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INTRODUCTION

— Inventory and Monitoring Program resulted from National Parks Omnibus Act — (1998) Congressional
Appropriation

1 Natural Resource Challenge

— Established Vital Signs Long Term_Monitoring Program (base funded)

m Ecological Monitoring Framework comprised of 6 Broad Categories or
Monitoring Components

(Level 1) (Level 2) (Level 3) Vital Sign Potential Measure
Air & Climate
Geology & Soils
Water.............. Water Quality...Water Chem....Water Chem....T,SC, pH, DO, -

Cat/An, Trc.M
Biological Integrity
Human Use
Landscapes

m Establish baseline resource condition and determine status and trends of NPS
resources related to water (includes —quality, quantity, chemistry, hydrology,
aquatic flora and fauna etc.)

B Regulatory — recognized impairments under CWA, (e.g. 303d listed) or elevated
protection (e.g. ONRW status)

B Non-regulatory — resource condition status and trend, threats, stressors, best
indicators to measure at various scales

* DISCLAIMER - Use of firm, trade, and brand names in this presentation is for identification purposes only and does not constitute endorsement by the National Park Service



Vital Sign(?)

1Vital Sign —

— “a subset of physical, chemical and
biological elements and processes of park
ecosystems that are selected to represent
the overall health or condition of park
resources, known or hypothesized effects
of stressors, or elements that have
important human values.”




CONTEXT

| Vital Signs Ecological Monitoring Program

— Decentralized or bottoms up approach but of national
scope (no “nationally consistent study design” in the
same sense as the NAWQA program)

— 270+ resource parks organized into 32 monitoring
networks (some shared or common ecological and
geographical basis)

— 32 separate monitoring plans with a local focus to
meet resource management needs of Network parks

— A national component in compilation, management,

storage and reporting of data [EPA STORET, WRD managed
version (WRD STORET) with additional metadata requirements]



Vital Signs Monitoring Networks
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Water Quality

m Water Quality is one of a subset of Monitoring
Components related to aquatic resources

® Required “core” set of water quality parameters to
be collected in situ servicewide
— Temperature (°C)
— Specific Conductance (uS/cm)
— pH (std. units)
— Dissolved Oxygen (mg/L)

— Flow / Level (should be quantified but may be qualitative/estimated at a
minimum — STORET Severity Index)

* Local networks build on or add to these core parameters (both field and lab
parameters) based on Park’s specific needs and specific goals and
objectives (management needs, other resource assessment or WQ
monitoring issues are integrated with the other ecological monitoring to be
conducted over the long term)

Example: Integration of Air Deposition monitoring (precip. acidity) with ANC
WQ parameter data




Fostering Data Comparabllity and
Consistency in a Decentralized Program

®  Recognize that there are many strengths as well as weaknesses in a
program of such decentralized control characterized by:

— Creativity, empowerment, responsibility for decisions shifted to those at the local level
and those actually doing the plan development and implementation of monitoring

— Better address local resource management issues and concerns
— Program buy-in by park superintendents and staff
— Flexibility to meet various State regulatory protocols under CWA

— One size rarely fits all in NPS (particularly in resource monitoring with the diversity of
NPS resources and monitoring situations)

A Network/park staff with science advisors/cooperators select
— Additional parameters to monitor (beyond core set)
— Water bodies to monitor & Sampling design (e.g. judgmental, probabilistic, hybrid)
— Protocols & SOPs to follow (States, other Federal Agencies, customized)
— Instruments to procure*

@ Major concern is fostering consistency in data collection and maximizing the
comparability of resulting data where possible (seems to be a common
problem or shared objective among the many agencies conducting water
guality monitoring — can be more problematic when driven by local resource
management needs or goals and objectives)



HOW?? (one small way/step)

@ Propose/initiate discussion of a “straw man”
streamlined protocol for error checking of water quality
Instruments/sensors to be applied servicewide in NPS
and one that could be widely accepted and employed
across multiple agencies (if feasible) — focus of this
presentation is:

— to facilitate the shared goal of obtaining the best quality data at
the least cost and burden to monitoring staff,

— using a multiparameter water quality instrument/sonde sensor
error check protocol as a possible example,

— performed post-calibration but pre-field mobilization (i.e. under
controlled office or lab conditions before heading into field)




WQ FIELD
INSTRUMENTS/MONITORS

(2006)

@ Sondes/Multiparameter Probes & Displays

— YSI 6 Series Datasondes & Minisondes
A MDS 650 Display System
— Software: Ecowatch for Windows*
— Hydrolab Series 5a Datasondes & Minisondes

A Surveyor 4 display
— Software: Hydras3 LT*

— In-Situ Troll MP9000/9500

1 Rugged Reader
— Software: Win-Situ / Pocket-Situ*

Also PDA based HydroPlus software integrates Windows CE computer, GPS
receiver, with any 3 of the above WQ Monitoring instruments

* Others e.g. Eureka Environmental (NOT EVALUATED by NPS)
Manta Multiprobe
- Amphibian Display
- Software: Easy Data

(Horiba, Global Water, Stevens, etc.)

* May combine with various telemetry systems for automated monitoring



WQ SENSORS

@ Core Parameters (freshwater)
— Temperature (C°*)
— Specific Conductance (US/cm*) (raw cond., salinity, TDS)
— pH su*
— Dissolved Oxygen (DO) (mg/I*) (w/ barometric Pressure)
— Level/Depth (vented or un-vented depends on use as depth or
stage/level measurement)*
1 Others

— Turbidity (NTU*)

— ORP (mv¥)

— Chlorophyll a

— lon selective: Nitrate, Ammonia, Chloride, (not recommended)
— TDG, Rhodamine WT, PAR; can fill other niche/specialty monitoring needs

* required reporting units of measurement
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Why Don'’t all Vendors Instruments Provide the
Same Measurements for the Same Sample?

m  Often use different built-in algorithms to obtain a derived or computed value

from an indirect measure

e.g. Temp-meas. is based on expansion of a metal composite converted to a temp., pH based on meas. of mv potential
across a glass membrane & automatically fit to different slopes for different temperatures (i.e. temperature
compensated), DO-meas. potential (mv) across a membrane & relate that to a DO concentration w/ automated

correction for salinity and temperature

1 Vendors Sometimes Use Different Conventions
e.g. %DO - YSI bases all measures on value for 100% DO at sea level (Their std. “DOsat %" convention)*
- In-Situ and Hydrolab base on actual 100% DO saturation for the site elevation your at
[Thus: YSI instrument will always report a lower %DO value when above sea level unless set up in

DOsat% Local mode — Software version 2.13 (2001 & later)]
ORP - YSI & In-Situ based ORP measure on the Ag/AgCI Half-cell reaction or 3M KCI AgAgCl scale (Ag/AgCI

ref. electrode)
- Hydrolab based ORP determination on Hydrogen Half-cell reaction or NHE scale (Ag/AgCl ref. sensor)
*results in ~ 200 myv difference in measured values due to the scale “offset” when calibrated with the same

standard (e.g. Zobell solution) using +428 mv (NHE Hydrogen scale) vs +229 mv (Ag/AgCl scale) @ 25° C

Always some measurement error differences (inaccuracy — due to sensor differences in linearity, response time,
sensitivity to pressure, temperature, flow and drift that may cause bias/systematic error and lack of
precision/random error plus operator controlled variables (e.g. quality of Calibration Stds., meas. residence

time, sensor maintenance and calibration technique and frequency).

1 YSI Version 2.13 of 6 - Series code available since late 2001 now allows setup in “DOsat %" Local, but must do this
setup yourself as new sondes are still provided in the conventional DOsat % mode. WRD recommends use of the
“DOsat %” Local mode for purposes of standardization and Servicewide comparison of data (see ops manual for

setup instructions).




Servicewide Consistency

a1 How do we foster similar levels of data quality
Servicewide and some consistency in instrument use
without placing undo burden on networks?

— In Recognition that:

A Much of the reported data in future will be synoptic or continuous field
measurements performed with these types of instruments/sondes under
monitoring programs with different goals and objectives

1 Goals and objectives drive the monitoring protocols selected but everyone wants
the highest quality data they can afford with minimum burden to monitoring staff

1 QA/QC of field measurements may not have been the best in the past (nor
comparable to that of labs) — QAPP often lacking

1 There is elegance in simplicity (KISS - underlying MO)

1 |s interagency acceptance and wide application of a single protocol too much to
hope for?

1 Are post-calibration error check protocols to be followed for at least the core field
measurement parameters, a feasible way to go?



Pre-mobilization Post-calibration Error
Check Determinations

@ Standardize across NPS and possibly adopt by other cooperators/agencies
(NPS — to apply to core parameters at first — other sensor checks may be
added later)

a1 Perform calibration and establish sensor error/accuracy under controlled
office/lab setting before heading to field

(do sensors meet some acceptable error measurement criteria when
measured against some standard or reference solution in a QC check*)

1 Keep the protocol simple and general enough so that:
— can be performed easily at office or minimal (park) lab

— does not require highly specialized equipment, overly expensive calibration
standards/equipment, or significant training

— would apply equally well to most/all vendor’s instruments

1 If sensor fails QC/error check, troubleshoot according to manufacturer’s
O&M instructions or replace sensor if can not be brought into error specs.

*variously referred to as “Maximum Acceptable Differences” (EMAP QAPP, 2001), “Calibration Criteria” (USGS 2006)
or “Range of Acceptable Differences” (USGS, 2000)



Temperature Sensor (Thermistor) (°C)

@ Calibration — None

— Thermistors are not calibrated locally (only done by manufacturer; generally a one-time
need), sensors can only be “calibration checked” by user against some NIST-
certified or NIST-traceable* thermometer (generally -5° to 45° ¢ w/ 0.1° div. or similar)

— several other sensors provide temperature compensated values!!

— thermistors are usually very linear and relatively bullet proof under today’s
manufacturing specifications (least likely of all sensors to fail — report in units of °C)

d Error Check Protocol

— single point error checks most easily done in sink water bath or bucket at/
very near stabilized room temperature (let water sit overnight in sink or use insulated
container for error check of tap water bath at/near room temperature to minimize temp. gradient affects)

(0] 34

— Optional error check in temperature range of anticipated environmental water
but will require stabilized water bath and minimizing temperature gradients

(perform within insolated container) (read /est. Temp. values to two decimal places - i.e.
hundredths °C from 1 or 2 NIST-traceable thermometers)

—  *NIST-traceable thermometers are recommended (< $30 vs. > $600 for Certified)

—  *see USGS protocols for more comprehensive calibration checks of thermistors to be performed quarterly or annually across a full
range of temperatures (typically at 5 points from an ice water bath to 40 °C)

—  USGS sensor (thermistor) Calibration Criteria for performing claibration checks in Continuous Monitoring applications (0.2 © C)



Specific Conductance (uUS/cm)

@ |s the Temperature Compensated (25°C) value of raw conductivity*

(conductivity meas. can differ from SC by up to 3% per °C) (also report raw
conductivity value which is actually measured, specific conductance is a derived value)

® Calibration
= Slngle Point calibration (follow triple rinse procedures & dry sensor)
— Recommend use either a 1000 or 1413 yS/cm standard to calibrate why - less

likely to have solution carry-over issue)

1 Error Check Procedure

— Perform sensor error measurement check with both 100 uS/cm and 10,000

MS/cm calibration standards (use for monitoring waters in 1 to 10,000 uS/cm or more
range)

— Perform Sensor Measurement Error Calc. for each standard measured at
end of range (100 uS/cm and 10,000 uS/cm)

— Dry Sensor and confirm specific conductance in air (0 uS/cm)

* Can modify for use in salinity (salt water) measurements when marine monitoring.



pH (su)

@ Calibration

— Perform a 2-pt.calibration that brackets most likely environmental waters to
be monitored (i.e. pH 7 buffer with either a pH 4 or pH 10 second buffer);
Note: Multi-parameter field pH meters are generally automatically temperature compensated
by the instrument software/built-in algorithm to reflect changes in sensor slope (mv vs pH plot
at different temperature), but not calibration temperature compensated for buffer temperature
variance (temperature induced offsets in buffer [H+] due to buffers departure from standard
temperature), so use the pH value provided for standard adjusted for the actual lab/office
temperature (or other location) at which calibration is performed [small due to room
temperature normally close to std. temp. (25 °C)]

@ Error Check Procedure
— Use third remaining pH standard buffer as error check (e.g. pH 4 or pH 10)

1 If sensor fails error criteria, before rejecting, perform 3 point calibration (e.g. pH 4, 7 & 10)
and then error check against pH 4 and 10 to determine if error criteria are met.

1 *Check stability of pH measure in DI water if low ionic strength (<50 uS/cm) environmental
water is likely to be encountered in field. (Some vendors require a low ionic strength pH
sensor for use in low ionic strength waters)



Dissolved Oxygen (DO mg/L)

@ Calibration

— Single point calibration in 100% water saturated air for the local station barometric
pressure of site (i.e. barometric pressure that factors in current weather and elevation
condition your at in mm-Hg uncorrected to sea level) — for new luminescent DO
sensors see manufacturer’'s recommendations for calibration

® Error Check Procedure - Three or more error check methods available:

(1) Prepare zero DO solution [sodium sulfite (~1g) & cobaltous chloride

crystals (3 to 5) in 1 liter poly bottle of DI water prepares a check solution of
< 0.2 mg/L DO]

(2) Using a bubbler system generate a 100% O: saturated water bath (at
existing/current BP and altitude conditions) and compare probe measured value
to DO tables (USGS) corrected for BP mm-Hg (uncorrected to sea level)

(3) Perform Winkler Titration (idometric titration) on stabilized, saturated DO water

sample (e.g. from sink water bath) using Hach 8215/8332 Azide Modification
methods for a sample in the range of either :

1 a.1mg/L to 10 mg/L or
1 b.>10 mg/L range



Additional QC Checks

3 Vendor or Instrument Specific Checks - (range per

manufacturer’s spec.)

— pH buffer values - millivolt response & span/slope,
— DO Charge, DO gain (unattended sampling mode)
— Conductivity Cell Constant (confirm appropriate for your use)

@ General Reminders
— Battery/Power Level of Sonde/Display
— Barometer (of display or separate barometer)
— Internal Clock Time (datalogger)



Summary

Pre-mobilization, Post-calibration Sensor Error Check Criteria

Compared to other Field QC Criteria

CORE EPA EMAP et. al. NPS Proposed USGS
PARAMETER (2001) (2006 Guidance) (2006)"

(NPS) (Max. Accept. Diff.) (Error Check Criteria) | (Calibration Criteria)
Temperature +1°C + 0.4 °C + 0.2 °C
Specific + 5% +5 uS/cme | =5 puS/cme
Conductance or 3% or 3%
pH + 0.5 su + 0.3 su® + 0.2 pH units
DO conc. +0.5mg/L | +0.3mg/L | +£0.3 mg/L
Dl ceal + 6% + 4%

(1) Based on stabilization Criteria of Wilde and Radke (2005)

(2) Whichever is greater

(3) After 3-pt. calibration, if necessary



o

Supplies Needed

(minimum)

NIST-traceable (inexpensive) thermometer (rec. two)
Conductivity calibration stds. (100, 1413, 10,000 uS/cm)
pH buffer std. solns. (pH of 4, 7, 10 su)

Sodium Sulfite (Anhydrous) & Cobalt Chloride Crystals

Bubble box or aquarium air pump w/stone bubbler,
tubing and flow cell

DO Single Parameter Test Kit (e.g. Hach OX-DT) for
Winkler titration

*any reference to a vendor product in this presentation is for example only
and does not reflect an endorsement by NPS of their product



Other Areas of Standardization

B B E N

Reporting units*

Reporting conventions (significant figures)*

Corrections for sensor fouling and instrument drift*

Generally accepted minimum sensor stabilization times and criteria*

Methods of sonde transportation to/from field
and deployment under more extreme field
conditions (cold, hot, geothermal, pressure
change assoc. w/aircraft transport)

— Reduce shock, minimize exposure to temperature extremes, keep sensors moist & shielded
from certain frequency ranges of EM radiation — clearinghouse of information on what works

best in the field

* Generally addressed well in USGS Continuous Monitoring documents (2000,
2006)



Final Caveat

@ Welcome any other input or suggestions to
Improve development of a standardized, WQ
sensor error check protocol that would be widely
accepted and could be expanded to additional
parameters as appropriate:

— that balances the desire for keeping this error check
procedure as streamlined as possible so it will be
widely used,

— while maintaining or improving its QA/QC aspects,

— encourages vendors to design hardware and software
systems that provide for multiple QC check options

pete_penoyer@nps.gov
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