
ADVANCING KNOWLEDGE AND STEWARDSHIP OF FRESH WATER SYSTEMS 
THROUGH RESEARCH, EDUCATION, AND RESTORATION 



Watershed 101: 
Water Chemistry 

Day 3 



Learning Objectives 
ÅWhat should I monitor? 
ÅHow should I monitor? 
ïQuality Assurance and Quality Control 
ïNational Environmental Laboratory Accreditation 

ÅWhat Low-Cost Monitoring Options Used? 
ïNational Survey of common monitoring 

ÅSome low-cost tools 
ïColorimeter readers 
ïEnviroDIY.org and Ardunio-based sensor station options 

ÅModel My Watershed 
ïModeling hydrology and water quality at the landscape-

scale and influences of best management practices 

 
 



Water Chemistry ς  
What should I measure?  

ÅWhy? 

ïShould lead to WHAT? 

ÅShould lead to WHEN, HOW OFTEN, HOW LONG? 

ÅLeads to data management, QA/QC procedures 

ÅLeads to how to ANALYZE and INTERPRETATION 

ïGood chemical monitoring requires significant 
ŀǘǘŜƴǘƛƻƴ ǘƻ ǉǳŀƭƛǘȅ ŀǎǎǳǊŀƴŎŜ ŀƴŘ ŎƻƴǘǊƻƭΧ 



Water Chemistry ς  
What should I measure? 

ÅWhat? Should link to why? 
ÅL ƘŀǾŜ ŀ ƘŀƴŘƘŜƭŘ ƳŜǘŜǊΧǘƘŀǘΩǎ ǿƘȅΚ 
ïTemp, DO, specific conductivity, pH, turbidity,  

ÅOther dissolved gasses (e.g., CO, CO2, H2S, CH4) ς 
probably not 
ÅDissolved major ions 
ÅDissolved nutrients (N, P, and Si) 
ÅDissolved organic matter (DOM) or dissolved organic 

carbon (DOC) 
ÅSuspended particulates (TSS), including minerals and 

particulate organic matter (POM) 
ÅTrace elements, both dissolved and particulate 



Typical Chemical Analytes Monitored 

ÅAnalytes Monitored By both Professional and 
Citizen Science/Volunteer Monitoring programs 

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

ïSometimes - nutrients, major ions, alkalinity, dissolved 
and particulate carbon, biological and/or chemical 
oxygen demand 

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





Stream Water Chemistry  
Sampling Basics 

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



Chemical monitoring considerations 
Å Natural variability ς seasonal, daily, weather-related (hydrologically 

controlled) 
Å Landscape influence 
ïHydrological response to weather events 

Å Baseflow versus stormflow water chemistry 
ï Informed by WHY, WHAT, HOW, WHEN, WHERE planning 

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

Å{ƻƳŜ ǾŀǊƛŀōƭŜǎ Ŏŀƴ ōŜ άŜŀǎƛƭȅέ ƳƻƴƛǘƻǊŜŘ ǿƛǘƘ ƘƛƎƘ ŦǊŜǉǳŜƴŎȅ 
ïEasy = inexpensive and/or quick and/or with sensors 

Å Some require grab samples or automated sampling and processing 
by water chemistry labs or with low-cost alternatives 
ïKey is anticipating frequency of sampling need to detect differences 



Concentrations versus Loadings? 
ÅConcentration = how much of analyte is in a certain 

volume of water (mg/l, ppm) 
ÅLoads = amount of analyte delivered through a stream 

cross section over a defined period of time, a.k.a. 
άŦƭǳȄέ όƪƎκyr) and is a function of analyte 
concentrations and total discharge over time 
ïRequires quantification of stream flow 
Årequires monitoring stream stage height and development of 
άǊŀǘƛƴƎ ŎǳǊǾŜέ ǘƻ ŜǎǘƛƳŀǘŜ ƛƴǎǘŀƴǘŀƴŜƻǳǎ ŘƛǎŎƘŀǊƎŜ ς cfs or m3/s 

ïRequires quantification of concentration over many 
different discharges to develop analyte specific rating 
curves 
ïThis is a challenging monitoring effort ς made easier by the 

thousands of USGS gaging stations throughout the U.S.) 



Water Chemistry ς  
What should I measure?  

ÅWhat ever you choose to measure and 
ǿƘŀǘŜǾŜǊ ƳŜǘƘƻŘ ŎƘƻƻǎŜΧ 

ïGood chemical monitoring requires significant 
attention to quality assurance and control! 



Quality Assurance, Quality Control, 
and Quality Assessment Measures 

ÅActivities undertaken to demonstrate  
ïaccuracy όƘƻǿ ŎƭƻǎŜ ǘƻ άǊŜŀƭέ ǊŜǎǳƭǘ ȅƻǳ ŀǊŜύ ŀƴŘ 

ïprecision (how reproducible are your results?) 

ÅQAPP ς Quality Assurance Project Plan 
ïBroad plan for maintaining quality in ALL aspects of 

your program. Documentation of: 
ÅProcedures 

ÅTraining volunteers/staff 

ÅStudy design 

ÅData management and analysis 

ÅSpecific 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 

ÅQA and QC are closely related concepts, but they are 
fundamentally different in their focus: 
ïQA is the process of managing for quality; 
ïQC is used to verify the quality of the output; 

ÅSound monitoring data requires both QA and QC.  
ÅQuality Assurance ς a set of processes and 

documentation that assures that standards, processes, 
and procedures are appropriate for the project and are 
correctly selected and implemented. But the delivered 
solution itself is never actually quality-ŎƘŜŎƪŜŘΧ  
ÅQuality Control ς a set of tests to verify measurements 

(helps understand/quantify repeatability 
 

https://www.dialog.com.au/open-dialog/the-difference-between-quality-assurance-and-quality-control/  
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QC Internal Checks 
Performed by project field volunteers, staff, and lab. 

Å Field Blanks. Deionized water treated as a sample. Identifies errors or contamination in 
collection and analysis. 

Å Field Duplicates. Duplicate sample collected at the same time & place. Estimates sampling 
and lab analysis precision. 

Å Lab Replicates. A sample split into subsamples at the lab. Each subsample is then analyzed 
and the results compared. Used to test precision of the laboratory measurements. 

Å Spike Samples. Known concentration of the variable being measured is added to sample. 
Increases the concentration by a predictable amount. Used to test accuracy of the method. 

Å Calibration Blank. Deionized water prepared and processed in the lab and treated like a 
sample to "zero" the instrument. Typically the first "sample" analyzed and used to set the 
meter to zero. Different from the field blank in that it is "sampled" in the lab. Used to check 
instrument periodically for "drift" (instrument should always read "0" when this blank is 
measured). Can be compared to field blank to pinpoint where contamination might have 
occurred. 

Å Calibration Standards. Used to calibrate a meter. Consists of one or more "standard 
concentrations" (made up in the lab to specified concentrations) of the variable being 
measured (one of which is the calibration blank).  



QC External Checks 
Performed by non-volunteer field staff and a lab (also known as a "quality control lab"). Results 
are compared with those obtained by the project lab. 

Å External Field Duplicates. Duplicate sample collected and processed by independent (e.g., 
professional) sampler or team at same place/time as regular river samples. Used to estimate 
sampling and laboratory analysis precision. 

Å Split Samples. Sample that 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. 

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

Å Knowns. Quality control lab sends samples for selected indicators, labeled with the 
concentrations, to the project lab for analysis prior to the first sample run. Samples are 
analyzed and results compared with the known concentrations. Problems are reported to the 
quality control lab. 

Å Unknowns/Blind. Quality control lab sends samples to the project lab for analysis for 
selected indicators, prior to the first sample run. The concentrations of these samples are 
unknown to the project lab. These samples are analyzed and the results reported to the 
quality control lab. Discrepancies are reported to the project lab and a problem identification 
and solving process follows. 

 



QAPP and Chemical Methods 
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Certified Labs ς NELAP 
ÅNational Environmental Laboratory Accreditation Program 

(NELAP) is a national accreditation program developed by 
the NELAC Institute 
ï501(c)(3) non-profit 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 

ÅOrganizes NELAP Accreditation Process at state level ς i.e., 
programs are certified through state-specific programs 

ÅNot all states have accreditation programs 
ïFl, Ill, KS, LA, MN, NH, NJ, NY, OR, PA, TX, UT, VA 

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

http://www.nelac-institute.org/content/NELAP/accred-bodies.php 



Certified Labs ς NELAP 
ÅCertified Labs 
ïAccreditation is method/analyte specific 

ÅJust because a lab/method/analyte is NELAP certified does 
not mean that the accuracy, precision, and detection limit is 
ǎǳŦŦƛŎƛŜƴǘ ǘƻ ŘŜǘŜŎǘ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻǊ ǘƘŜ άŎƘŀƴƎŜέ ǘƘŀǘ 
ȅƻǳ Ƴŀȅ ōŜ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ǉǳŀƴǘƛŦȅƛƴƎΣ ǎƻΧ 
ï¸ƻǳ Ƴǳǎǘ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƭƛƳƛǘǎ ƻŦ ǘƘŜ ƳŜǘƘƻŘǎ ȅƻǳΩǾŜ ŎƘƻǎŜƴ 

and compare to your needs 

ÅIf you choose a lab/method that is not certified ς it is 
critical that you adopt, document, and quantify QA/QC 
metrics (i.e., utilize field blanks, field and lab duplicates, 
ŎŀƭƛōǊŀǘƛƻƴǎΣ ǎǘŀƴŘŀǊŘǎΣ ŜǘŎΧύ 
ïEspecially if you have legal or regulatory requirements to your 

monitoring program  



With EVERY Choice of Analyte ς 
Choose Method Wisely 

ÅWhat are the expected concentrations that need 
to be measured? 
ÅHow variable is the concentration of the analyte? 
ïi.e., diel, seasonal, stormwater influences, point 

sources? 

ÅIƻǿ ƭŀǊƎŜ ƻǊ ǎƳŀƭƭ ƻŦ ŀ άŎƘŀƴƎŜέ ƛƴ ŎƻƴŎŜƴǘǊŀǘƛƻƴ 
do you need to detect? 
ÅLeads to choices informing needs for: 
ïMethod detection limit, accuracy, precision, QA/QC 

plans/demands (documentation and data 
management is not trivial!) 



 

http://piscesfoundation.org/empowering-the-public-with-a-suite-of-water-quality-

monitoring-technologies/  
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Low Cost Water Quality Options 

ÅRapidly expanding set of tools 

ÅNeed to focus on YOUR NEEDS for accuracy, 
ǇǊŜŎƛǎƛƻƴΣ ŘŜǘŜŎǘƛƻƴ ƭƛƳƛǘǎΣ ŜǘŎΧ 

 

Å9ȄŀƳǇƭŜΥ ŎƻƭƻǊƛƳŜǘŜǊǎΧ 



 



 



 



Colorimeter Kits 
Open source hardware/software (Arduino) 

Analyte and 
Method Lists 

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

pH 
Hardness 
Salinity 

SO4, K, Pb, Fe, 
Ca+Mg,  

NO3, NO2, NH3 

Phosphate 

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


Exploring Equipment, Data Loggers, 
Sensors 

ÅLƴǘǊƻ ǘƻ {ǘǊƻǳŘΩǎ EnviroDIY ŜŦŦƻǊǘǎ ŦƻǊ άƭƻǿŜǊ-
ŎƻǎǘέΣ Řƻ-it-yourself monitoring systems 

 

ÅLƴǘǊƻ ǘƻ ŀ ŦŜǿ ƻŦ ǘƘŜ ƳƻǊŜ άƴƻǘ ǎƻ ƭƻǿ Ŏƻǎǘέ 
options 

ïISCO ς ŀǳǘƻƳŀǘŜŘ άƎǊŀōέ ǎŀƳǇƭƛƴƎ 

ïS::CAN 

ÅSpectrophotometer in a can 



Do-It-Yourself,  
Open-Source  

Wireless Monitoring 
Stations 



Sensor Networks:  Cost vs. Coverage 

CR1000 Measurement & 

Control Datalogger 

 

$1400 

ÅCampbell Scientific data-loggers & radios  

RF430 spread 

spectrum radio  

 

$600 

AM16/32B 16 or 32 Channel 

Relay Multiplexer 

 

$500 + + 

Total = $2500 



EnviroDIY Mayfly Data Logger Board 



ÅOpen-source wireless 
specification IEEE 802.15.4 

ïSelf-meshing network 

ïUsed in a wide variety of 
home and commercial 
applications 

ÅZigBee Building Automation 

ÅZigBee Smart Energy V2.0 

ÅZigBee Heath Care 

ÅZigBee Retail Services 

ïProgrammable for easy 
customization 



EnviroDIY Mayfly 
Microprocessor & 

Datalogger 

$60 

 

Based on Arduino 

platform 

Cell Phone or 

Radio Modules 

 

$20-40 

Accessories 

(vary depending on need) 

 

$30-90 + + 

	

$5 $10 

Solar Panel 

 $10-35 

$25 

Total = $90-$220 

Sensor Networks:  Cost vs. Coverage 
ÅOpen-source data-loggers & radios  



Sensor Networks:  Cost vs. Coverage 
ÅFocus resources on bare-wire commercial 

sensors 

Decagon, Sensorex, Vaisala, Keller America, Apogee 
Soil moisture, conductivity, redox, carbon dioxide, water depth, oxygen 



Mayfly: Available on Amazon.com 





EnviroDIY Mayfly Logger 








