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How do we monitor water quality?
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How do we monitor water quality?

Discrete Sampling
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How do we monitor water quality?

Discrete Sampling Continuous Monitoring
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How do we monitor water quality?

Discrete Sampling New Capabilities Continuous Monitoring
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Remote Sensing
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How do we monitor

water quality?

Discrete Sampling

From: Kirchner et al. 2004, Hydrologic Processes
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How do we monitor
water quality?

“...typical weekly or monthly monitoring
programmes cannot capture the short-term chemical
dynamics that most closely reflect hydrological
processes. Thus high-frequency chemical
observations will be essential in developing,
calibrating, and validating the next generation of
catchment models.”

From: Kirchner et al. 2004, Hydrologic Processes
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. . . . . HYDROLOGICAL PROCESSES
High temporal resolution of ion fluxes in semi-natural

ecosystems — gain of information or waste of
resources?
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How do we monitor water quality?
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http://www.act-us.info/database
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ACT TECHNOLOGIES DATABASE

The ACT Technology Database pdated i rion used for coastal and ocean science and observations, designed to help
you identify technologies available to mest your specific nesds. Search by environmental parameters, sensor types or manufacturers.
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What we monitor well

Physical properties:

Temperature
Flow/current USGS Current Water Data for the Nation
Stage/height [ — T
Daily Streamflow Conditions
Chemical properties: f

Conductivity*




What we monitor well

Conductivity*

Mature # Accurate

*Continued need for QA/QC
when using sensors.

Slide courtesy of M. Tamburri, ACT
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What has improved in recent years

Physical properties:
Suspended solids/turbidity*

Chemical properties:
Nutrients (dissolved N, P)*

Dissolved oxygen*
PH

Biological constituents:
Algal biomass (Chl)




What has improved in recent years

Suspended solids/turbidity*

Kabbara et al. 2008, ISPRS J.

New algorithms allow use of satellite data
(e.g. Landsat) for monitoring turbidity in
shallow, coastal waters



1. Blue LED emits blue light.

What has improved in recent years |

3. Excited lumiphore molecules emit red light
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7. Electronics calculate DO concentration.

y

mg/L DO reported

In Situ White Paper

1960’s - Electrochemical DO

. * measurement 2000’s - Optical /luminescence
Dissolved OoXygen - Clark cell electrodes: high cost DO measurement
for replacing membranes, flow - Lower replacement costs
dependent - More resistant to fouling

ASTM D888 - 12el: Standard Test Methods for Dissolved Oxygen in Water (2012)
Test Method A - Titrimetric Procedure

Test Method B - Instrumental Probe Procedure - Electrochemical

Test Method C - Instrumental Probe Procedure - Luminescence-Based Sensor



What has improved in recent years

Nutrients (dissolved N, P)*

Ne — ==

Nitrate sensors

lon-selective electrodes Optical spectrophotometry
Issues of fouling, drift, - More stable, less fouling
specificity, etc. - SSS
S

Phosphate sensors
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What has improved in recent years

Optical nitrate sensors

_=-— - More stable, less fouling

- 555

Continuous nitrate monitoring changes how we
understand and model nutrient fluxes (e.g. from MRB)

Nutrients (dissolved N, P)*

Monthly NO, load (10° kg N/mo)
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What has improved in
recent years

Nutrients (dissolved N, P)*

@ Nutrient Sensor Challenge

A Water Sensor Market Stimulation Challenge

Federal agencies, the Alliance for Coastal Technologies, and other
partners CHALLENGE YOU to join the effort to develop affordable,
accurate, and reliable nutrient sensors!

Registration closes March 16, 2015
ﬂ-.:,_—"‘__..--"":"—:‘-\ _ﬂﬁ S

Mutrient Sensor Features

= Measures dissolved nitrate and/or  + Less than 55,000 purchase price

13! hata
BGART * Unattended deployments for
* Pravides real-time data I months
* Easy to use * Highly accurate and precise
Benefits to Participants
= High-visibility exposure * Leadership in an emerging market
= Werified sensor performance + Access to potential partners,
through no-cost beta- and supporters, and customers

verification testing

What about the Calling all sensor Sensor users:
market? innovators! provide your input

The market for We encourage This is a market
affordatle nutrient nnovators with stimulaticn Challenge,
sansars spans the glebe, technolegies in all which means that end
and is growing across phases of development usars have a koy role to
the LS o participate play, Let us know how

t 7 . you would use sensors
itk the Heqister 1o participate

potential market Share your input



What still needs basic innovation

Chemical properties:

Total nutrients
Micronutrients
Metals
Organics

Biological constituents:

Bacteria - pathogens,
indicators™
Microbiological threats
Biological diversity



What still needs basic innovation

University of Southampton

BIOSENSORS
i BIOELECTRONICS New sensor to detect harmful

2.1

EVIE Biosensors & Bioelectronics 14 (1999) 599624 bacteria on food indu stry su rfaces

www.elsevier.com/locate/bios

A

ELS

11 June 2014

y A new device designed to sample and detect
foodborne bacteria is being trialled by scientists at
the University of Southampton.

Review
Biosensors for detection of pathogenic bacteria

Dmitri Ivnitski, lhab Abdel-Hamid. Plamen Atanasov, Ebtisam Wilkins *

Department of Chemical and Nuclear Engineering, University of New Mexico, Albuguerque, NM 87131, USA
Received 23 November 1998; received in revised form 1 June 1999; accepted 19 July 1999

Biological constituents:

J Wis Exp. 2013 Apr 23;(74):e4282. doi: 10.3791/4282.
Bacterial detection & identification using electrochemical sensors.

Halford C", Gau V, Churchill BM, Haake DA, B a Cte ri a - at h O e n S
* Author information p g )
Abstract . . *

Electrochemical sensors are widely used for rapid and accurate measurement of bleed glucose and can be adapted for detection of a wide variety of I n d I Ca to rS

analytes. Electrochemical sensors operate by transducing a biclegical recognition event inte a useful electrical signal. Signal transduction cccurs by

coupling the activity of a redox enzyme to an amperometric electrode. Sensor specificity is either an inherent characteristic of the enzyme, glucose

oxidase in the case of a glucose sensor, or a preduct of linkage between the enzyme and an antibody or probe. Here, we describe an

electrochemical sensor assay method to directly detect and identify bacteria. In every case, the probes described here are DNA cligonuclectides.

This methed is based on sandwich hybridization of capture and detector probes with target ribosomal RNA (rRNA). The capture probe is anchored to

the sensor surface, while the detector probe is linked to horseradish peroxidase (HRP). When a substrate such as 3,355 tetramethylbenzidine

(TMB}) is added to an electrode with capture-target-detector complexes bound to its surface, the substrate is oxidized by HRP and reduced by the

working electrode. This redox cycle results in shuttling of electrons by the substrate from the electrode to HRP, preducing current flow in the
electrode.



Promising new approaches: Using proxies

river water wastewater

Wastewater Sensor Development

550

= Several manufacturers developing/ testing
sensors for low UV protein-like fluorescence
peaks as wastewater indicators 500 -

= Model predictions of human-specific bacteria
for targeted sampling
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Promising new approaches: Using proxies
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Combined use of existing sensors to detect threats/pollutants

= Utilize existing sensor systems for online monitoring and event detection
= US EPA ORD National Homeland Security Research Center

CANARY: On-line Water Quality Parameters as Indicators of Distribution System

Contamination. (J Hall, et al., 2007. J of AWWA)
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Response of chlorine (Cl") and total organic carbon (TOC) sensors to input of potassium ferrocyanide (left) and
malathion pesticide (right) (Hall et al., 2007. J of AWWA)




Ways to stimulate Innovation and Adoption

Innovation/Acceleration

e AU
y WENDY SCHM ! i—§ s
= - OCEAN HEA xp y4 3
INTEGRAT ﬂﬂ[ EAN DBSE HUHSFS [STEM e

Ocean Technology Transition Project

I00S advances technology through the transition of ocean,
coastal, and marine sensors and platforms to operations

® Nutrient Sensor Challenge

4 NEMI

National Environmental Methods Index
NWOQMC

Adoption

- Renewed emphasis on
understanding uncertainty

around WQ data

2014 National Water Quality
Monitoring Conference Session:
Continuous Monitoring: Uncertainty
and Bias and Prediction... Oh My!

Stewart Rounds, USGS

- Rigorous statistical approaches (e.g.
“GUM” Guide to the Expression of
Uncertainty in Measurement)

- Simpler statistical approaches (e.g.
root mean square error)



Closing thoughts

* Water quality monitoring has come a long way and is continuing
along an exciting path of innovation

e Advanced monitoring is already changing the way we understand,
model, and manage systems

e There are many parameters we can monitor well and reliably...
e ... but many more that are still in need of basic innovation

e Exciting near-term advancements include:
e Using proxies
e Accelerating on-the-cusp technologies
e Better understanding/quantifying uncertainty



Thank you!

Beth A. Stauffer, Ph.D.
stauffer@louisiana.edu
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