet, sample port, or spring as close to the source as possible before any 
treatment system. A portable water quality meter was used to measure pH, specific conductance, 
dissolved oxygen, and temperature at each sample location while allowing water to run for 
several minutes. Samples were collected after these parameters stabilized.  

A one-compartment septic system that served a three bedroom residence in the eastern Lewiston 
Orchards was sampled on October 30, 2018. The goal of septic sampling was simply to confirm 
septic indicator compounds are present in septic systems within the watershed. The septic system 
had a 1000 gallon concrete tank, with 144 ft long, 3 ft wide drainfield. The system was installed 
in 2013 and the drainfield was repaired and expanded in 2014. The property owner hooked up 
their property to the Lewiston sewer line extension one week prior to DEQ sampling. DEQ 
obtained permission from the property owner and collected samples from the septic tank before it 
was pumped dry and decommissioned.  Clean fluorinated ethylene propylene (FEP) tubing was 
lowered through the scum layer and a peristaltic pump was used to pump liquid from the septic 
tank through the FEP tubing and a short piece of silicone tubing into sample bottles.  

Quality control samples included two field blanks and two field duplicates. A field blank was 
collected during surface water sampling by pouring deionized water into a sample container in 
the field. A septic field blank was collected by passing deionized water through sample tubing 
prior to pumping water for septic samples. A field duplicate was collected the spring site, and at 
the septic sampling site. A detailed summary of project data quality is provided in Appendix A.  

6.3 Ground Water NO3+NO2-N and Escherichia coli 

On September 10, 2018, ground water NO3+NO2-N samples were collected at each well and the 
spring site concurrently with septic indicator samples. Samples were collected using methods 
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described above (Section 6.2). In addition, NO3+NO2-N was sampled in one well (# 1225) and 
one spring (# 5000) twice per month March through September 2018 concurrently with surface 
water sampling (section 6.4) to compare seasonal NO3+NO2-N patterns in shallow ground water 
and surface water (Figure 4). Well and spring samples were collected as described above. All 
NO3+NO2-N samples were collected into clean high density polyethylene (HDPE) bottles, 
preserved with H2SO4, and placed on ice in the field. Escherichia coli (E. coli) samples were also 
collected from well and spring sites sampled 9/10/2018. E. coli samples were preserved with 
sodium thiosulfate in the field and analyzed at Anatek Labs within 24 hours of collection. 
Ground water data collected in 2018 were combined with older ground water NO3+NO2-N and 
NO3-N data collected by DEQ (DEQ 2008; DEQ 2009; DEQ 2014) to plot aquifer nitrate 
patterns (Figure 3). NO3+NO2-N and NO3-N were plotted together, because available data 
suggests nitrite (NO2-N) is a very small fraction of NO3+NO2-N in ground water. IDWR staff 
helped identify the aquifer wells and springs with nitrate data draw water from (Daniel Sturgis, 
IDWR, December 26, 2018, personal communication).  

6.4 Stream Discharge and NO3+NO2-N 

On September 10, 2018, stream discharge was measured and NO3+NO2-N samples were 
collected concurrently with septic indicator samples at each stream site. In addition, discharge 
and NO3+NO2-N were measured twice per month from March through September 2018, at 6 
stream sites, including the 5 stream sites where septic indicator samples were collected (Figure 
4). Stream discharge was measured using a portable electromagnetic velocity meter and the 
velocity-area method. Water samples were grab samples collected from the thalweg. All 
NO3+NO2-N samples were collected into clean high density polyethylene (HDPE) bottles, 
preserved with H2SO4, and placed on ice in the field. Methods and results for 2018 stream 
discharge and NO3+NO2-N sampling are documented in detail elsewhere (DEQ 2018c). Stream 
data collected in 2018 were combined with stream discharge and NO3+NO2-N data previously 
collected by the Idaho Department of Environmental Quality (DEQ) (IDHW 1978, DEQ 2007) 
to plot inter-annual patterns (Figure 2).  

6.5 Analytical Methods 

All samples were analyzed at Anatek Labs in Moscow, ID. NO3+NO2-N was analyzed using 
colorimetric automated cadmium reduction (EPA 353.2) with a practical quantitation limit (PQL) 
of 0.1-1 mg N/L. E. coli was analyzed using American Public Health Association (APHA) 
method 9223B within 24 hours of collection; the PQL was 1 mpn/100 mL. For ground water and 
surface water samples, acesulfame, sucralose, and caffeine were analyzed using high pressure 
liquid chromatography (HPLC) coupled to a tandem mass spectrometer (MS/MS) by following a 
modified version of EPA 8321A. Samples were extracted following a procedure outlined by 
Kokotou et al (2013) in which samples are extracted using a solid phase cartridge (Waters Oasis 
HLB SPE) in order to reduce detection limits for the analytes of interest. Samples were extracted 
within seven days of sample collection and analyzed within 14 days. Isotopically labeled 
acesulfame, sucralose, and caffeine were used as internal standards to account for matrix effects. 
PQLs for acesulfame, sucralose, and caffeine were 0.04 μg/L, 1 μg/L and 0.01 μg/L, 
respectively. For septic liquid, samples were initially analyzed using a 10x dilution with no solid 
phase extraction because of difficulty passing septic liquid samples through the cartridges. Direct 
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injection analysis yielded PQLs of 5 μg/L for acesulfame, 10 μg/L for caffeine, and 100 μg/L for 
sucralose. Because sucralose was initially not detected in septic liquid with a PQL of 100 μg/L, 
samples were also subsequently analyzed for sucralose without dilution yielding a PQL of 25 
μg/L. 

7 Results 

7.1 Septic System Locations 

Nez Perce County Assessor GIS records indicated there were 780 parcels in the Lindsay Creek 
watershed with a septic system (15% of watershed parcels). Septic parcels were most dense in 
residential developments connected to Lapwai Road near North Fork Lindsay Creek and in the 
eastern Lewiston Orchards (Figure 4). PH-INCD issued 21 septic repair permits within the 
Lindsay Creek watershed between 2011 and November 2018. Four permits were issued during 
2017-2018. Fourteen permits were issues for parcels in the Lewiston Orchards, and five were 
issued for parcels draining into NF Lindsay Creek (along Lapwai Road or in the Pheasant Trails 
and Viewpointe developments (Figure 4).  

7.2 Septic Indicator Sampling  

Artificial sweeteners were detected in septic liquid, ground water, and surface water. Aceslufame 
and sucralose were detected in septic liquid (Table 2). At least one sweetener was detected in 4 
out of 5 domestic wells, 4 out of 5 locations in Lindsay Creek, and in the one spring sampled 
(Table 2, Figure 4). Acesulfame was detected in all sampled ground water sites drawing from 
Saddle Mountains aquifer (sites 5000, 1225, 1253, 2655, 533) (Table 2).  Sucralose was also 
detected in one well drawing from the Saddle Mountains aquifer (site 2655) (Table 2). 
Sweeteners were not detected in a well drawing from the Grande Ronde aquifer (site 2022) or in 
LOID irrigation water. The acesulfame concentration in septic liquid was 40-1200 times greater 
than that observed in surface and ground water (Table 2). The sucralose concentration in septic 
liquid was 10-60 times greater than that observed in surface and ground water (Table 2). 

Artificial sweeteners were detected at all 4 stream sites downstream of septic systems (Figure 4), 
and not at locations where septic inputs were not expected. Both acesulfame and sucralose were 
detected at the two stream sites with the highest upstream septic density (LC3, LC4; Table 2). 
Acesulfame and sucralose were not detected at a headwater stream segment (LC6). The 
headwaters segment is within a septic parcel (Figure 4), but the stream sample site was upstream 
of the septic system drainfield. Water at this stream site comes from a wetland with no known 
septic inputs. Sweeteners were also not detected in the LOID irrigation pipe system, which draws 
water from Mann Reservoir.  

Caffeine was detected in septic liquid, one domestic well and at the two stream sites with the 
highest upstream septic density (LC3, LC4) (Table 2). These two stream sites also have a history 
of upstream septic failures based on PH-INCD records, including recently—PH-INCD issued 
two septic repair permits upstream of site LC3 in 2018, and two septic repair permits upstream of 
site LC4 in 2017 (Figure 4). The caffeine concentration in septic liquid was 6,000-9,000 times 
greater than that observed in surface water and ground water.  
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The total nitrogen concentration in septic liquid, calculated as the sum of NO3+NO2-N and total 
kjeldahl nitrogen (NH3-N plus organic N) was 82.6 mg N/L. NO3+NO2-N in septic liquid was 
less than the laboratory practical quantitation limit (0.1 mg N/L). Low or non-detect NO3+NO2-
N concentrations are common in septic liquid; nitrogen is typically present primarily as ammonia 
and organic nitrogen due to anaerobic (low oxygen) conditions in septic tanks. Ammonia is 
typically oxidized and converted to nitrate in septic drainfields. 
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Figure 4. Sample sites, septic parcels, and parcels where PH-INCD issued a septic repair permit. 

Table 2. Nitrate and septic indicator results from 9-10-2018 sampling.  

Site 
Upstream Septics (#, 

density mi
2
) 

Depth 
(ft) 

NO3+NO2-N 
(mg N/L) 

Caffeine 
(µg/L) 

Sucralose 
(µg/L) 

Acesulfame 
(µg/L) 

Surface Water       
LC1 (mouth) 780, 3.6 -- 8.24 ND ND 0.141 
LC2 (Gun Club Creek) 5, 4.3 -- 8.92 ND ND 0.0535 
LC3 (NF Lindsay Creek) 271, 69 -- 9.8 0.0167 1.32 0.265 
LC4 (SF Lindsay Creek) 360, 70 -- 10 0.0132 7.56 0.0644 
LC5 (Burrell Ave culvert) -- -- -- -- -- -- 
LC6 (headwaters) 0 -- 1.14 ND ND ND 
LOID distribution system 0 -- 0.185 ND ND ND 
Ground Water       
5000 (spring) -- 0 9.26 ND ND 0.506 
1225 (well) -- 16 7.15 ND ND 0.404 
1253 (well) -- 56 10.3 0.0189 ND 0.0857 
2655 (well) -- 200 10.2 ND 1.15 1.22 
533 (well) -- 225 9.88 ND ND 0.202 
2022 (well) -- 950 ND ND ND ND 

Septic System -- -- ND* 119 80 51.3 
Notes: LC5 was dry on 9-10-2018. All wells except 2022 are completed in the Saddle Mountains aquifer. ND indicates results less 
than the practical quantitation limit (0.1 mg N/l for nitrate, 0.04 μg/L for acesulfame, 1 μg/L for sucralose, and 0.01 μg/L for caffeine). 
*The total nitrogen concentration in septic liquid, calculated as NO3+NO2-N + total kjeldahl nitrogen (TKN) was 82.6 mg N/L.   
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7.3 Ground Water NO3+NO2-N and Escherichia coli 

During September 2018 sampling, NO3+NO2-N concentrations ranged from 7.17-10.3 mg N/L at 
ground water sites drawing from the Saddle Mountains aquifer and was below the reporting limit 
at the one sampled site drawing from the Grande Ronde aquifer (Table 2). Based on data 
collected by DEQ in the Lewiston basin between 1988-2018, nitrate nitrogen concentrations are 
generally much greater in the Saddle Mountains aquifer than in the Wanapum or Grand Ronde 
aquifers, although a limited number of sites drawing from the Wanapum and Grande Ronde 
aquifers have been sampled (Figure 3). From March through September 2018, NO3+NO2-N 
concentrations and seasonal patterns at one spring and one shallow well drawing from the Saddle 
Mountains aquifer were similar to those observed in Lindsay Creek (Figure 5). E. coli was not 
detected at any of the ground water sites sampled in 2018. 

 
Figure 5. 2018 NO3+NO2-N concentrations at shallow ground water and surface water monitoring 
sites. See figure 4 for sample locations. 

 

7.4 Stream Discharge and NO3+NO2-N 

Between March and September 2018, stream discharge ranged from 4.1 to 6.8 cubic feet per 
second (cfs) at the Lindsay Creek mouth (LC1), and was ≤ 1 cfs at all monitored tributary sites. 
Discharge was greatest in May and decreased through September. In 2018, stream NO3+NO2-N 
ranged from 7.93 to 9.92 at the mouth (Figure 2), and 0.75 to 14.3 mg N/L across all monitoring 
sites.  
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Across years, stream NO3+NO2-N ranged from 1.3-9.92 mg N/L at the mouth. Stream discharge 
and NO3+NO2-N were substantially higher in 2018 than in previous years (Figure 2). Inter-
annual variation in precipitation appears to affect stream NO3+NO2-N. At the mouth, discharge 
and NO3+NO2-N were greater in water years with greater winter precipitation and stream flow 
(Figure 2). Greater than normal winter precipitation in 2018, combined with greater than normal 
precipitation in water year 2017 likely contributed to higher than normal NO2+NO3-N in 2018 
than previous years. 

In 2018, NO3+NO2-N concentrations were elevated at sites where one or more septic indicators 
were detected, and were much lower or not detected at locations where septic indicators were not 
detected (Table 2). NO3+NO2-N concentrations were consistently high March-September 2018 at 
stream sites LC3 and LC4, where all three septic indicators were detected (Table 2, Figure 4, and 
Figure 5).  

8 Conclusions 

Septic Effluent is Present in Lindsay Creek and the Saddle Mountains Aquifer 

Acesulfame and sucralose are useful indicators of human wastewater because they are unique to 
human waste sources and do not completely break down in human digestive systems, wastewater 
treatment plants, or septic systems (Lange et al. 2012). Individual on-site septic systems are 
likely the primary source of these compounds in the Lindsay Creek watershed. Other potential 
significant sources, such as landfills or effluent from wastewater treatment plants are not present. 
Within the Lindsay Creek watershed, acesulfame and sucralose were detected in a septic system, 
at surface water locations downstream from septic systems, and in shallow ground water within 
areas served by septic systems (Table 2, Figure 4). Sweeteners were not detected at three 
locations where septic inputs would not be expected: at headwaters stream site, in irrigation 
water, and in deep ground water (Table 2, Figure 4). These patterns suggest acesulfame and 
sucralose are reliable indicators of septic effluent in the watershed, and that indicate septic 
effluent is present in Lindsay Creek and in ground water collected from domestic wells. 

It is not surprising that septic effluent is present in ground water and surface water. Septic 
systems are designed to discharge effluent to subsurface soils and therefore are a source of water 
to the shallow Saddle Mountains aquifer in the Lindsay Creek watershed. The Saddle Mountains 
aquifer is also a source of ground water inputs to Lindsay Creek through springs and the 
hyporheic zone of gaining stream segments, so septic effluent would be expected to enter 
Lindsay Creek. This study confirmed that septic effluent is present in Lindsay Creek and the 
Saddle Mountains Aquifer and documented its spatial distribution. 

 

Effluent From Poorly-functioning Septic Systems is Present in Lindsay Creek and the 

Saddle Mountains Aquifer 

Because properly-functioning septic systems remove caffeine very efficiently (Section 5), 
caffeine results (Table 2, Figure 4) suggest effluent from one or more poorly functioning septic 
systems has entered Lindsay Creek and the Saddle Mountains Aquifer. Caffeine was detected in 
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septic liquid, at two stream sites, and in one shallow well (Table 2). The two stream sites (LC3, 
LC4) are both downstream of areas with high septic density (~70 septics/square mile) and a 
recent history of septic failure based on PH-INCD records (Figure 4). In 2017, caffeine was also 
detected in outflow of a culvert draining the Lewiston Orchards (LC5) (0.0346-0.0567 µg/L, 
PQL = 0.025 µg/L), where septic density is high and PH-INCD has issued septic repair permits 
(DEQ 2017). Caffeine was not detected at other surface water and ground water locations, 
including those where septic inputs would not be expected and where there are no records of 
upstream septic failures (LC6, LOID water, a well drawing from Grande Ronde aquifer). These 
results suggest caffeine is a reliable marker for effluent from poorly-functioning septic systems 
in the Lindsay Creek watershed, and demonstrate such effluent has entered Lindsay Creek and 
the Saddle Mountains aquifer.  

 

Nitrate Concentrations Are High Where Septic Effluent is Present, and Low Where it Is 

Not 

In surface water, NO3+NO2-N concentrations were 8-10 mg N/L at stream sites where one or 
more artificial sweeteners were detected, and were < 0.8 mg N/L at sites where sweeteners were 
not detected (Table 2). Throughout 2018, NO3+NO2-N concentrations were consistently highest 
at the two stream sites (LC3, LC4) where all three septic indicators were detected (Figure 5). In 
ground water, NO3+NO2-N concentrations were 7.15-10.3 mg N/L at sites where one or more 
sweeteners were detected, and were below detection in a well drawing from the Grande Ronde 
aquifer where sweeteners were not detected (Table 2). These patterns suggest septic effluent 
contributes to elevated NO3+NO2-N concentrations observed in Lindsay Creek and in the Saddle 
Mountains aquifer.  

 

The Relative Contribution of Septic Effluent to Nitrate Contamination is Not Clear and 

Merits Further Investigation 

It is not possible to estimate the percent of NO3+NO2-N in ground water or surface water that 
comes from septic effluent using data collected in this study. Other studies have tested for 
correlations between NO3+NO2-N and sweeteners to assess if septic effluent is a primary factor 
controlling NO3+NO2-N concentrations (Spolestra et al. 2017). Here, NO3+NO2-N 
concentrations were not correlated with acesulfame concentrations, but the sample size (12 sites) 
was too small to robustly test for a correlation. It was not possible to test for a correlation 
between sucralose and NO3+NO2-N because sucralose was only detected at 3 sample sites. 
Collecting additional sweetener and NO3+NO2-N data would help test for correlations more 
robustly. However, estimating the percent of NO3+NO2-N in ground water or surface water that 
comes from septic effluent would likely require ground water flow and watershed modeling.  

It is also not possible to reliably estimate the percent of ground water or surface water that comes 
from septic effluent using data collected in this study. Some studies have divided artificial 
sweetener concentrations in water samples by average local concentrations in septic liquid or 
septic effluent to estimate the percent septic effluent in ground water or surface water (Spolestra 
et al. 2017). In this study, only one septic system was sampled; many more would need to be 
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sampled to estimate average acesulfame and sucralose concentrations within the watershed. 
Sweetener concentrations in septic systems vary based on the diet and household products used 
by residents. Percent sweetener removal achieved by septic systems is also variable (Table 1), 
and is likely affected by system design, location, construction, and maintenance. Sweetener 
concentrations reported in the literature could be used for these calculations, but may not be 
representative of those in the Lindsay Creek area due to regional differences in diet, use of 
household products, local geology, or other factors.  
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Appendix A. Quality Assurance/ Quality Control 

 

Background and Purpose 

Before sampling, DEQ developed separate Quality Assurance Project Plans (QAPPs) for surface 
water monitoring (DEQ 2018), ground water nitrate monitoring (DEQ 2018a) and septic 
indicator sampling DEQ (2018b). The QAPPs specified data quality objectives and criteria were 
specified for data accuracy, precision, measurement range, representativeness, comparability, 
and completeness.  Quality assurance data associated with surface water nitrate data is described 
in the Lindsay Creek Surface Water Quality Monitoring Report: 2018 (DEQ 2018c). This 
appendix reviews quality assurance data associated with septic indicator sampling (DEQ 2018b).  

Project Parameters 

The project QAPP (DEQ 2018b) stated that project ground water, surface water, and septic liquid 
would be analyzed for acesulfame, sucralose, and NO3+NO2-N. Several additional parameters 
were added during the course of the project. When samples were submitted to the lab, Anatek 
offered to analyze samples for caffeine in all samples in addition to acesulfame and sucralose; 
sample holding times, preservation requirements, and analytical methods were identical for 
caffeine, which Anatek could easily report from mass spectrometer results without additional 
work. In addition, DEQ requested Anatek analyze septic liquid samples for NH3-N (APHA 
4500NH3G) and total Kjeldahl nitrogen (TKN) (APHA 4500NORGC) after initial NO3+NO2-N 
results were below detection. The QAPP did not specify quality assurance requirements for 
caffeine, TKN, and NH3, but quality assurance procedures used are described below. 

Precision 

Precision is a measure of agreement between two measurements of the same parameter under 
prescribed conditions. The relative percent difference (RPD) between original and field duplicate 
samples can be used as a measure of precision. Field duplicates are two samples collected from 
the same location, representing the same sampling event, and carried through all assessment and 
analytical procedures in an identical manner.  

The project QAPP (DEW 2018c) required that DEQ collect one surface water field duplicate and 
one septic liquid field duplicate for analysis of septic indicator parameters. This requirement was 
met (Table A1). The QAPP also defined a RPD goal of +/- 50% for results < 5 times the 
practical quantitation limit (pql), and +/- 25% for results > 5x the pql.  These requirements were 
also met (Table A1).  

Table A1. Field duplicate results.  
Sample 
Date 

Media Parameter Original 
Result 

Duplicate 
Result 

RPD 
(%) 

PQL Lab Report 

9-10-18 Ground water Acesulfame (µg/L) 0.506 0.503 0.6 0.04 180911049_REG2 
9-10-18 Ground water Sucralose (µg/L) ND ND 0 1 180911049_REG2 
9-10-18 Ground water Caffeine (µg/L) ND ND 0 0.01 180911049_REG2 
10-30-
2018 

Septic liquid NO3+NO2-N (mg 
N/L) 

ND ND 0 0.1 180131009_REG2_ADDON 
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10-30-
2018 

Septic liquid NH3-N (mg N/L) 72.6 72.3 0.4 0.5 180131009_REG2_ADDON 

10-30-
2018 

Septic liquid TKN (mg N/L) 73.1 82.6 -12.2 5 180131009_REG2_ADDON 

10-30-
2018 

Septic liquid Acesulfame (µg/L) 51.3 60.3 -16.1 5 180131009_REG2_ADDON 

10-30-
2018 

Septic liquid Sucralose (µg/L) 85.9 80.0 7.1 25 180131009_REG2_ADDON 

10-30-
2018 

Septic liquid Caffeine (µg/L) 119 117 1.7 10 180131009_REG2_ADDON 

 

Accuracy 

Accuracy is a measure of agreement between a “true” or reference value and the associated 
measured value. The QAPP required collection and analysis of one surface water field blank and 
one septic liquid field blank to evaluate accuracy. Field blanks are samples of a blank matrix, 
typically distilled water, prepared in the field under the same conditions, processed the same, and 
included for analysis as a regular sample. Results of all field blanks were below detection, and 
met QAPP requirements (Table A2).   

Table A2. Field blank results. 
Sample Date Media Parameter Field Blank 

Result 
PQL Lab Report 

9-10-18 Surface water NO3+NO2-N (mg 
N/L) 

ND 0.1 180911049_REG2 

9-10-18 Surface water Acesulfame (µg/L) ND 0.04 180911049_REG2 
9-10-18 Surface water Sucralose (µg/L) ND 1 180911049_REG2 
9-10-18 Surface water Caffeine (µg/L) ND 0.01 180911049_REG2 
10-30-18 Septic liquid NO3+NO2-N (mg 

n/L) 
ND 0.1 180131009_REG2_ADDON 

10-30-18 Septic liquid NH3-N (mg N/L) ND 0.05 180131009_REG2_ADDON 
10-30-18 Septic liquid TKN (mg N/L) ND 0.5 180131009_REG2_ADDON 
10-30-18 Septic liquid Acesulfame (µg/L) ND 5 180131009_REG2_ADDON 
10-30-18 Septic liquid Sucralose (µg/L) ND 25 180131009_REG2_ADDON 
10-30-18 Septic liquid Caffeine (µg/L) ND 10 180131009_REG2_ADDON 

 

Sample Holding and Preservation Requirements 

Sample holding times and preservation requirements were met for all ground water and surface 
water samples. Samples analyzed for acesulfame, sucralose, and caffeine were extracted within 7 
days and analyzed within 14 days. The QAPP specified a 7 day holding time prior to extraction. 
Anatek did not flag any samples as having sample holding or preservation issues. 

Sample holding and preservation requirements were also met for septic liquid samples analyzed 
for acesulfame, sucralose, and caffeine. DEQ requested Antaek re-analyze sucralose in septic 
liquid samples (including the field blank and field duplicate) after Antatek initially reported 
sucralose was below detection with a pql of 100 µg/L. Anatek re-analyzed an acidified aliquot of 
each sample on 12/5/18, 36 days after the sample was collected. Anatek staff reported they 
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expected the acidified aliquot to be stable (Mark Ritari, personal communication, 11/27/2018), 
and did not assign any qualifier to revised results.  

Sample holding times were not met for septic liquid TKN and NH3-N analyses. Anatek reported 
septic liquid results to DEQ on 11-26-2018. Because NO3+NO2-N results were below detection, 
DEQ requested Anatek also analyze TKN and NH3-N using remaining septic liquid sample. 
Anatek analyzed NH3-N on 11-28-2018, and TKN on 12-3-2018; both analyses exceeded the 28-
day holding time. Samples were acidified in the field with H2SO4 prior to analysis. Because 
holding times were not met, NH3 and TKN results may not accurately reflect nitrogen speciation 
in septic liquid samples. In this report, TKN results were only used to calculate total nitrogen in 
septic liquid by summing TKN and NO3+NO2-N results.  

Data Representativeness 

Data representativeness is the degree to which the sample data accurately and precisely represent 
site conditions. The project QAPP did not provide specific representativeness criteria. Field 
sampling and laboratory analysis followed standard procedures, samples were collected at 
representative locations, accuracy and precision requirements were met. DEQ does not believe 
sucralose, TKN and NH3-N holding time issues described above significantly affects data 
representativeness. All project data therefore are considered adequately representative for 
purposes of this project.  

Data Comparability 

Comparability is the confidence with which one data set can be compared to another data set. 
The project QAPP did not specify comparability criteria. Because standard sampling and 
laboratory procedures were followed, procedures were consistent with those used in other similar 
studies, and no issues were identified during project data verification and validation, all data are 
considered adequately comparable.  

Data Completeness 

Data completeness is the percentage of valid data relative to the total possible data points. 
Because no sample results were rejected, project data completeness is 100%. 

Conclusion 

DEQ requires several internal quality assurance procedures. These include consultation with the 
DEQ quality assurance manager, registration of the project in a tracking spreadsheet, completion 
of three standardized quality assurance checklists, and review of all quality assurance data 
points. Project quality assurance goals were met. DEQ therefore considers all project data 
adequate for use in this report.  
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Executive Summary

Lindsay Creek is a tributary to the Clearwater River In Nez Perce County, Idaho. Lindsay Creek is

listed as impaired under the Clean Water Act by nitrate plus nitrite nitrogen (NO3+NO2-N),

suspended sediment (measured as total suspended solids [TSS]), and bacteria {Escherichia coli).

In August 2020, the Idaho Department of Environmental Quality (DEQ) established a long-term

stream monitoring program in response to information gaps Identified by local stakeholders

and technical experts in the Lindsay Creek Watershed Advisory Group. This report documents

methods and results associated with all DEQ monitoring across water years 2021-2023 (October

2020-September 2023). A previous DEQ report also documented water year 2021 monitoring.

Monitoring objectives were to (1) measure dally average flow In Lindsay Creek, (2) estimate

dally (pounds [lbs]/day) and water year annual (lbs/year) TSS, NO3+NO2-N, total kjehldahl

nitrogen (TKN), and total nitrogen (TN) loads in Lindsay Creek, and (3) implement a pilot

continuous monitoring program for nitrate and turbidity.

A stream gage was established to estimate streamflow at 15-mlnute Intervals and calculate

dally average streamflow. Streamflow estimated from the stream gage ranged from 1.7-12.2

cubic feet per second (cfs) across water years 2021-2023, and dally average flow ranged from

2.3-7.0 cfs across water years.

During water years 2021-2023, Lindsay Creek exported 66,976-76,364 pounds of nitrogen per

water year (lbs N/yr) (average: 72,157 lbs N/yr) to the Clearwater River. DEQ has high

confidence in nitrogen annual load estimates. The average stream N load represents enough N

to fertilize 600 acres of wheat cropland, or roughly 10% of wheat cropland area (assuming a

fertilizer N application rate of 120 lbs N/acre). The average stream N load is also 2.5 times

greater than the total annual nitrogen load discharged from septic svstems into ground water

(27,912 lbs N/yCr^assuiT^ng each of the 814 septic systems discharges 250 gallons/dav at 45 mg
N/L, based on septic system design flows tor 3-bedroom single-family dwellings mJDAP^

58.01.03.08^anjd the defauLtconcentratlon from PfQ^gujdance fo?^
Evaluations). Approximately 90% of exported N (87-89%) was In the form of NO3+NO2-N.

NO3+NO2-N concentrations ranged from 6.3-9.5 mg N/L and all samples exceeded the 2 mg N/L

target established In the Lindsay Creek total maximum dally load (TMDL).

During water years 2021-2023, Lindsay Creek exported at least 250,000 lbs of TSS to the

Clearwater River. Annual load estimates ranged from 229,865-267,598 Ibs/yr, but these are

underestimates. Load estimation methods used do not adequately capture sub-dally TSS

concentration peaks associated with rain events. A pilot continuous turbidity monitoring

program was implemented starting In 2022 to address this Issue and shows potential for

Improving accuracy of TSS load estimates in future years. TSS concentrations in laboratory-

analyzed samples ranged from 8.2-353 mg/L and exceeded TMDL targets (80 mg/L daily

average, 50 mg/L monthly average) on several occasions. TSS concentrations estimated based

on continuous turbidity monitoring also showed numerous turbidity spikes exceeding 100 mg/L
TSS associated with rain events.

VII
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1 Introduction

Lindsay Creek is a tributary to the Clearwater River in Nez Perce County, Idaho (Figure 1). The

Idaho Department of Environmental Quality (DEQ) identified Lindsay Creek as impaired under

the Clean Water Act by nitrate plus nitrite nitrogen (NO3+NO2-N), suspended sediment

(measured as total suspended solids [TSS]), and bacteria {Escherichia coli). In 2007, DEQ

developed a water quality improvement plan required under the Clean Water Act, the Lindsay

Creek Watershed Assessment and Total Maximum Daily Loads (TMDLs) (DEQ 2007). In 2019,

DEQ completed a periodic review of these TMDLs required by Idaho Code § 39-3615 (DEQ

2019). As required by Idaho Code § 39-3611(8), DEQ developed the TMDLs and TMDL review in

consultation with the Lindsay Creek Watershed Advisory Group (WAG), which includes local

watershed stakeholders representing diverse interests.

In 2019, the Lindsay Creek WAG recommended DEQ form a technical working group composed

of WAG members and other technical experts to identify information needed to select and

prioritize water quality improvement actions. DEQ hosted several technical working group

meetings in December 2019. The group recommended DEQ (1) conduct additional sediment

monitoring to better characterize current stream TSS patterns, (2) develop a budget of

watershed nitrogen inputs and outputs, and (3) further pinpoint Escherichia coli sources.

In 2020, DEQ started a long-term stream monitoring program in response to these

recommendations. The monitoring program is designed to measure daily (pounds [lbs]/day)

and annual (lbs/year) sediment and nitrogen loads near the Lindsay Creek mouth. This report
documents methods and results for monitoring conducted from October 2020 through

September 2023 (water years 2021-2023).

This monitoring program addresses several information needs identified by the technical

working group. It addresses the recommendation for additional sediment monitoring by

monitoring TSS and measuring turbidity at 15-minute intervals using a water quality sonde. The

monitoring program will also help DEQ develop a watershed nitrogen inputs/outputs budget. In

a separate project, DEQ will use annual stream nitrogen load estimates generated through this

monitoring program to estimate stream nitrogen outputs for an inputs/outputs budget. DEQ is

also addressing the workgroup recommendations to better document Escherichia coli sources

and their relative contribution through a separate project.

2 Objectives

Monitoring program objectives were:

Measure daily average flow in Lindsay Creek (Figure 1).

Estimate daily (lbs/day) and water year annual (lbs/year) TSS, NO3+NO2-N, Kjeldahl

nitrogen, and total nitrogen (TN) in Lindsay Creek.

Establish continuous measurement of nitrate and turbidity in Lindsay Creek.
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Figure 1. Lindsay Creek watershed, monitoring site, and stream assessment units used for Clean
Water Act reporting purposes.

3 Methods

All monitoring occurred near the mouth of Lindsay Creek at Odom Park {Figure 1). The property

owner provided DEQ written permission to access the site and collect water quality data. DEQ

established a stream gage to measure water level every 15 minutes and collected at least

paired streamflow and water quality samples each year following procedures described below.

Before sampling, DEQ documented planned laboratory methodology, quality assurance/quality

control (QA/QC) procedures, and data quality objectives in a quality assurance project plan and

field sampling plan (FSP). QA/QC data collected during the project and compliance with project

data quality objectives and criteria are documented in a separate report for water year 2021

(DEQ 2021), and in Appendix A and Appendix B for water year 2022 and 2023.

3.1 Streamflow

3.1.1 Discrete Streamflow

DEQ measured streamflow each time a water quality sample was collected and as needed to

develop a streamflow rating curve for the site (> 20 times per year). Streamflow was measured

using a portable electromagnetic velocity meter (Hach FH950) and the velocity-area method. A

stream transect was established perpendicular to streamflow. The transect was divided into
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0.5-foot-wide cells, and water depth and velocity were measured In the center of each cell.

Velocity was measured at 60% of maximum depth within each cell. Discreate streamflow was

calculated by summing the product of velocity and area measurements calculated from each
cell.

3.1.2 Continuous Streamflow

Continuous streamflow was estimated using a rating curve approach. A vented pressure

transducer (Onset Hobo MX-2001) was deployed In a polyvinyl chloride stilling well secured

within the stream channel on October 5, 2020. The gage was adjusted and reinstalled on

October 8, 2021. The pressure transducer recorded water depth every 30 minutes from 10-5-

2020 to 10-7-2021 and every 15 minutes starting 10-8-2021. Paired water depth and

instantaneous streamflow measurements were used to develop rating curves predicting flow

from water level using methods described in detail in Appendix C. Rating curves were used to
estimate streamflow at 30-minute intervals for 10-5-2020 to 10-7-2020 and 15-minute intervals

for 10-8-2021 through 9-30-2023.

:•«»»»

■vri - '.i:

Figure 2. Lindsay Creek instream monitoring station, equipped with data logging pressure
transducer.

3.1.3 Precipitation

A rain gauge (Texas Electronics TR-525-USW 8-inch tipping bucket gage) deployed at Sunset

Park In Lewiston by DEQ's air quality program measured precipitation amount at 15-minute

intervals. Sunset Park is located slightly outside the Lindsay Creek watershed.
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3.2 Water Chemistry

3.2.1 Discrete Samples

Discrete grab water samples (Table 1) were collected from the stream thalweg by submerging a

sample bottle below the stream surface. Water samples were analyzed at Anatek Labs in

Moscow, Idaho. At least one field duplicate and one field blank sample were collected for every

20 regular samples. IN was calculated as the sum of NO3+NO2-N and TKN.

Table 1. Analytical method, container, holding time, and reporting limit for parameters analyzed by
Anatek Labs.

Parameter Method Units Preservative Container
Hold

Time
PQL

TSS APHA 2540-D mg/L 4°C 1 L plastic 7 days 1

NO3+NO2-N APHA 4500-

N03{F)
mg N/L

TKN APHA 4500-

N(ORG) C
mg N/L

H2SO4. to pH < 2, 4 °C 250 mL HOPE 28 days 0.05-1

H2SO4. to pH < 2. 4 °C 250 ml HOPE 28 days 0.5

3.2.2 Discrete Sonde Measurements

A YSI EXO 1 multiparameter sonde was used to measure discrete turbidity (FNU), temperature

("C), conductivity (pS/cm), and specific conductivity (pS/cm) in the field each time a grab sample

was collected. The EXOl sonde and associated sensors were calibrated following manufacturer

protocols within 24 hours before each sample event. Field replicate sonde measurements were

collected periodically and are documented in a separate report for water year 2021 (DEQ 2021)

and in Appendix B and Appendix C for water years 2022-2023.

3.2.3 Continuous Sonde Measurements

Beginning in spring 2022, a YSI EX02 multiparameter sonde was deployed in Lindsay Creek to

log water quality data on a continuous basis (15-minute interval). The sonde measures nitrate

concentrations and is equipped with an EXO NitraLED ultraviolet (UV) Nitrate Sensor. Over the

course of deployment, the sonde's operation has been subject to continuous refinement, which

is discussed in Appendix D.

The nitrate sensor requires co-deployment of an EXO Turbidity Smart Sensor and an EXO

Conductivity & Temperature Smart Sensor. Continuous data collection using these sensors

requires an EXO Central Wiper to keep sensor faces clear of debris and fouling. These additional

devices have been obtained for dedicated co-deployment with the EX02 sonde.

3.2.4 Continuous TSS Estimates

Continuous turbidity data measured by the EX02 sonde were used to predict continuous TSS

(mg/L). Paired field turbidity measurements and TSS lab results were used to develop a linear

regression predicting TSS from turbidity (Figure 3). Separate regressions were developed using

EXOl discrete and EX02 continuous turbidity data. The linear regression equation developed
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based on EXOl discrete data (TSS = 3.05423*turbiditv + 9.24134, = 0.9282) was applied to

EX02 continuous data to predict continuous TSS. The regression based on EXOl data was used

because the relationship between turbidity and TSS was very similar for both EXOl and EX02

turbidity measurements, and the paired EXOl turbidity and TSS dataset included more data and

a larger turbidity range (Figure 3). When the regression equation was applied to EX02 turbidity

data to predict TSS, predicted TSS performed relatively well. Comparing regression-predicted

and lab-measured TSS, average bias (predicted - observed) was 0 mg/L TSS (median -1.14 mg/L,

range -31 to 78 mg/L). A figure comparing predicted and lab-measured TSS is included in the
results section.

EXOl EX02
B
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25 50 75

Turbidity (FNU)
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CO 200-
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£
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100 200

predicted TSS (mg/L)

300

Figure 3. Relationship between turbidity and TSS (A) and comparison of measured TSS and TSS
predicted based on turbidity using linear regression. In A, grey shaded areas are regression line
95% confidence intervals. In B, the dashed line is the line of perfect fit.

3.3 Baseflow Estimates

Baseflow is the component of streamflow from groundwater and long-term subsurface

drainage (Brooks et al. 2013). It reflects water that infiltrates the soil and percolates down to

become part of long-term subsurface storage. In contrast, 'quickflow' is the streamflow

component from precipitation that quickly enters a stream through surface or shallow

subsurface pathways. The baseflow component of streamflow was estimated at a daily time

step using US Geological Survey (USGS) Hydrologic Toolbox version 1.0 (Barlow et al. 2022). The

Hydrologic Toolbox applies six different hydrograph separation methods to estimate baseflow

amount (cubic feet per second [cfs]) and baseflow percentage (%) on a daily time step using
each method.
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These hydrograph separation methods have several assumptions that may not be met for

Lindsay Creek. The assumptions are (1) all groundwater recharge either discharges to the

stream or is iost through riparian evapotranspiration, (2) there is no loss of groundwater to

underlying regional aquifers or to groundwater withdrawals, and (3) groundwater recharge is

relatively uniformly distributed over the watershed, rather than focused on specific areas

(Barlow et al. 2015). Hydrograph separation methods may have reduced accuracy where

groundwater pumping, stream diversions, or irrigation inputs are a substantial component of

low flow conditions, in the Lindsay Creek watershed, groundwater pumping, irrigation inputs,

and loss to underlying aquifers occur, but the magnitude of these processes is not known, so

their effect on baseflow estimate accuracy is not clear. Baseflow estimates for Lindsay Creek

should be interpreted cautiously.

3.4 Pollutant Load Estimates

Daily (ibs/day) and water year annual (ibs/year) TSS, NO3+NO2-N, TKN, and TN loads were

estimated using USGS load estimator (LOADEST) software (Runkel et al. 2004). Paired

instantaneous streamfiow and concentration data were used with LOADEST to develop

pollutant-specific adjusted maximum likelihood regression equations predicting daily loads

from daily average flow. Ail paired measurements collected October 2020-September 2023

were used to develop regression equations. The best-fit regression equation for each pollutant

was selected by LOADEST software based on Akaike Information Criteria (AiC) values.

Pollutant-specific regression models developed were then used to estimate daily loads from

stream gage daily average flows. Because of a stream gage battery failure, daily average flow

data were not available for 10/1/2022 through 10/27/2022. Daily average flow was estimated

during this period using a linear regression model predicting daily average flow based on the

daily precipitation total and the prior day's daily average flow (daily average flow = 0.061059 +

(0.977231*prior day daily average flow) + (0.942946*dally precipitation total, r^ = 0.98).

LOADEST outputs included estimated daily loads, average daily loads for each month, and

upper and lower 95% confidence intervals for average daily loads for each month (Runkel et al.

2004). Total water year loads were calculated as KLmonth * Dmonth), where Lmonth is the mean

daily load for the month, and Dmonth is the number of days during the month. Water year upper

and lower bound estimates were calculated using upper and lower bound 95% confidence

interval daily average loads for the associated month. Annual loads were calculated for water

years 2021-2023. LOADEST input and output files are included in online supporting materials

{https://cloi. org/i 0.17605/OSF. lO/GRPVK).
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4 Results

4.1 Streamflow

Discrete streamflow ranged from 2.2 to 7.2 cfs across years (Figure 4). Continuous streamflow

predicted by the site rating curve ranged from 1.7 to 12.2 cfs. Rating predicted streamflow

generally agreed well with measured flow (Appendix C). Daily average streamflow estimates

ranged from 2.3 to 7.0 cfs across years.

The highest rating-predicted streamflow was 12.2 cfs on June 9, 2023. This occurred during a

large brief flow peak (Figure 4) associated with a 50-year flash flood event. DEQ's rain gage at

Sunset Park in Lewiston recorded 0.73 inches of precipitation during a 15 minute period. In

Lewiston, the event caused localized flooding that damaged roads and other infrastructure and

prompted the City of Lewiston to declare a local emergency.

No rating-predicted instantaneous or daily average streamflow data are available 10/1/2022

through 10/27/2022 due to an equipment failure. Pressure transducer batteries died sometime

during this period and water level data were lost.
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Figure 4. Precipitation (top) and stream flow (bottom) patterns. For flow, circles are measured
instantaneous flow and the grey line is gage-predicted flow. Dashed vertical lines indicate
start/end of a water year.
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Figure 5. Streamflow and discrete sample water quality patterns July 2020-September 2023. For
flow, points are measurements and the line Is gage-predicted Instantaneous flow. Dashed vertical
lines Indicate the beginning of a new water year.
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4.2 Water Chemistry

4.2.1 Discrete Measurements

Discrete water chemistry measurements, including both grab samples sent for laboratory

analysis and EXOl sonde measurements, are shown in Figure 5 and summarized in Table 2.

Table 2. Instantaneous water chemistry.

Statistic Water Year Water Year Water Year
Parameter 2021 2022 2023

NO3+NO2-N N 21 21 22

(mg N/L) Minimum 7.2 6.3 6.6

Maximum 9.6 8.8 9.5

Mean 8.6 7.5 8.3

Median 8.6 7.5 8.3

TKN N 21 21 22

(mg N/L) Minimum <0.5 <0.5 <0.5

Maximum 3.49 2.35 4.3

Mean 1.1 1.0 1.2

Median 1.2 1.0 1.2

TSS N 21 21 22

(mg/L) Minimum 8.8 8.2 8.6

Maximum 353 83.8 133

Mean 45.2 32.0 33.3

Median 45.2 32.0 33.3

Turbidity N 21 21 22

(FNU) Minimum 0.3 0.03 1.2

Maximum 102 50 38.0

Mean 10.2 9.2 8.2

Median 10.2 9.2 8.2

Specific N 20 18 22

conductance
Minimum 1,011 1,063 1,014

(pS/cm)
Maximum 1,233 1,319 1,288

Mean 1,168 1,197 1,179

Median 1,168 1,197 1,179
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4.2.2 Continuous Sonde Measurements

Continuous nitrate and turbidity data from the EX02 sonde collected are summarized in in

Table 3 and presented in Figure 6 and Figure 7. The continuous sonde was not in operation for

WY2021 and part of WY2022 (Appendix D).

Table 3. Continuous water chemistry.

Parameter
Statistic Water Year

2021

Water Year

2022

Water Year

2023

NO3

(mg N/L)

Turbidity

(FNU)

N 7.779 26,200

Minimum

Maximum

Mean

Median

4.1

15.4

8.8

4.0

15.9

8.4

N

Minimum

Maximum

Mean

Median

9,760

3.6

150.1

9.0

10.1

26,200

0.9

199.3

6.1

9.0

20-

15-

10-

2022-07 2023-01 2023-07

Figure 6. Patterns of nitrate-nitrogen (mg N/L) measured at 15-mlnute intervals using an EX02
sonde (blue circles), laboratory-measured nitrate plus nitrite (mg N/L) from discrete water samples
(orange triangles), and stream gage instantaneous streamflow (cfs) (grey line).
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Figure 7. Patterns of gage-predicted streamflow (top), TSS concentrations predicted at 15-mlnute
intervals based on continuous EX02 turbidity measurements (grey circles), and laboratory-
measured TSS from discrete water samples (orange triangles) (bottom).
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4.3 Baseflow Estimates

Daily baseflow percentage ranged from 50% to 100%, with mean baseflow percentage ranging

from 80.3% to 99.4% {Figure 8 and Table 4).
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Figure 8. Daily baseflow percentage estimated using different hydrograph separation methods
available in USGS Groundwater Toolbox Software.

Table 4. Daily baseflow percentage summary statistics for water years 2021-2023 based on USGS
Groundwater Toolbox Software outputs.

Method Minimum Maximum Mean Median

BFI modified 68.3 ICQ 97.2 98.4

BP! standard 68.3 100 97.2 98.4

BFLOW 50 100 95.7 97.7

HySEP-Flxed 71.6 ICQ 98.3 99.3

HySEP-LocMIn 69.5 100 97.9 99.1

HySEP-Slide 73.5 100 98.3 99.1

PART 73.8 100 98.2 99.4

TwoPRDF 57.5 100 80.3 80.3

4.4 Pollutant Load Estimates

Pollutant-specific annual loads estimated using LOADEST are presented in Table 5. LOADEST

model performance statistics and regression model parameter estimates are included in Table 6

and Table 1, respectively. Daily load estimates are plotted In Figure 9 and Figure 10.



Lindsay Creek Monitoring Report 2021-2023

During water years 2021-2023, the LOADEST TN model predicted Lindsay Creek exported

66,976-76,364 lbs of N per water year {average: 72,157 lbs N/yr) (Table 5). Approximately 90%

of exported N (87-89%) was in the form of NO3+NO2-N each water year.

During water years 2021-2023, LOADEST predicted Lindsay Creek exported 229,865-267,598 lbs

of TSS per water year (average: 247,500 lbs of TSS per water year). LOADEST predictions likely

underestimate annual loads because discrete sampling and the LOADEST model do not

adequately capture TSS peaks that occur during rain events (Figure 7).

Water year 2021 LOADEST regression equations and load estimates presented here are slightly

different than those reported in the water year 2021 annual report (DEQ 2021) because this

analysis used all available paired measurements (October 2020-September 2023) to develop

regression models, whereas previously only water year 2021 data were used. In addition, dally

average flows for water year 2021 were updated after updating the water year rating curve

(see Appendix C).
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Figure 9. Dally NO3+NO2-N, TKN, and TN load estimates October 2020-September 2022.
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Figure 10. Daily total suspended solids (TSS) load estimates October 2020-September 2022.

Table 5. Water year load estimates.

Parameter
Water Year 2021 (lbs) Water Year 2022 Load (lbs) Water Year 2023 (lbs)

Load Lower Upper Load Lower Upper Load Lower Upper

NO2+NO3-N 68,250 64,522 72,136 59,370 56,043 62,841 63,853 60,143 67,732

TKN 8,974 7,253 10,986 7.601 6,180 9,254 8,318 6,718 10,195

TN 76,364 72,017 80,904 66,976 63,025 71,111 73,131 68.691 77,785

TSS 267,598 183,823 376,928 245,038 159,176 362,750 229,865 158,374 323,116

Table 6. LOADEST model performance statistics.

Load Partial

Parameter r^ Bias Load EC

(%r Ratio"

NO2+NO3-N 94.94 -2.758 0.972 0.650

TKN 60.94 -1.874 0.981 0.731

TN 93.11 0.018 1.000 0.928

TSS 64.29 -7.249 0.928 0.439

a. Load bias (%) is the average % difference between observed and estimated loads.
b. Partial load ratio is the sum of estimated loads divided by the sum of observed loads.

c. E = Nash Sutcliffe Efficiency Index; E ranges from negative infinitive to 1.0; E=1 is perfect fit, E=0 indicates the
model is as accurate as the mean of observed data; E<0 indicates the observed mean is a better estimate than
model estimates.
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Table 7. LOADEST regression models and coefficients.

Parameter Model aO a1 a2 a3 a4 aS a6

NO2+NO3-N 9^ 4.3278 0.8253 -0.1198 0.0077 0.0976 -0.0323 0.0760

TKN 2b 2.1745 1.8347 1.6252 — — — —

TN 9^ 4.4485 1.0549 0.2123 -0.0081 0.0595 -0.0130 0.059

TSS 5.3411 3.3465 4.2047 0.4072 -0.5978 — —

a. Ln(Load) = aO + a1 LnQ + a2 LnQ'^2 + aS Sin(2 pi dtime) + a4 Cos(2 pi dtlme)+ a5 dtime + a6 dtime'^2
b: Ln(Load) = aO + a1 + LnQ + a2 LnQ'^2
c: Ln(Load) = aO + a1 LnQ + a2 LnQ'^2 + a3 Sin(2 pi dtime) + a4 Cos(2 pi dtime)
Note: LnQ = Ln{Q) - center of Ln(Q) (1.3803), and dtime = decimal time - center of decimal time (2021.629).

5 Comparison to Historic Data

Although DEQ's long term monitoring program began in 2020, some comparable data collected

before 2020 are also available. Paired discrete flow and water chemistry grab samples were

collected by the Idaho Association of Soil and Water Conservation Districts during water years

2001-2002 (lASCD 2002) for development of the TMDL (DEQ 2008), by DEQ during water years

2008-2009, and by DEQ during 2018 (DEQ 2018). Data collection followed comparable or the

same field and laboratory methods to those described here. For these historic datasets, only
discrete stream flow was measured; a stream gauge was not Installed so continuous flow data
are not available.

I Water year 2020-2023 NO3+NO2-N concentrations were similar to those measured during water
I year 2018, but were consistently higher than those measured during water years 2001-2002
/ and 2008-2009 (Figure 11). Streamflow and NO3+NO2-N concentrations show a slight
decreasing trend since 2018, but most results since 2018 were higher than In water years 2001-

\ 2002 and 2008-2009.
Concentration and streamflow patterns in Figure 11 may be partly driven by Inter-annual

precipitation amount and trend direction in preceding years. Figure 13 shows annual water year

precipitation totals measured at the Lewlston airport. Low flow and NO3+NO2-N for water years

2008-2009 occurred at the tail end of two consecutive years of low precipitation and following

a decreasing precipitation trend across preceding years. High flows and concentrations in 2018

occurred after two consecutive years of relatively high precipitation and an increasing trend

across preceding years. A slight decrease in flows and concentrations in water year 2022

occurred following low precipitation water year 2021. In general, the direction of inter-annual

flow and NO3+NO2-N concentration patterns appear to follow the same general pattern as

Inter-annual precipitation patterns, but with a time lag. It Is common for stream nitrogen

concentration and load patterns to be affected by precipitation and water table levels or trends

In preceding years (called antecedent hydrologic conditions) (Davis et al. 2014, Murphy et al.

2014; Baeumler and Gupta 2020), and this may be the case In Lindsay Creek. The precipitation

amount In preceding years may affect water table levels, and thereby the volume of stored

subsurface soil N with an active subsurface transport pathway to a stream channel. However,
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significant land use changes have also occurred since 2000, including increased urbanization,

addition of hundreds of new septic systems, changes to farming practices, and other changes.

The relative contribution of climate patterns and land use changes to Figure 11 patterns is not

fully clear. Continuing long-term monitoring will likely help clarify trend drivers.
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Figure 11. Stream flow (cfs) and nitrate + nitrite (mg N/L) patterns at the Lindsay Creek mouth by
water year, across all data 2001-2023.
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Figure 12. Total annual precipitation (inches) measured at the Lewiston airport by water year,
1996-2022.

6 Data Availability

Discrete water chemistry and streamflow data are publicly available through the Water Quality

Portal, a national public water quality data repository. Data are attached to site IDEQ_WQX-

2018LEWLC1. Download site data by clicking this link:
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https://www.waterqualitydata.us/data/Result/search?siteid=IDEQ_WQX-

2018LEWLCl&mimeType=csv&zip=yes&dataProfile=resultPhysChem&providers=NWIS&provider

s=STEWARDS&providers=STORET. Data and R code used for analyses described in this report

are publicly available at https://doi.org/lO.i7605/OSF.io/GRPVK.
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Appendix A. Water Year 2022 Quality Assurance/Quality
Control

A1 Background and Purpose

The Idaho Department of Environmental Quality (DEQ) documented planned laboratory

methodology, quality assurance/quality control (QA/QC) procedures, and data quality

objectives in a quality assurance project plan (QAPP) (DEQ 2019) and field sampling plan (FSP)

(DEQ 2022) before sampling.

Data quality objectives and criteria were defined for data precision, accuracy, measurement

range, representativeness, comparability, and completeness. This appendix reviews QA/QC

data collected during the project and evaluates if data quality objectives and criteria in the
QAPP and FSP were met.

A2 Precision

Precision is a measure of agreement between two measurements of the same parameter under

prescribed conditions. Field duplicates were used to evaluate precision for water quality

parameters evaluated at the analytical laboratory (nitrate plus nitrite nitrogen [NO2+NO3-N],

total Kjeldahl nitrogen [TKN], and total suspended solids [TSS]). The project QAPP defined

precision data quality objectives based on the relative percent difference (RPD) of field

duplicates (Equation A-1):

_ (^1 ~ ^2) . QQ Equation A-1. Relative percent difference
(Ci-C2)/2

Where:

Ci = concentration in first sample

C2 = concentration in the second or duplicate sample

If one or both Ci and C2 are < 5 times the method detection limit (MDL), the results will be

considered within control limits provided Ci and C2 are ± MDL. The laboratory results compiled

during this water year were reported with a Practical Quantitation Limit (PQL), equivalent to an
MDL

The QAPP set a RPD goal of ±25% for low-level concentrations (< 20 x minimum detection limit)

and ± 10% for high level concentrations (> 20 x minimum detection limit), with a maximum

allowable RPD of +/-50%. These goals were achieved for all field duplicate samples (Table A-1).

No data were qualified or rejected based on RPD results.
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Table A-1. Field duplicate results.

Sample
Date

Parameter Location
Original
Result

Duplicate
Result

PQL RPD (%) Lab Report

1-20-2022

1-20-2022

NO3+NO2-N (mg/L)

TKN (mg/L)

LCI

LCI

8.76

1.61

8.43

1.42

0.05

0.5

3.84

12.54

MCA0478

MCA0478

1-20-2022 TSS (mg/L) LCI 43.2 44.7 1 -3.41 MCA0478

For laboratory samples, the FSP requires field duplicates to be 5% of samples collected. A total

of 21 regular samples were submitted to the laboratory, and one set of field duplicate samples

was collected (4.8% field duplicate frequency).

The 2021-2022 FSP established a 10% field duplicate requirement for field measured

parameters (flow, turbidity, specific conductivity, and temperature). These measurements are

subject only to duplication as blank testing (e.g., zero flow) is not readily achievable under field
conditions.

Field duplicates for flow, measured with a Hach FH950 Flowmeter, were collected three times,

13% of the 23 times that flow was measured at the site (two flow measurements are included

from gage maintenance events, in addition to the 21 monitoring events). Two of these

duplicates were collected for the same sampling event by different operators, with different

devices. RPDs for these field duplicate measurements were < 25% (Table A-2).

Table A-2. Relative percent difference results for flow measurements.

Date Parameter Device (Serial Number) Operator
Original
Result

Duplicate
Result

RPD (%)

4-11-21 Flow (cfs) Hach FH950 (160701003311) JW 4.298 4.34 -0.97

5-6-22 Flow (cfs) Hach FH950(160701003311) JW 5.31 5.15 3.06

5-6-22 Flow (cfs) Hach FH950 (120581001008) DM 5.31 5.144 3.18

Field duplicate water quality observations were collected with a YSI EXOl multiparameter

sonde during two sampling events (9.5% of the 21 sampling events where the sonde was used).

RPD results for these field duplicate measurements were < 25% (Table A-3).

Table A-3. Relative percent difference results for field parameters measured with a YSI EXO
multiparameter sonde.

Date Parameter Original Result Duplicate Result RPD (%)

11-4-21 Turbidity (FNU) 0.95 0.91 4.3

Specific Conductance (pS/cm) 1219.7 1219.8 -0.01

Temperature ("C) 8.318 8.316 0.02

6-6-22 Turbidity (FNU) 50.01 49.9 0.22

Specific Conductance (pS/cm) 1139 1139 0.00

Temperature (°C) 13.361 13.361 0.00
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A3 Accuracy

Accuracy is a measure of the agreement between a known true reference value and the

associated measured value. Accuracy of parameters analyzed at the laboratory was evaluated

based on laboratory quality control samples and field blanks.

Field blanks were used to check for possible contamination of samples (analyte gain) during

sample collection and processing for NO2+NO3-N, TKN, and TSS. The FSP requires 5% of samples

to be field blanks. One set of field blank samples was collected for 21 regular laboratory

samples {4.8% field blank frequency). All field blank results were below the laboratory PQL

(Table A-4) and met project data quality objectives.

Table A-4. Sample and field blank laboratory results.

Sample Date Parameter Sample result Field blank result

3-24-22 NO3+NO2-N (mg/L) 8.65 Not detected

3-24-22 TKN (mg/L) 0.941 Not detected

3-24-22 TSS (mg/L) 19.8 Not detected

Analytical methods used by Anatekto quantify NO2+NO3-N (APHA4500-N03(F)) and TKN (APHA

4500-N(ORG) C) require multiple laboratory quality control measures including laboratory

control and laboratory matrix spike samples. The analytical method for TSS (SM 2540 D) is

subject to duplicate laboratory analysis. If results from these samples do not meet method or

laboratory data quality goals, Anatek notes this in their reports by assigning laboratory

qualifiers.

For this monitoring period, Anatek provided the following qualifications on their QC data

(Table A-5). For TSS QC, seven laboratory duplicate results over the course of the monitoring

period failed to meet the prescribed method acceptance RPD limit limit of 5%. For nitrate QC,

two matrix spikes returned lower than acceptable recovery due to a suspected matrix effect.

Anatek advises that none of the internal QC processes were performed on DEQ samples. No

qualification was assigned to actual reported results for these analytes. DEQ has not rejected

any results based on the QC qualifications listed in Tabie A-5.

Table A-5. Anatek QC qualifications.

Date Analyte Qualifier Description

11-4-21 TSS Duplicate 1 R1: RPD/RSD exceeded the method acceptance limit

TSS Duplicate 2 R1: RPD/RSD exceeded the method acceptance limit

TSS Duplicate 3 R1: RPD/RSD exceeded the method acceptance limit

12-6-21 TSS Duplicate 3 R1; RPD/RSD exceeded the method acceptance limit

12-20-21 TSS Duplicate 1 R1: RPD/RSD exceeded the method acceptance limit

3-24-22 TSS Duplicate 1 R1: RPD/RSD exceeded the method acceptance limit

TSS Duplicate 2 R1; RPD/RSD exceeded the method acceptance limit

9-30-22 Total Nitrate/Nitrite

Matrix Spike
M2: Matrix spike recovery was low; the associated blank spike recovery was
acceptable. Potential matrix effect.
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Date Analyte Qualifier Description

Total Nitrate/Nitrite

Matrix Spike 2
M2: Matrix spike recovery was low; the associated blank spike recovery was
acceptable. Potential matrix effect.

A3.1 Revised Laboratory Data

An initial laboratory report (MCAGllO-Ol) for a water quality sample collected on 01-19-2022

returned a TSS result of 1,110 mg/L. This value exceeded previous maximum TSS values for the

site by approximately a factor of 10. Jason Williams (DEQ) sought confirmation of this result

from Anatek and was informed that this value was erroneous. The report was revised and

reissued by Anatek with a TSS result of 43.7 mg/L. DEQ accepted this updated result. No other

parameters were affected.

A4 Measurement Range

The QAPP states "appropriate measurement range is determined by comparing the results of

the laboratory reporting levels or MDLs. Reporting requirements are determined prior to

sampling through review of historical data for the analytes and region of interest..." (DEQ

2019). For all parameters analyzed at the laboratory, laboratory PQLs are below typical

observed concentrations and are adequate for this project. The only recorded sample result

below PQL was for the sample collected on 5-26-2022, for which TKN was reported as "Not

Detected" by the laboratory (where PQL was 0.500 mg/L). For this project, TKN is an additional

analyte that indicates the contribution of other, non-nitrate/nitrite sources of N to the water

body.

A5 Representativeness

Data representativeness is the degree to which the sample data accurately and precisely

represent site conditions. The project QAPP and FSP do not provide specific representativeness

criteria; however, the QAPP did provide guidelines for evaluating representativeness (DEQ

2019). Because field sampling and laboratory analysis followed standard procedures,

procedures were consistent with those during previous sampling, laboratory accuracy and

precision requirements were met, and there were only minor issues with laboratory quality

assurance review. All project data satisfy representativeness requirements.

A6 Comparability

Comparability is the confidence with which one data set can be compared to another data set.

The project QAPP does not provide specific comparability criteria, but it does provide general

guidelines for ensuring data comparability (DEQ 2019). Because standard sampling and

laboratory procedures were followed, procedures were consistent with those used for previous

sampling efforts, and no issues were identified during project data verification and validation.

All project data satisfy representativeness requirements.
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A7 Sample Handling and Holding Time

Chain-of-custody forms were used to document sample custody and transfer when submitting

samples to the laboratory. The laboratory did not note any sample condition or preservation

concerns in laboratory reports. The project QAPP specified sample holding time requirements

based on parameter-specific holding time requirement information provided by the analytical

laboratory. For two TSS samples, holding times specified by the laboratory were not met. One

sample was received by the laboratory outside of the required holding time. A second was not

analyzed by the laboratory within the required holding time (Table A-6).

Table A-6. Sample holding times violations.

Analyte Method
Required
Holding
Time

Sample
Collection

Date

Sample
Transfer

Date

Analysis
Date

Actual

Hold

Time
Laboratory Qualifier

TSS APHA

2540-D
7 days 11-19-21 11-29-21 12-6-21 17 days H3 Sample was received

past holding time.

TSS APHA

2540-D
7 days 09-30-22 10-03-22 10-11-22 11 days HI Sample analysis

performed past holding
time

DEQ did not qualify or reject these results based on holding time exceedances. APHA 2540-D

has a 7-day holding time because it was originally designed for wastewater analyses, specifically

for samples collected after a settling step at a wastewater treatment facility (Glysson et al.

2000). However, Lindsay Creek does not receive discharges from a wastewater treatment

facility and suspended sediment is presumably primarily inorganic material for which holding

time is not a concern. Similar sample methods designed specifically for natural waters rather

than wastewater, such as ASTM 3977-97, have no holding time requirements. In addition,

Oudyn et al. (2012) reported that there was not a significant difference in TSS results for

samples stored at approximately 4 °C in the dark for up to 105 days. DEQ stored samples at

approximately 4 °C in the dark in a refrigerator until custody transfer to the laboratory, which

stored samples the same way until analysis.

A8 Completeness

Data completeness is the percentage of valid data relative to the total possible data points. The

project QAPP defined a completeness objective of 80%. In the FSP twice-monthly monitoring

over 12 months was planned. Twenty-one sampling events were conducted resulting in an

acceptable project data completeness of 87.5%.

A9 Conclusion

DEQ requires several internal QA procedures. These procedures include consultation with

DEQ's QA manager, registration of the project in a tracking spreadsheet, completion of three

standardized QA checklists, and review of all QA data points. Project goals for data accuracy,

precision, holding and preservation, representativeness, comparability, and completeness were
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met. DEQconsiders all project data adequate for documenting Lindsay Creek water quality

status and trends, and for use in future total maximum daily load-related applications.
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Appendix B. Water Year 2023 Quality Assurance/Quality
Control

B1 Background and Purpose

The Idaho Department of Environmental Quality (DEQ) documented planned laboratory

methodology, quality assurance/quality control (QA/QC) procedures, and data quality

objectives in a quality assurance project plan (QAPP) (DEQ 2019) and field sampling plan (FSP)

(DEQ 2022) before sampling.

Data quality objectives and criteria were defined for data precision, accuracy, measurement

range, representativeness, comparability, and completeness. This appendix reviews QA/QC

data collected during the project and evaluates if data quality objectives and criteria in the
QAPP and FSP were met.

B2 Precision

Precision is a measure of agreement between two measurements of the same parameter under

prescribed conditions. Field duplicates were used to evaluate precision for water quality

parameters evaluated at the analytical laboratory (nitrate plus nitrite nitrogen [NO2+NO3-N],

total Kjeldahl nitrogen [TKN], and total suspended solids [TSS]).

The FSP required field duplicates to be at least 5% of regular laboratory samples collected. This

requirement was met. Twenty-two regular samples were submitted to the laboratory and 2

field duplicate samples were collected (Table A-1, 9% field duplicate frequency).

Table B-1. Field duplicate results.

Sample
Date

Parameter Location
Original
Result

Duplicate
Result

PQL RPD (%)
Lab

Report

10-24-2022 NO3+NO2-N (mg/L) LCI 8.61 J 9.12 J 1.0 -5.8% MCJ0828

10-24-2022 TKN (mg/L) LCI 1.07 1.21 0.5 -12% MCJ0828

10-24-2022 TSS (mg/L) LCI 20.5 19.8 1.0 3.5% MCJ0828

3-30-2023 NO3+NO2-N (mg/L) LCI 9.05 9.22 1.0 -1.8% MDC1013

3-30-2023 TKN (mg/L) LCI 2.79 R 0.726 0.5 117% MDC1013

3-30-2023 TSS (mg/L) LCI 13.5 13.8 1.0 -2% MDC1013

R = rejected result, J = result qualified as an estimate

The project QAPP defined precision data quality objectives based on the relative percent

difference (RPD) of field duplicates (Equation A-1):

(Ci - C2)
RPD=.y

m — L2)/^

Equation A-1. Relative percent difference
(RPD).

Where:
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Ci = concentration in first sample

C2 = concentration in the second or duplicate sample

The QAPP set a RPD goal of ±25% for results < 20 x minimum detection limit and ± 10% for

results > 20 X minimum detection limit, with a maximum allowable RPD of+/-50%. In addition,

if one or both Ci and C2 are < 5 times the laboratory-reported practical quantitation limit (PQL),

the QAPP states RPD goals will be achieved if the absolute difference between Ci and C2 is <

PQL.

For field duplicate samples collected 10-24-2022, RPD goals were achieved forlKN, TSS, and

NO3+NO2-N results (Table B-1). However, the NO3+NO2-N RPD was calculated based on

adjusted results reported by the laboratory. In report MG0828, Anatek reported a detect for a

NO3+NO2-N field blank submitted along with the duplicate. In a subsequent e-mail, Anatek

stated "it appears that the Spokane lab may have had issues with carryover between samples"

that led to the field blank detect and inflated values for the NO3+NO2-N original and duplicate

sample (Gene Soloman, Anatek QA Officer, e-mail to David Mclntyre, 1-16-2023). In an e-mail,

Anatek stated the concentrations of the original and duplicate samples before laboratory

dilutions that likely introduced carryover were 8.61 and 9.12 mg N/L, which would correspond

to an RPD of -5.8% (Gene Soloman, Anatek QA Officer, e-mail to David Mclntyre, 1-16-2023).

DEQ used these values rather than the values reported in lab report MCJ0828 (original: 8.83 mg
N/L, field duplicate 11.6 mg N/L, RPD -27%) as results and for RPD calculations in Table A-1.

Anatek did not reanalyze the samples because by the time Anatek reported the MG0828 to

DEQ and DEQ inquired about potential QAQC issues, the sample was past holding time. DEQ

flagged the original and duplicate results used as estimates using a T qualifier.

For field duplicate samples collected 3-30-2023, RPD goals were achieved for NO3+NO2-N and

TSS, but not for TKN (Table B-1). DEQ inquired with Anatek about the large difference between

the original and field duplicate TKN results. In a 11/8/2023 from Anatek QA Officer Gene

Solomon to Jason Williams, Anatek stated:

As you note, the TKN results for sample LC1/MDC1013-01 (2.79 mg/L) are quite different from
your field duplicate sample LCI-B/MDCIO13-03 (0.726 mg/L), although other measurements for

the two samples (Nitrate+Nitrite, TSS) are very similar.

We have reviewed the data for these analyses, and there is nothing in the documentary record

to question either result (no dilutions, carryover issues, etc.).

MS/MSD analysis for analytical batch BDD0202 was performed using MDC1013-01 as the field

sample. The results for the MS & MSD samples showed a low recovery (55.4 and 57.8%), and
were tagged as M2-Potential Matrix Effect.

Surface water samples are not always homogeneous. It is possible that the sample aliquot used
for the TKN analysis of MDC1013-1 (LCI) might have had some small bit of organic matter (a

floaty) that wasn't present in the MS or MSD samples, and skewed the LCI result high relative to
the MS/MSD and LCl-B samples (the organic matter wouldn't have affected the N+N or TSS
values much, if at all).
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For 2023, average MS/MSD recoveries for TKIM have been around 93%. If we imagined that the

MS/MSD samples had 93% recovery on top of some 'non-floaty' TKN value, those 'non-floaty'
values would be around 0.80 and 0.93, which are much closer to the LCl-B value of 0.726 mg/L.

Higher MS recovery would put the values even closer.

As noted above, there is nothing in our documentary record to invalidate the reported result for
LC1/MDC1013-01, but if your procedure allows for it, you might consider using the result of the

field duplicate (LC1-B/MDC1013-03), based upon the similarities between LCl-B and the

MS/MSD samples.

Based on this information, DEQ chose to reject the 2.79 mg/L TKN result and use 0.726 mg/L as

the TKN result for data analysis and summary purposes. The DEQ project QA officer agreed with

this approach.

The FSP established a 10% field duplicate requirement for field measured parameters (flow,

turbidity, specific conductivity, and temperature). This requirement was met for parameters

measured with the YSI EXOl sonde (turbidity, specific conductivity, and temperature) because

22 regular and 3 field duplicate measurements were collected (13% field duplicate rate). This

requirement was met for flow after rounding because 21 regular and one field duplicate flow

measurements were collected (4.7% field duplicate rate).

The FSP and QAPP did not establish RPD goals for field-measured parameters. However, field
measurement RPD results are calculated and shown in Table A-2.

Table B-2. Relative percent difference results for field-measured parameters.

Date Parameter Original Result Duplicate Result RPD (%)

10/24/2022 Turbidity (FNU) 2.84 2.92 -2.8%

Specific Conductance (pS/cm) 1261.9 1259.4 0.2%

Temperature ("0) 9.68 9.678 0.02%

11/4/2022 Turbidity (FNU) 38.03 37.39 1.7%

Specific Conductance (pS/cm) 1161.4 1161.2 0.01%

Temperature ("C) 9.147 9.144 0.03%

9/27/2023 Flow (cfs) 3.333 3.365 -1.0%

Turbidity (FNU) 12.22 12.0 1.8%

Specific Conductance (pS/cm) 1014.4 1014.0 0.04%

Temperature (°C) 13.15 13.146 0.03%

B3 Accuracy

Accuracy is a measure of the agreement between a known true reference value and the

associated measured value. Accuracy of parameters analyzed at the laboratory was evaluated

based on laboratory quality control samples and field blanks.

Field blanks were used to check for possible contamination of samples (analyte gain) during

sample collection and processing for NO2+NO3-N, TKN, and TSS. The FSP requires 5% of samples
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to be field blanks. This requirement was met. For NO2+NO3-N and TKN, 22 regular samples and

4 field blanks were collected (18% field blanks). For TSS, 22 regular samples and 3 field blanks

were collected (13% field blanks). All field blank results were below the laboratory PQL, except

for the 10-24-2022 sample NO2+NO3-N result (Table A-3), which DEQ rejected because the

laboratory reported sample carry-over during laboratory analysis caused the detect as
described above.

Table B-3. Sample and field blank laboratory results.

Sample Date Parameter Sample result Field blank result

NO3+NO2-N (mg/L) 8.61 0.388 R

10-24-2022 TKN (mg/L) 1.07 not detected

TSS (mg/L) 20.5 not detected

NO3+NO2-N (mg/L) 7.87 not detected

1-11-2023 TKN (mg/L) 0.947 not detected

TSS (mg/L) 14.1 not detected

NO3+NO2-N (mg/L) 9.05 not detected

3-30-2023 TKN (mg/L) 0.726 not detected

TSS (mg/L) 13.5 not detected

8-7-2023
NO3+NO2-N (mg/L) 7.92 not detected

TKN (mg/L) 0.628 not detected

Accuracy was also assessed by evaluating result qualifiers assigned by the laboratory. Analytical

methods used by Anatek to quantify NO2+NO3-N (APHA 4500-N03(F)) and TKN (APHA 4500-

N(ORG) C) require multiple laboratory quality control measures including laboratory control

and laboratory matrix spike samples. The analytical method for TSS (SM 2540 D) is subject to

duplicate laboratory analysis. If results from TSS laboratory duplicates do not meet method or

laboratory data quality goals, Anatek notes this in their reports by assigning laboratory

qualifiers.

For this monitoring period, Anatek did not assign laboratory qualifiers to any DEQ sample

results. In some laboratory reports, Anatek did assign laboratory qualifiers to laboratory blank

or matrix spike results (Table A-4). DEQ evaluated those qualifiers to determine if they may

affect interpretation of DEQ sample results.

Anatek assigned a M2 qualifier indicating low matrix spike or matrix spike duplicate recovery in

several result reports. In cases where Anatek assigned a M2 qualifier based on matrix spike or

matrix spike duplicate performed on a non-DEQ sample within the analytical batch, DEQ did not

take any action. Matrix effects in an outside water sample may not be representative of those

in Lindsay Creek stream water. Anatek assigned M2 qualifiers to TKN matrix spikes conducted

on DEQ samples collected 11-4-2022 and 3-30-2023. DEQ did not qualify or reject the 11-4-

2022 TKN result (4.32 mg/L). While this result was the highest TKN concentration since

sampling began in 2020 by over 1 mg/L, the sample was collected during high flow (6.8 cfs)

associated with a rain where TSS concentrations were very high (133 mg/L) and stream water

was chocolate brown. In the past, TKN concentrations have been elevated and the highest
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observed TKN concentrations have occurred when samples are collected during rain events.

Elevated TKN would be expected with high suspended sediment due to organic nitrogen

compounds within or sorbed to suspended particles. Anatek also assigned a B-10 qualifier and

R1 qualifier in two cases, but DEQ did not qualify or reject any samples as a result.

Table B-4. Anatek QC qualifications.

^Date'^ Analyte Qualifier Description
10-24-22 TKN M2: Matrix spike recovery was low; the associated blank spike recovery was acceptable.

Potential matrix effect.

10-28-22 TKN M2: Matrix spike recovery was low; the associated blank spike recovery was acceptable.
Potential matrix effect.

11-4-22 TKN M2: Matrix spike recovery was low; the associated blank spike recovery was acceptable.
Potential matrix effect. ***Matrix spike on Lindsay Creek sample***

12-28-22 TKN M2: Matrix spike recovery was low; the associated blank spike recovery was acceptable.
Potential matrix effect.

1-11-2023 NO2+NO3-N M2: Matrix spike recovery was low; the associated blank spike recovery was acceptable.
Potential matrix effect.

2-3-2023 NO2+NO3-N M2: Matrix spike recovery was low; the associated blank spike recovery was acceptable.
Potential matrix effect.

TKN BIO: Target analyte detected in method blank at or above the method detection limit, but
below the method reporting limit

TKN M2: Matrix spike recovery was low; the associated blank spike recovery was acceptable.
Potential matrix effect.

3-30-2023 TKN M2: Matrix spike recovery was low; the associated blank spike recovery was acceptable.
Potential matrix effect. ***IVIatrlx spike on Lindsay Creek sample***

6-9-2023 TKN BIO: Target analyte detected in method blank at or above the method detection limit, but
below the method reporting limit

M2: Matrix spike recovery was low; the associated blank spike recovery was acceptable.
Potential matrix effect.

7-7-2023 TKN M2: Matrix spike recovery was low; the associated blank spike recovery was acceptable.
Potential matrix effect.

7-20-2023 NO2+NO3-N M2: Matrix spike recovery was low; the associated blank spike recovery was acceptable.
Potential matrix effect.

8-7-2023 NO2+NO3-N M2: Matrix spike recovery was low; the associated biank spike recovery was acceptable.
Potential matrix effect.

8-22-2023 NO2+NO3-N M2: Matrix spike recovery was low; the associated blank spike recovery was acceptable.
Potential matrix effect.

9-8-2023 NO2+NO3-N M2: Matrix spike recovery was low; the associated blank spike recovery was acceptable.

Potential matrix effect.
TSS R1: RPD/RSD exceeded the method acceptance limit (RPD 17.8%, RPD limit 10%)

B3.1 Revised Laboratory Data

Anatek revised two laboratory result reports after DEQ reviewed results and Inquired about

potential Issues. Anatek revised the NO2+NO3-N result for a sample collected 5-5-2023

(MDE0257) from 0.787 to 7.87 mg N/L because the laboratory analyst reported "forgot to

factor In the multiplier" (Justin Doty, Anatek, e-mail to Jason Williams 6/2/2023).

28



Lindsay Creek Monitoring Report 2021-2023

In addition, Anatek issued a revised results report for the TKN result samples collected 6-9-2023

(MDF0425). The revised result report stated:

Sample MDF0425-01 was initially analyzed for TKN on 6/23/2023, with a result of 9.59 mg/L

When a matrix spike/matrix spike duplicate sample was run on this sample (with an laboratory

spike of 5.0 mg/L), results were 6.17 mg/ L (MS) and 6.32 mg/L (MSD). These negative-recovery

MS/MSD samples suggest something may have been incorrect with the initial analysis.

Upon review, it was determined that MDF0425-01 was analyzed after a very concentrated

sample, and it is possible that carryover on the instrument impacted the 6/23/2023 result.

Sample MDF0425-01 was re-prepared and analyzed on 7/6/2023, and a result of 0.852 mg/ L

was obtained. Assuming a native concentration of 0.852 mg/L, the MS/MSD recoveries would

have been 106% (MS) and 109% (MSD).

We believe the reanalysis value of 0.852 mg/L is an accurate reflection of the concentration of

sample MDF0425-01.

DEQ used the revised results for data analysis purposes.

B4 Measurement Range

The QAPP states "appropriate measurement range is determined by comparing the results of

the laboratory reporting levels or MDLs. Reporting requirements are determined prior to

sampling through review of historical data for the analytes and region of interest..." (DEQ

2019). Laboratory PQLs were 0.05-1 mg N/L for NO2+NO3-N, 0.5 mg N/L for TKN, and 1 mg/L for

TSS. One TKN sample collected 4/26/2023 was below the PQL. All other regular sample results

were above the PQL. Considering typical observed concentrations exceeded the PQL, the

laboratory measurement range was considered adequate for this project.

BS Sample Handling and Holding Time

Chain-of-custody forms were used to document sample custody and transfer when submitting

samples to the laboratory. The laboratory did not note any sample condition or preservation

concerns in laboratory reports. The project QAPP specified sample holding time requirements

based on parameter-specific holding time requirement information provided by the analytical
laboratory. Holding time requirements were 7 days for TSS, and 28 days for NO2+NO3-N and

TKN. Holding time requirements were met. One NO2+NO3-N result was analyzed 28 days after it

was collected. All other analyses were completed faster than the maximum allowed holding
time.

B6 Representativeness

Data representativeness is the degree to which the sample data accurately and precisely

represent site conditions. The project QAPP and FSP do not provide specific representativeness

criteria; however, the QAPP did provide guidelines for evaluating representativeness (DEQ
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2019). Because field sampling and laboratory analysis followed standard procedures,

procedures were consistent with those during previous sampling, laboratory accuracy and

precision requirements were met, and there were only minor issues with laboratory quality

assurance review. All project data satisfy representativeness requirements.

B7 Comparability

Comparability is the confidence with which one data set can be compared to another data set.

The project QAPP does not provide specific comparability criteria, but it does provide general

guidelines for ensuring data comparability (DEQ 2019). Because standard sampling and

laboratory procedures were followed, procedures were consistent with those used for previous

sampling efforts, and no issues were identified during project data verification and validation.

All project data satisfy representativeness requirements.

B8 Completeness

Data completeness is the percentage of valid data relative to the total possible data points. The

project QAPP defined a completeness objective of 80%. The FSP planned for approximately 24

sample events. There were 22 sample events during the monitoring period, corresponding to

92% sample event completeness (22/24 = 92%). One TKN result and one NO2+NO3-N result

were rejected. Therefore, for each parameter 21 of 22 possible results were valid and result-

level completeness was 95%.

B9 References

DEQ 2019. Quality Assurance Project Plan: Multi Parameter Region Wide Monitoring QAPP for

the Lewiston Regional Office. Version 2. May 16, 2019. #2018AKL369.

DEQ 2022. Field Sampling Plan 2021-2022 Lindsay Creek Monitoring. Version 2. January 21,

2022. Re-authorized by project quality assurance officer 5-5-2023. #2020AKL81.
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Appendix C. Streamflow Rating Curves

01 Stream Gauge

Starting October 5, 2020, a vented pressure transducer (Onset Hobo MX-2001) was deployed in

a polyvinyl chloride stilling well. The transducer water level sensor was 0.5 feet from the

streambed and recorded water level every 30 minutes from 10-5-2020 to 10-7-2021. On 10-8-

2021, the pressure transducer and stilling well were reinstalled. After re installation, the

transducer water level sensor was 0.3 feet from the streambed and recorded water level every
15 minutes.

02 Fieid Measurements

Paired measurements of stream flow and water level were taken > 20 times per year. During

each sampling event, stream flow was measured using an electromagnetic velocity meter (Hach

FH850) and the velocity-area method. A stream transect was established perpendicular to

streamflow. The transect was divided into 0.5-food wide cells, and water depth and velocity

were measured in the center of each cell. Velocity was measured at 60% of maximum depth

within each cell. Instantaneous streamflow was calculated by summing the product of velocity

and area measurements calculated from each cell. In addition, pressure transducer water depth

and staff gauge water depth were recorded, and pictures of the gauge staff plate and stream

were during each sample event. During most sample events, the distance between the water

level sensor and the streambed was also measured to verify it did not change.

C3 Rating Curve Development

Rating curves were developed using Equation B-1 (Hamilton et al. 2019):

Q = V * A = C2C3l° ®^'*C4(H-e)^° ®^ ^ Equation B-1. Flow rating curve.

Where:

Q= streamflow (cfs)

V = water velocity (ft/s)

A = wetted channel area (ft^)

C2 = coefficient indicating net flow resistance (varies around 1) (ft/s)

C3 = coefficient used for calculating hydraulic radius (R = C3(H-e)) (generally 0.5-1) (unitless)

C4 = scaling coefficient related to channel width (unitless)

H = stage (ft)

e = effective zero flow water depth (ft), an offset that converts stage to depth of water

b = channel shape coefficient (generally should vary from 1-2) (unitless)
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Coefficients in equation B-1 were estimated iteratively using R scripts and the R 'nis' function

for fitting nonlinear least squares regression. The goal of the coefficient estimation process was

to maximize curve performance (i.e. low bias and error, high r^) while also keeping coefficients

in a realistic range based on channel geometry and field observations, if possible. Curve

performance was prioritized over desired coefficient value ranges.

Multiple rating curves were developed. One rating curve was developed for the initial stream

gauge deployment (10-5-2020 to 10-7-2021). Several separate rating curves were developed for

10-8-2022 and later data. Professional judgement was used to determine the number of rating

curves required and is described in more detail below.
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Figure C-1. Relationship between staff plate water depth (ft) and measured flow (cfs) for each
rating curve developed.

Table C-1. Rating curves.

Rating
Curve

Period C2 C3 Q e b r^

WY21.1 10-5-2020 through 10/8/2021 10:45
am

0.91916 1.21139 6.85421 -0.5453 1.4566 0.94

WY 22.1 10-8-2021 through 4-25-2022,

6-7-2022 through 9-30-2022

0.89625 0.9527 6.0003 -0.6263 1.2469 0.77

WY 22.2 4-26-2022 through 6-6-2022 0.77443 0.9527 6.003 -0.6263 1.2469 0.38

WY 23.1 10-24-2022 through 9-30-2023 0.90967 0.882 5.4217 -0.755 1.09248 0.87
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Water Year 2021 (WY21.1)

One rating curve was developed for the initial stream gauge deployment (10-5-2020 to 10-7-

2021} (Figure C-1, Table C-1).

Water Year 2022 (WY22.1 & WY 22.2)

On 10-8-2022, the pressure transducer and stilling well at the site were reinstalled, which

changed the distance from the pressure transducer to the streambed from 0.5 to 0.3 feet and

required developing a new rating curve for 10-8-2022 forward. Two separate rating curves were

developed for water year 2022 (Figure C-1, Table C-1). During 4-26-2022 to 6-6-2022, measured

water levels resulted in lower measured flows than expected based on water level-flow

relationships for the rest of the water year. Visual observations and field photos (Figure C-2)

suggest riparian vegetation, in-stream vegetation, and large in-stream periphyton mats likely

increased flow resistance during this period, causing measured velocities to be lower than for

similar water levels in the absence of vegetation. Separate rating curves were developed for the

period with highest flow resistance (4-26-22 to 6-6-2022) (WY22.1) and for the rest of the water

year{WY 22.2).

Figure C-2. Lindsay Creek looking upstream on 1-20-2022 and 5-6-2022.

Water Year 2023 (WY23.1)

A separate rating curve was developed for water year 2023 because the 2023 water level-flow

relationship appeared distinct from curve WY22.1, especially at lower water levels (Figure C-1).

The reason for this is not fully clear, but could include stream channel changes or minor

adjustments to the pressure transducer reference water level setting made during periodic

gage maintenance.
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C4 Rating Curve Performance

For each rating curve, performance was documented using plots of rating-predicted and

measured flow, and by calculating several statistics comparing measured and rating curve-

predicted flow, including bias (predicted-observed), error (| predicted - observed |), percent

difference ([(predicted-observed) / observed)] * 100), and r^ of the linear regression between
predicted and observed flow.

12.5-

10.0-

15 7.5-

i
5.0-

2.5-

Ocl2020 Feb2021 Jun 2021 Get 2021 Feb2022 Jun 2022 Get 2022 Fab 2023 Jun 2023 Get 2023

Figure C-3. Comparison of rating-predicted (grey lines) and measured (red circles) flow.

Table C-2. Rating curve performance statistics. Percent difference = (predicted-observed) /
observed * 100.

Curve

ID

Statistic Units Minimum Maximum Mean Median

WV

21.1

Bias (predicted-observed)

Error | predicted-observed |
% difference

•

cfs

%

-0.58

0.00'

-14

0.49

0.59

14

-0.03

0.26"

0.1

-0.04

0.25

-1

WY

22.1

Bias (predicted-observed)

Error | predicted-observed |
% difference

— —

cfs

cfs

%

-0.64

6.01

-12.4"

0.69

0.69

19.2

0.01

0.27

1.3

-0.05

0.21

-1.2

WV

22.2

Bias (predicted-observed)

Error |predicted-observed |
% difference

cfs

"" cfs

%

-0.5

0.00

-15.3

0.78

1.04

19.2

-0.02

0.27

0.20

-0.05

0.21

-1.2

WY

23.1

Bias (predicted-observed)

Error |predicted-observed)
% difference

cfs

cfs

%

-1.04

0.00

-15.3

0.78

1.04

19,1

-0.06

0.23

-1.2

-0.06

0.13

-2.3

Across Bias (predicted-observed) cfs -1.0 0.78 -0.02 -0.05

years Error |predicted-observed) cfs 0.00 1.04 0.27 0.21

% difference % -15.3 19.2 0.2 ■ -1.12
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C5 References
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Appendix D. Continuous Sonde Operation

D1 Sensor Configuration

An EX02 Muitiparameter sonde has been acquired by DEQ Lewistion Regional Office for

dedicated use as a continuous sonde. The EX02 can accommodate the EXO Central Wiper,

which is required for continuous deployments to keep sensor faces clear of fouling and debris.

An EXOl sonde lacks the capacity for central wiper.

An EXO Nitrate Smart Sensor was obtained by DEQ to record continuous nitrate in Lindsay

Creek. The nitrate sensor requires co-deployment of an EXO Turbidity Smart Sensor and an EXO

Conductivity & Temperature Smart Sensor. Continuous turbidity can also be used as an analog
forTSS.

Supply chain issues throughout 2021 and 2022 delayed the arrival of the EX02 sonde and

sensors. The EX02 sonde was initially deployed on February 2, 2022, before the nitrate sensor

was received. The initial deployment included a dedicated EXO Turbidity Smart Sensor and an

EXO Conductivity & Temperature Smart Sensor borrowed from the Lewiston Regional Office's

(LRO's) EXOl sonde, normally used for Instantaneous measurements. This deployment ended

March 24, 2022, and was used to develop initial calibration, maintenance, and data collection

processes for the EX02 sonde.

The EXO NitraLED UV Nitrate Sensor was received in May 2022 and first deployed on May 20,

2022. From June 8, 2022, the conductivity/temperature sensor was returned to service on

LRO's EXOl sonde and the sonde was deployed with only a turbidity sensor and the UV nitrate

sensor. A dedicated EXO Conductivity & Temperature Smart Sensor was obtained by LRO and

has been included in the sensor complement from 3/10/2023. The sensor complement history
of the EX02 sonde is summarized in Table D-1.

Table D-1 EX02 sonde sensor configuration summary

Sensor Serial number Deployment start Deployment end

EXO Central Wiper

EXO Conductivity & Temperature Smart Sensor

EXO Turbidity Smart Sensor

EXO NitraLED UV Nitrate Sensor

22A100888

18A102145

02/16/2022

EXO Conductivity & Temperature Smart Sensor

21 Ml 02404

22D106628

23A101181

02/16/2022

02/16/2022

05/20/2022

03/10/2023

ongoing

05/25/2022

ongoing

ongoing

ongoing
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D2 Sonde Casing

The EX02 sonde is deployed in a casing constructed from 4-inch diameter polyvinyl chloride

pipe, cut to size, and secured with a padlocked well cap (Figure D-1). The casing design was

based on recommendations provided by YSI for a vertical deployment tube in the manual for

the EXO sonde series (Xylem 2020) (Figure D-2).

LodcabI*

VMU Cap

Ejected
HigbWatar

Stop Bolt

Opan Bottom

Figure D-1. EX02 casing. Figure D-2. EX02 vertical deployment tube
(reproduced from Xylem 2020).

A second casing was constructed to ensure that one Is always available during maintenance and
cleaning of the deployed casing. The EX02 sonde was suspended from a metal crossbar at the

top of the casing, which allows quick removal when the well cap Is unlocked and open.

Using a combination of nylon zip ties and metal fasteners, the casing was attached to a t-post

sunk into the substrate below the thalweg of Lindsay Creek (Figure D-3), downstream from the

monitoring station that houses the pressure transducer.
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Figure D-3. EX02 casing deployed In Lindsay Creek.

During each field visit to Lindsay Creek, the EX02 sonde and its casing were examined and

cleared of debris. Additional weekly casing checks were commenced in fall of 2023 to further

minimize debris buildup.

Seasonal adjustments of the casing were made to ensure the sonde remained both submerged

and clear of sediment in the bottom of the channel. Before each deployment and once a month

during deployment, the EX02 sonde was extracted from its casing in Lindsay Creek and

returned to LRO for cleaning and recalibration of its sensors. Calibration was performed using

standards of known value, and calibration records are stored digitally at LRO.

D3 Calibration and Maintenance

Calibration is performed through Bluetooth connection using a laptop computer equipped with

YSI's Kor software. Calibration of all mounted sensors Is conducted in accordance with Xylem,

2020. These functions can also be performed via a wired connection using the EXO Handheld
device.
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Calibration occurs prior to each project deployment and on a nominal monthly basis during

deployment. Mid-deplopyment calibration is conducted when the sonde has been extracted
from the creek and cleaned at LRO facilities.

Calibration results are recorded in KorEXO for later export per project specific data

management practices.

03 Deployment

A field deployment template has been developed to record the sensor payload (including serial

numbers), calibration status, deployment location, observation interval, sonde memory

capacity and estimated battery life.

04 QA/QC

During preliminary deployment of the EX02 sonde, data were subject to QC measures to

identify and evaluate the following before deciding whether to include or exclude them from
the dataset:

• Unrealistic values above or below upper or lower limits (e.g., nitrate values below zero)

• Known mechanical issues (e.g., failure of wiper)

Over time, the QC measures have been refined to the identification of the following suspect

data points that are individually reviewed for inclusion or exclusion from the dataset:

• Gross values comprising measurements which are not practically feasible.

• Unrealistic spikes, where values suddenly vary without an attributable cause.

• Suspect rates of change (greater than 3 standard deviations over 25 hours (12 hours
forward, 12 hours back).

• Flat line (a steady state of unchanging observations that would not be expected in

normal operation of the sensor).

The refinement of these QC measures remains an ongoing effort.

05 References

Xylem. 2020. EXO User Manual. Revision K. Yellow Springs, OH.
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