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Mike Cook. Mike has been with the SonTek/YSI division for 2 years as an Applications Engineer for water quality
and velocity systems. Mike has a PhD in biological and agricultural engineering, and a wealth of experience in
environmental monitoring.
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the means by which data quality can be determined and improved.

To make sure we are all on the same page, | would like to define some key terms we will be using

Lab Sampling is the process of collecting and transporting samples from the environment back to a laboratory for
analysis. We will not be addressing this type of sampling today.

In contrast, Spot Sampling is the process of taking measurements in the field with the use of field sensors.

Spot Sampling has unique data quality challenges such as the need to calibrate sensors prior to each trip to the
field, tests to ensure the sensors have not changed in the course of a field trip, and possible effects of interfering
substances on the sensors.

Continuous Monitoring is the deployment of field sensors in an autonomous mode that may or may not include
telemetry of the data. Monitoring has many data quality challenges as well such as biofouling on sensors, impacts
of environmental extremes on the electronics and sensing components, and damage from natural events or
vandalism..

We will touch on many of challenges in the use of field sensors as well as provide you with some useful guides to
get you started in collecting high quality field data.

With that we will jump to an audience poll to get an idea of levels of experience that the audience has in using
field sensors




Why Use Field Sensors?

e Improves our understanding of hydrology and water quality
v'More effective resource management
v Know about events as they happen — improve decision making
e Provides warnings for events (floods, fish kills, harmful algal
blooms, etc...)
e It is required — flow monitoring as well as TMDLs

» High-resolution networks can identify sources and extent of
pollution in near real time

I will not spend much time on WHY one would want to conduct field monitoring, since | assume | am preaching to
the choir but for any folks new to field sensors, | will quickly hit on some of the most significant advantages.

Natural ecosystems are extremely dynamic .Things change quickly. To better understand natural environments
and the impact we have on them, we need systems that can monitor in relevant time scales

This allows us to:
Make effective resource management decisions
Detect events (natural or mamade) when they are occurring

In some cases, provide warnings to events such as floods, anoxic events or HABs

In more and more instances the use of field sensors is being regulated such as for flow, TMDLs and emerging
construction monitoring

Sensor Networks can identify the sources and transport of pollution in near real time

There is a need to evolve water quality monitoring to a system as robust as weather monitoring
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On this slide we have two examples of Time Series data and | would like to point out how simply looking at a time
series is often the first step in checking data quality.

1) A2 month time series in the upper left shows a number of water quality parameters, many that are tightly
correlated. You can see the significant diurnal swings in this data, giving one a clear understanding of true
dynamics at this site. The correlation amongst water quality parameters is an effective tool for identifying
possible problems in a data set. If an anomaly is spotted in the data, the first thing to do is check for
corresponding swings in correlated parameters. If no correlation is seen, this could be an indication of a
problem with that sensor. You may be able to see some light green and orange spikes in the data from the
Turbidity and BGA sensors. These sensors can be sensitive to particles in the water and occasionally a spike is
seen with no data points leading up to or receding from the spike as well as no correlated spikes form the
other parameters. These are relatively obvious false positives that can be removed. Statistical methods can
also be used to identify spikes.

2) The second time series is of a chlorophyll data set. The user may look at this and say that something happened
to the probe that caused a false spike in the data. You see the nice diurnal cycles of chlorophyll occurring in
the first % of the time series in a predictable pattern. However, when a user becomes experienced in looking
at time series data and conducts pre and post deployment QC checks, you can determine if it is a real event
or not. In this case, the spike was a real, stenn algae bloom event that did cause drinking water quality
problems.
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Just quickly I would like to present two other types of field sensor data

1) Was collected from an automated vertical profiling system. This system generates a time series data set
throughout a water column. Similar to a standard time series, data quality can be quickly checked through
correlations with other parameters. For example, a rain event will often cause a decrease in conductivity and an
increase in turbidity if the site is susceptible to run off. At such a site, if we see a drop in conductivity that does
not show a corresponding jump in turbidity or rain event, this may be an indication of a problem with our
conductivity sensor.

2) The Final data type is a map that can be generated by autonomous vehicles, underway monitoring from boats
or sensor networks. Data quality is often assessed the same way as above with sensor interactions and pre and
post deployment checks.




Now we have reviewed data from a specific station or area, once you install multiple monitoring sites you can
begin to form a monitoring network that provides insight to flow and quality conditions over larger areas. Within
networks it is critical that all stations utilize the same SOPs in order to allow forciomeparisons of the data.

The larger the networks, the more accurate the data will be, the better forecasts and models we will be able to
develop.

Small (17 stations) and Large Networks




