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Watershed 101.
Water Chemistry

Day 3




LearningODbjectives

A What should | monitor?

A How should | monitor?
I QualityAssurance and Quality Control
I National Environmental Laboratory Accreditation
A What LowCost Monitoring Options Used?
I National Survey of common monitoring
A Some lowcost tools
I Colorimeter readers
I EnviroDIY.org andrdunioc-based sensor station options
A Model My Watershed

I Modeling hydrology and water quality at the landscape
scale and influences of best management practices

o | )
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Water Chemistryg
What should | measure?

A Why?
I Should lead to WHAT?
AShould lead to WHEN, HOW OFTEN, HOW LONG?

ALeads to data management, QA/QC procedures
ALeads to how to ANALYZE and INTERPRETATION

I Good chemical monitoring requires significant
FGaSYyaAz2y G2 ljdz-t Ad0& |
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Water Chemistryg

What should | measure?

A What?Should link to why?
AL KIS | KIFIYRKSfR YSiOSNX
I Temp, DO, specific conductivity, pH, turbidity,

A Other dissolvedjasses (e.gGQ CQ, H,S, CH ¢
orobably not

A Dissolvednajorions
A Dissolvechutrients (N, P, and Si)

A Dissolved organic matter (DOM) or dissolved organic
carbon (DOC)

A Suspendegarticulates (TSS)cluding minerals and
particulate organic matter (POM)

A Trace elements, both dissolved and particulate

ES S S -
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Typical Chemical Analytes Monitored

A Analytes Monitored By botHProfessional and
Citizen Science/Volunteer Monitoring programs

I Usually- Temperature, dissolved oxygen, specific
conductivity, pH, turbidity/total suspended solids

I Sometimes nutrients, major ions, alkalinity, dissolved
and particulate carbon, biological and/or chemical
oxygen demand

I Rarely- specific metals, pesticides, pharmaceutical
and primary care products, other suspected specific
pollutant monitoring




PH/ORPASE.

e
'N
%&%@

“/aterproox

\

|
P . 2 DIRECTIONS: 1. Soak test strip's four pamels into the
Dip Sticks™ e
2. Match panels to the pH dagram on

box to get pH readng.
Improvedl’nnelsforlrxreasedktumcy =
0.0- 14.0pH Range ___ﬁ‘
100STRIPS
-~ - c—

"\:‘ :pummmomym:mn
o 1 2 3 4 s 6 7
] )]
i ] ]|
\
A

PROCEDURES:

Remove one test strip from the container. Dip test strip into
solution so that both pads are immersed. Hold for 2-3 seconds in
test solution. Remove test strip, & shake off excess liquid. Read after
30 seconds by comparing test pads to color chart.

] NITRITE NITRATE |
ppm ppm
o OO
os ]| 1
1.0 [:] D 25
so [ | ] =
10 - [:] 100
s | 2° S
—
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Stream Water Chemistry
Sampling Basics

Notebook!
? Analytes ?
Instr. calibrations
Flowdirection
Hygiene
Sun cream?
DEET?
Perfumes?
Triple rinse
Bottle type
Preservation?
On ice?
In dark?
Holding times
Filtering?

Srer @
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Chemical monitoring considerations

A Natural variabilityc seasonal, daily, weathaelated fydrologically
controlled)

A Landscape influence
I Hydrological response to weather events
A Baseflow versus stormflow water chemistry
I Informed by WHY, WHAT, HOW, WHEN, WHERE planning

A Point sources or spills are often very discrete in time (and space)
and therefore can easily be missed by chemical monitqiang
diluted furtherdownstream and increasingly difficult to quantify
with increasing hydrologic distance from source)

A{2YS OIFINAIlIotSa OFy o6S aSIaates
I Easy = inexpensive and/or quick and/or with sensors

A Some require grab samples or automated sampling and processing
by water chemistry labs or with lowost alternatives

I Key Is anticipating frequency of sampling need to detect differences

SEL @)
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Concentrations versus Loadings?

A Concentration = how much ahalyteis in a certain
volume of water (mg/l, ppm)

A Loads = amount ainalytedelivered through a stream
cross section over a defined period of time, a.k.a.
a T dzl:}zrﬁ andig afunction adnalyte
concentrations and total discharge over time

I Requires quantification of stream flow

A requires monitoring stream stage height and development of
AN} GAYy 3 OdzNIISE¢ G2 Saiddckoridds Ay

I Requires quantification of concentration over many
different discharges to develaggmnalytespecific rating
curves

I This is a challenging monitoring effgrinade easier by the
thousands of USGS gaging stations throughout the U.S.)

QUD €
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Water Chemistryg
What should | measure?

A What ever you choose to measure and
GKI 0SOSN] YSUK2R OK?Z22:
I Good chemical monitoring requires significant
attention to quality assurance and control!




Quality Assurance, Quality Control,
and Quality Assessment Measures

A Activities undertaken to demonstrate
jaccuracy0 K2g Of 24aS (2 aGaNBIf ¢
I precision(how reproducible are your results?)

A QAPR; Quality Assurance Project Plan

I Broad plan for maintaining quality In ALL aspects of
your program. Documentation of:
A Procedures |
A Training volunteers/staff W
A Study design
A Data management and analysis
A Specific quality control measures

https:/archive.epa.gov/water/archive/web/html/132.html



https://archive.epa.gov/water/archive/web/html/132.html
https://archive.epa.gov/water/archive/web/html/132.html

QA versus QC

A QAand QC are closely related conceftist theyare
fundamentally different in their focus:
I QAIs the process of managing fauality;
I QCis used to verify the quality of theutput;

A Sound monitoring data requirdsth QA and QC.

A Quality Assurance a set of processes and
documentation that assures that standards, processes,
and procedures are appropriate ftre project and are
correctly selected anmmplemented. Buthe delivered
solution itself is never actualyuality-OK S O1 S R X

A Quality Controlc a set of tests to verify measurements
(helps understand/quantify repeatability

QUD €
~—~ &l
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QC Internal Checks

Performedby projectfield volunteers, staff, and lab

A

A
A
A
A

FieldBlanks Deionizedwvater treated as a samplddentifieserrors or contaminationin
collectionand analysis.

FieldDuplicates Duplicate sampleollectedat the sametime & place. Estimatesampling
andlab analysigrecision

Lab ReplicatesA samplesplitinto subsamples at the lab. Each subsample is then analyzed
and the results comparedJsedto test precisionof the laboratory measurements

Spike SamplesKnownconcentration of thevariable beingneasured is added tsample
Increaseshe concentrationby a predictable amountUsedto test accuracyof the method

Calibration BlankDeionizedwvater prepared and processed in the lab and treated like a
sample to"zero" the instrument.Typically thdirst "sample" analyzed analsed to set the
meter to zera Differentfrom the field blank in that it is "sampled" in the ldbbsedto check
instrumentperiodically for'drift" (instrumentshould always read "0" when this blank is
measured) Can becompared tdfield blank topinpoint where contamination might have
occurred

CalibrationStandards Usedto calibrate a meter Consist®of one or more "standard
concentrations"(made up in the lab to specified concentrations) of tlagiable being
measured (on&f which is the calibratioblank).

RUD €D
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QC External Checks

Performedby non-volunteerfield staff and a lab (also known as a "quality control |aR8sults
are compared with those obtained by the project lab

A

ExternalField DuplicatesDuplicate sampleollected and processed lmydependent(e.g.,
professional) sampler or team aame place/time asegular river sampledJsedto estimate
sampling and laboratory analysis precision

Split SamplesSamplehat is divided into two subsamples at the lab. One subsample is
analyzed at the project lab and the other is analyzed at an independent lab. The results are
compared.

Outside Lab Analysis of Duplicate Sampledernalor external field duplicates can be
analyzed at an independent lab. The results should be comparable with those obtained by
the project lab.

Knowns Qualitycontrol lab sends samples for selected indicators, labeled with the
concentrations, to the project lab for analysis prior to the first sample 8amplesare

analyzed andesultscompared with the known concentrations. Problems are reported to the
guality control lab.

Unknowns/Blind.Qualitycontrol lab sends samples to the project lab for analysis for

selected indicators, prior to the first sample run. Tdencentrations of these samples are

unknownto the project lab. These samples are analyzed and the results reported to the

guality control lab. Discrepancies are reported to the project lab apobblem identification

and solving process follows. e
IP OUD &
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QAPP and Chemical Methods
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Certifled Labg NELAP

A National Environmental Laboratory Accreditation Program
(NELAP) Is a national accreditation program developed by
the NELAC Institute
I 501(c)(3) norprofit with mission to foster generation of E data

of known and documented quality through an open, inclusive,
and transparent process that is responsive to the needs of the
community

A Organizes NELAP Accreditation Process at statedéee)
programs are certified through statpecific programs

A Not all states have accreditation programs
T FL I, KS, LA, MN, NH, NJ, NY, OR, PA, TX, UT, VA

A Thus lab accreditation is by state, but a lab may choose to
gain accreditation via multiple states

. _ OUD &0
http://www.nelaeinstitute.org/content/NELAP/accrdabdies.php ng‘w ! 55?3
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CertifledLabsc NELAP

A Certified Labs
I Accreditation is methodinalytespecific

A Just because a lab/methoathalyteis NELAP certified does
not mean that the accuracy, precisjon, and detection limit is

A A Vd A ol V4 b

aWTTAOASY 0 2 RSuSOQvuKS o
e2dz YlI 0S AYUSNBaAGSR Ay |
i, 2dz deé['] dzy RSNE Gl YR GKS f AYAI

and compare to your needs

A 1If you choose a lab/method that is not certifiedt is
critical that you adopt, document, and quantify QA/QC
metrics (i.e., utilize field blanks, fleld and lab duplicates, _
OF £ A 6 NJ GA2yas adlyRIFINRaAX S

I Especially if you have legal or regulatory requirements to your
monitoring program

. '/'/_””“
~ &y
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With EVERY Choice Ahalytec
Choose Method Wisely

A What are the expected concentrations that need
to be measured?
A How variable is the concentration of tlamalyte?

I l.e., diel, seasonal, stormwater influences, point
sources?

Al 2g fFNABS 2N ayvylff 27F
do you need to detect?
A Leads to choices informing needs for:

I Method detection limit, accuracy, precision, QA/QC
plans/demands (documentation and data
management is not trivial!)

&3&) UD &)
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LOW COST WATER QUALITY MONITORING
NATIONAL SURVEY

http://piscesfoundation.org/empowertioe-public-with-a-suite-of-wateequality-

monitoringtechnoloqgies

e
o —

Sponsored by

_ PISCES FOUNDATION
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LOW COST WATER QUALITY MONITORING
NATIONAL SURVEY

Background

= 2015: Pisces Foundation & Intel Corporation project
leaders agree to sponsor a survey of selected groups
doing water resource monitoring to better understand

gaps between their current and desired:
v' Water monitoring practices
v" Reporting
v Information sharing technologies

= Goal was to empower citizens to protect their water
through information gained or managed with the use of  Water Quality
low cost technologies

= National Steering Committee of non-profit, business,
academic and government experts guided survey
development & distribution




LOW COST WATER QUALITY MONITORING
NATIONAL SURVEY

Survey Audience Profile

= Key Characteristics:

v" 130 respondents—all but 3 ol A 5
in U.S. o i T Sy

v' Very knowledgeable—50% : v RPeise jo WK
monitoring program leads "‘ [ 0 —95°
& 78% were either staff, 54
volunteers, or had strong F R o
program knowledge

v Several respondents represented their regional/national staff network

v' Geographically broad representation—42 states

v" Mostly non-profits (72%) & govt. (16%) respondents

v 50% answered a watershed was their service area



LOW COST WATER QUALITY MONITORING
NATIONAL SURVEY

Monitoring Program Profile

Rivers and streams (89%) are monitored most, followed by a distant
(32%) for stormwater or wastewater discharges. Yet, only a few
monitored drinking water supplies (6%)

Top 5 of 15 monitoring program objective areas were:

Create long term data sets (77%)
Education (75%)

Target problem areas (59%)

Report pollution incidents (51%)
Change community behavior (50%)

' NENENENEN

Remaining program objective areas scored below 50%
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LOW COST WATER QUALITY MONITORING
NATIONAL SURVEY-- Monitoring Program Profile

= Top 4 of 8 program barriers Key Monitoring Barriers
= Considering funding and
people resources are the

v" Funding amount (69%)

v Funding stability (64%)

v' Staff time (58%)

v Equipment (41%) "‘
top two barriers, it is ﬁ%/

significant to note that 64%
equipment emerges as the
third leading barrier.

= data analysis or sharing = equipment s funding amount

funding stability = other = staff time

=»30% monitor water volume,
64% do not and 6% are
unsure ,

WAL EK INESEARCH UENTER A<

m supporting volunteers  m volunteer turnover




LOW COST WATER QUALITY MONITORING
NATIONAL SURVEY--Monitoring Program Profile continued

Data collection

= Of the 13 possible answers for data collection methods--3 are deployed by
most organizations:

v" Field test kits 74% (59)
v' Grab samples & lab analysis 69% (99)
v" Multi-parameter meters/sensors 49% (39)
grab samples and lab analysis 68.75% 55
prepared samples and lab analysis 23.75% 19
= Notably, only a few :

. . field test kits 73.75% 59
Organlzatlons make lab test kits 16.25% 13
use Of Vanous types single parameter electronic meters 28.75% 23

. . . Or Sensars
Of monltorlng Statlons multi-parameter meters or sensors 4B.75% 39
or cell phonje other 8.75% 7
custom assembled sensors 7.50% &

unattended monitaring stations

. 13.75% 11
without telemetry
ur_lat'tended monitoring stations 5 00% 4
with telemetry
long term flxed stations with flow 1.95% 1
controls without telemetry
long term fixed stations with flow 3755 3

contrals with telemetry
cell phone reporting 13.75% 11

WAL EK INESEARCH UENTER A<



LOW COST WATER QUALITY MONITORING
NATIONAL SURVEY--Monitoring Program Profile continued

Parameters*

Total Across Participants

FHYSICAL

BIOLOGICAL

» Total
METAL

OTHER [N

VOLATILE ORGANIC CARBOMN-VOC

* Respondents completing at least: 1 parameter=97; 3 p's=63;5p's=46; 7Tp's=32; 9p’'s=22; 10 p's =20



LOW COST WATER QUALITY MONITORING
NATIONAL SURVEY--Monitoring Program Profile continued

Parameters

Parameters by Type Highest to Lowest - Top 15

41 o
34 30
25 24
III1615141313121110
2 & A QA N o .
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OST WATER QUALITY MONITORING

NATIONAIL SURVEY--Monitoring Program Profile continued

Al
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Parameters

Parameters by Type Highest to Lowest
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LOW COST WATER QUALITY MONITORING
NATIONAL SURVEY -- All Monitoring Parameters

most use manual data
collection methods, yet
fewer prefer this
approach

Some are unsure what
they prefer, while more
want a fully automatic
approach

Differences become
more apparent with
some individual
parameters

Current Data Collection
1% 5%

26% 1’

3% v

® fully automatic (continuous recording sensor) 23
= manual methods (e.g. test kit, grab sample) 296

s other [please specify) 14

semi-automatic methods (e.g. meter, sensor) 117

= (blank) &

Preferred Data Collection

9%

EEEE‘I
4
2%
5%

= fully automatic {contineous recording sensor) 79
= manual methods {e.g. test kit, grab sample) 185
= ol sure 25
u pther (please spacify) 9

semi-automatic me thods {e.g. meter, sensor) 119

= [blank) 39




LOW COST WATER QUALITY MONITORING
NATIONAL SURVEY -- Analysis: Data Collection & Precision

= Nitrate-NO3 ranked #6 and total phosphorous ranked #7: no clear trends for
future collection & precision

= Yet, respondents say parameters that are most useful to monitor but can’t
now, are nutrients e.q. nitrogen & phosphorus in various forms, especially:

v in real time
v with sensors and;
v continuous monitoring

= Parameters ranked below total Parameters by Type Highest to Lowest - Top 15
phosphorus were briefly examined. - .
Note that E. coli & coliform bacteria 40 " >
. . E 24
are used as contamination - | I | 615 1 11 1y gy o
i i 10
indicators . EERREEE
. . . :-Fﬁa u"-"t&aéd‘?d &f\}&éﬁ -;.fgﬁg*dd ;ﬂbﬂ{.}ﬁ:}é@‘ﬁéﬂ&?@? t‘?ﬂt?@@aﬁ. & **ﬁ¢$?
+ Nutrients & bacteria are in the top 4 &bﬁﬁ“’ﬁ‘ CFEFT S T FTE
parameters in need of low-cost ¢ &S T e 1*‘*‘

monitoring improvement
D EEEEEEE



LOW COST WATER QUALITY MONITORING
NATIONAL SURVEY —KEY FINDINGS

84% of respondents believe widespread availability of low-cost equipment
could affect major improvements in water quality

Top 4 perceived needs for low-cost monitoring equipment:

target problem areas

use as a screening tool for advanced/expert level monitoring/investigation
report pollution incidents

As part of monitoring & verification protocols for nutrient trading programs,
BMPs, restoration projects, etc.

NENE RN

Top 4 parameters for low-cost (under $100) monitoring improvements:
v nutrients (N and/P forms)
v" bacteria (fecal coliform, E. coli, etc.)
v' dissolved oxygen
v" turbidity



LOW COST WATER QUALITY MONITORING
NATIONAIL SURVEY —KEY FINDINGS

Top 4 most desired features in new equipment:
equipment durability

in-field data entry

remote sensing & data loggers

automatic metadata capture

NN NRN

78% of respondents lack knowledge of beneficial low-cost data access &
sharing technologies that could benefit their program

Top 4 perceived needs for low-cost (less than $50) data access and sharing
technologies:

v' quality and reliability of the data

v" low unit cost of the data

v" sharing of water quality information with environmental advocates

v" sharing of water quality information with local government officials

WAL EK INESEARCH U ENLEK \?/



Low Cost Water Quality Options

A Rapidly expanding set of tools
A Need to focus on YOUR NEEDS for accuracy,

Ao Pa Ve Pa \ Ve
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instruments
specifications  MSDS  Manual - Literature Phosphorus High Range Checker®HC - HI7Z06  $49.00
YT Ty YT T Write a review Oty 1
Ships within 1-2 Business Days Free Shipping on Orders over $50*

The Hanna Phosphorus High Range Checker® bridges the gap between simple chemical test kits
and professional instrumentation. Chemical test kits have limited accuracy and resolution since
they rely upon the human eye to discern differences in color. Professional instrumentation
incorporates a light source such as an LED or tungsten lamp with a filter and a light sensing
detector to precisely determine ion concentration. Professional instrumentation offers greater
resolution and accuracy but can cost hundreds of dollars. The Hanna Phosphorus High Range
Checker® uses a fixed wavelength LED and silicon photo detector to provide the accuracy of
professional instrumentation at the affordable price of a chemical test kit.

Compact, Portable Design

(et
@ Built-in Timer
[ ]
More Views One-Button Operation

e 6 %
SIRQUD
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The Checker®HCis simple to use

1 “Zero" the Checker®HCasrequiredin 3 Place thevial intoyour Checker®HC
specific procedure

2 Add reagenttoyourwater sample 4 Press the button and read the results.

It's that easy!

SIRQUD




HHHWHHHHP\NNR Products Parameters Support MSDS

instruments

Specifications

Range 0.0to 15.0 ppm

Resolution 0.1 ppm

Accuracy @ 25°C/77°F +0.03 ppm +5% of reading

Light Source LED @525 nm

Light Detector silicon photocell

Method adaptation of the Standard Methods for the Examination of Water and Wastewater, 18th edition, Heteropolymolybdenum Blue method
Environment 010 50°C (32 to 122°F): RH max 55% non-condensing

Battery Type (1) 1.5V AAA

Auto-off after ten minutes of non-use

Dimensions B1.5mm x 61mm x 37.5mm (3.2" x 2.4" % 1.5")

Weight 64g(2.250z)

Ordering Information HI706 Checker® is supplied with (2) sample cuvettes with caps, phosphorus HR reagent starter kit for 20 tests (1 bottle of phosphorus reagent A,

20 packets of phosphorus HR reagent B), battery, instructions and quick start guide.
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Colorimeter Kits

Open source hardware/software (Arduino)

@®IORodeo

Smart Lab Technology
Full documentation of the colorimeter project is located on our documentation

site at http://public.iorodeo.com/docs/colorimeter

Analyteand
Method Lists

https://sites.google.com
/site/colorimeterwiki/

pH
Hardness
Salinity
Cocatio it « ’ 804’ KI’:)b' Fe’
99060093 83503006 Ca+Mg

NG, NO, NH,
Phosphate

Colorimeter shield v2.0

coPreE 0BORRE | I{O[ ]D
m
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https://sites.google.com/site/colorimeterwiki/

Exploring Equipment, Data Loggers,
Sensors

ALY 0NZ G(BRnvirpDIWE §Z2RRA & - T 2
O 2 & (-ié-yourdeIPmonitoring systems

ALYOGUNR G2 | FSg 2F UKS
options
[ISCQl dzi2YF GSR Ga3INXoé al
I S::CAN
ASpectrophotometer in a can

B
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Do-lt-Yourself,
OpenSource

T~ Wireless Monitoring

Stations




Sensor Networks: Cost vs. Covera
A CampbellScientific dataoggers & radios

wm'

/’"- = o e e e e 1y,

A 19" Tw L O R R T
S QOE&G&LQGQC‘:&‘;@. ‘‘‘‘‘‘‘‘‘

AM16/328
T,
NITOR

T

CR1000Measurement &  AM16/32B 16 or 32 Channel RF430 spread
Control Datalogger Relay Multiplexer spectrum radio
$1400 4 $500 -+ $600

Total = $2500




EnviroDlY Mayfly Data Logger Boal

Bee Module Socket
(Xbee/WlFl/CeII)

microUSB port. FTDI programming port

Solar panel connector
& charging circuitry

namnmnn
RARRARRRRRRRAY

MicroSD/SPI &
connector Red & Green LEDs
User-defined
5 , , LiPo battery connectors
pushbutton Lt S A S S A ) ‘“I‘ . ! ¥
= Mayfly Data Loqgger &k
MicroSD socket e N el ,"" . DS321 Real Time Clock

(horizontal) with battery backup

20-pin header
for analog pins #
and 2 UART ports #§

20-pin header
for digital pins

- . 5V boost converter
Auxiliary 16-bit, 4-channel
Analog-to-Digital Converter

alog ig onv - 12C port
Grove digital ports .







Sensor Networks: Cost vs. Covera
A Opensource datdoggers & radios

s SolarPanel
EnviroDIY Mayfly Accessories 31035 Cell Phone or
Microprocessor & (vary depending on need) Radio Modules
Datalogger
$60 + $30.90 + $2040

Based oArduino

platform Total :$9(}$22Q




Sensor Networks: Cost vs. Covera
A Focus resources on bavdre commercial

DecagonSensorexVaisalaKeller America, A
Soil moisture, conductivity, redox, carbon dioxide, water depthy-




Mayfly: Avallable olmazon.com
amazon ® BRI

Hello, Anthony
Departments ~ Browsing History ¥  Anthony's Amazon.com Today's Deals Your Account ~

Computers Laptops ~ Tablets ~ Desktops ~ Monitors ~ Computer Accessories ~ PC Components ~ PC Gaming

s140% | i Incredible prices on Prime Exclusive
@ motog: - Wk = with offers & ads Learn more *

Electronics » Computers & Accessories > Computer Components > Motherboards

EnviroDIY Mayfly Data Logger Board,
Arduino Compatible

by Stroud Water Research Center
Be the first to review this item

Price: $60.00 +Prime

i Earn 3% Back (worth $1.80 when redeemed) with your
Amazon.com Rewards Visa Card. Learn more

In Stock.

Want it tomorrow, July 277? Order within 7 hrs 56 mins and
choose One-Day Shipping at checkout. Details

Sold by Stroud Water Research Center and Fulfilled by

Arvmma—rarn




EnviroDIY Mayfly Data Logger Arduino Compatible Board
and Starter Kit

by Stroud Water Research Center
Be the first to review this item

Price: $90.00 +/Prime

Only 6 left in stock.
Sold by Stroud Water Research Center and Fulfilled by Amazon. Gift-wrap available.

Eligible for amazon donation.




EnviroDINMayfly Logger




YEARS

Est. 1967
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