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Use of and Capabilities of In-Stu Nutrient Sensors

EXECUTIVE SUMMARY

This sudy was conducted for the Alliance for Coastd Technologies (ACT) to gather data about
the use of in-Stu nutrient sensors. The study entailed atelephone survey of professondsin the
coastal resources field, such as biologists, researchers, and coastal managers, who are currently
involved in measuring nutrients. For the survey, telephones were selected as the preferred
sampling medium because of the universdity of telephone ownership. The telephone survey
guestionnaire was devel oped cooperatively by Responsive Management and the ACT.
Responsive Management conducted a pre-test of the questionnaire, and revisions were made to
the questionnaire based on the pre-test.

I nterviews were conducted Monday through Friday from 9:00a.m. to 9:00p.m., Saturday noon to
5:00p.m., and Sunday from 3:00p.m. to 9:00p.m., dl locdl time. The survey was conducted in
February 2005. Responsive Management obtained atota of 56 completed interviews. The
software used for data collection was Questionnaire Programming Language 4.1. The andysis

of datawas performed using Statistical Package for the Socia Sciences software as well as
proprietary software developed by Responsive Management.

NUTRIENTS AND AQUATIC ENVIRONMENTS OF INTEREST

» Overwhdmingly, respondents listed their primary area of interest as research (79%), while
14% ligted their primary area of interest as resource management; however, the question
asked for the primary area of interest and allowed only one response, and some of those who
listed their area of interest as research indicated that they also had resource management
responghilities.

> Respondents who indicated that they are currently measuring nutrients can be categorized as
follows those who usein-Situ nutrient sensors and those who do not use in-Stu nutrient
sensors. Those who do not use in-Stu nutrient sensors were asked about the use of in-house

sample analyses, outside |aboratory for analyses, or both for measuring nutrients.
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» The nutrients most of interest/concern are nitrates/nitrites (98% said they are interested/
concerned with these), phosphates (98%), anmonium (88%), and silicate (70%).
An overwheming mgority of respondents (88%) are measuring nitrates/nitrites.
A large mgority of respondents (79%) are currently measuring phosphates.
A large mgority of respondents (70%) are currently measuring ammonium.
A dight mgority of respondents (55%) are currently measuring slicate.
A fifth of respondents (20%) indicated that they are currently measuring other nutrients
(other than nitrates/nitrites, phosphates, anmmonium, and slicate). Other nutrients of

interest include nitrogen, carbon, and various metas.

» Thetop aquatic environment of interest is estuarine, followed by coastal/nearshore, open
ocean, and rivers/lakes/freshwater wetland/groundwater. Water depths of interest appear to
be evenly distributed among shdlow, intermediate, and deep water.

REASONS FOR NOT MEASURING PARTICULAR NUTRIENTS OR NOT USING IN-STU
SENSORS

> Cost, lack of time, and technica expertise limitations are three important congraints to use of

in-Situ sensors, amnong those not currently measuring a nutrient of interest.

» Cod and lack of confidence in data are the top congtraints to use of in-Stu nutrient sensors,
among those not using an in-Stu nutrient sensor.
In arelated question, when respondents were asked if they had plans to purchase new
commercia sensors within the next 2 years, those who did not have plans most
commonly cited lack of need and cost.

SPECIFIC PROCEDURESASPECTS OF MEASURING NUTRIENTS
» About haf of the sample of coasta professonds (48%) currently use in-Stu nutrient Sensors,
and these are typically commercia products, dthough a substantial percentage are a

combination of commercia and custom-made.
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>

The most common application for nutrient sensors is as a deployed sensor on aremote

platform for continuous in-Stu measurements.

A magority of those who use in-Situ nutrient sensors take measurements hourly (59%), by far

the leading answer.

About athird of respondents (34%) are required to use specific gpproved analytica
techniques and procedures, most commonly EPA-approved methods.

Nearly athird of respondents (29%) said their sensor needs or requirements are norstandard.

In-sStu nutrient sensors are used by mgorities of respondents for absolute concentrations
(73%) aswell asfor rdative changes (55%) in the nutrient(s) being measured.

A mgority of coastd professionas (68%) measure nutrients in uM (micromolars), while
40% measure nutrients in mg/l (milligrams per liter); these percents include the 11% who

measure using both.

Nearly afifth of respondents (18%) indicated thet there are detection limits for nutrients that
they measure that are set by regulations or other needs of the data.

An overwhdming mgority of respondents conduct their own absolute calibrations (83%).

An overwheming mgjority of coasta professionds (81%) use in-house sample andysesto
measure nutrients at least some of the time, with most of those using in-house sample
andyses exclusively; 38% contract with alaboratory to conduct andlyses at least some of the
time, with about half of those usng an outsde lab exclusively.

The performance characteristics of most importance are rdiability, accuracy, precison,
range/detection limits, and key operationd parameters.
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» The overwhdming mgority of those who plan to purchase new commercia sensorswithin

the next 2 years (85%) will have atrained person on staff to operate the new sensor.

LIMITATIONS OF SENSORS
» Cog, rdiability, and in-field maintenance are the top areas in which current in-gtu nutrient
sensors have limitations, do not meet expectations, or do not meet needs.

> Easeof cdibration, rdiability/durability/maintenance, andyticd time, hardware,
software/data management, and range/detection limits are the top areas in which in-house
sample analyses have limitations, do not meet expectations, or do not meet needs—al of
these responses had more than 20% giving the answer (of those who use in-house sample
analyses as opposed to those who use an outside subcontract |aboratory for analyses).

> Andyticd timeisthetop limitation on contracted laboratory anayses.
40% indicated that their contracted laboratory andyses had no sgnificant limitations.

PURCHASING NEW SENSORS
> A littlelessthan half of respondents (46%) indicated plans to purchase new commercid
sensors within the next 2 years.

The overwheming mgjority of those who plan to purchase new commercid sensors
within the next 2 years will have atrained person on staff to operate the new sensor.
Many respondents indicated that they will consder a different type of sensor type than
the one they are currently using.
Common reasons for planning to purchase new commercia sensorsinclude an interest in
new technology/new technology will address needs, facility/program expansion, and for
replacement (other answers added a cavest regarding availability of funding).

Common congtraints to purchases of new commercial sensors are lack of need and cogt.
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» Regarding what respondents (those who plan to acquire/purchase new equipment and will

consder adifferent sensor type) require or would like to see in terms of customer support:
16 of the 20 respondents mentioned the need for training of some kind, and 11 of them
secificdly sad on-sitetraining
4 respondents specifically mentioned on-Ste set-up (these 4 also said on-gte training).
7 mentioned ongoing support (4 wanted telephone support, 1 wanted on-line support, 2
did not specify medium of support).
3 mentioned a good manud.
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INTRODUCTION AND METHODOLOGY

This study was conducted for the Alliance for Coastal Technologies (ACT) to gather data about
the use of in-Stu nutrient sensors. The study entailed atelephone survey of professondsin the
coastal resources field, such as biologists, researchers, and coastd managers, who are currently
involved in measuring nutrients.  Specific aspects of the research methodology are discussed
below.

For the survey, telephones were selected as the preferred sampling medium because of the
universality of telephone ownership. In addition, a central polling Ste & the Responsive
Management office alowed for rigorous qudity control over the interviews and data collection.
Responsive Management maintainsits own in-house telephone interviewing facilities. These
fadlities are staffed by interviewers with experience conducting computer-assisted telephone
interviews on the subjects of natural resources. The telephone survey questionnaire was
developed cooperatively by Responsive Management and the ACT. Responsive Management
conducted a pre-test of the questionnaire, and revisions were made to the questionnaire based on

the pre-test.

To ensure the integrity of the telephone survey data, Responsive Management has interviewers
who have been trained according to the standards established by the Council of American Survey
Research Organizations. Methods of ingtruction included lecture and role-playing. The Survey
Center Managers conducted project briefings with the interviewers prior to the administration of
the survey. Interviewers were ingtructed on type of study, study goa's and objectives, handling
of survey questions, interview length, termination points and qudifiers for participation,
interviewer ingructions within the survey indrument, reading of the survey instrument, skip
patterns, and probing and clarifying techniques necessary for specific questions on the survey
ingrument. The Survey Center Managers randomly monitored tel ephone workstations without
the interviewers knowledge to evaluate the performance of each interviewer. After the surveys
were obtained by the interviewers, the Survey Center Managers and/or statisticians edited each

completed survey to ensure clarity and completeness.
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Interviews were conducted Monday through Friday from 9:00am. to 9:00p.m., Saturday noon to
5:00p.m., and Sunday from 3:00p.m. to 9:00p.m., dl loca time. A five-calback design was used
to maintain the representativeness of the sample, to avoid bias toward people easy to reach by
telephone, and to provide an equa opportunity for al to participate. When a respondent could
not be reached on thefirst call, subsequent cals were placed on different days of the week and at
different times of the day. The survey was conducted in February 2005. Responsive

Management obtained atotal of 56 completed interviews.

The software used for data collection was Questionnaire Programming Language 4.1 (QPL).
The survey data were entered into the computer as each interview was being conducted,
eliminating manud data entry after the completion of the survey and the concomitant data entry
errors that may occur with manua data entry. The survey ingrument was programmed so that
QPL branched, coded, and substituted phrasesin the survey based on previous responses to
enaure the integrity and consistency of the data collection. The analysis of data was performed
using Statistical Package for the Socid Sciences software as wdll as proprietary software
developed by Responsive Management.

Note that some results may not sum to exactly 100% because of rounding.



Use of and Capabilities of In-Stu Nutrient Sensors

NUTRIENTS AND AQUATIC ENVIRONMENTS OF INTEREST

» Overwhdmingly, respondents listed their primary area of interest as research (79%), while
14% listed their primary area of interest as resource management; however, the question
asked for the primary area of interest and allowed only one response, and some of those who
listed their area of interest as research indicated that they aso had resource management
responshilities.

> Respondents who indicated thet they are currently measuring nutrients can be categorized as
follows those who use in-Situ nutrient sensors and those who do not use in-Stu nutrient
sensors. Those who do not use in-Situ nutrient sensors were asked about the use of in-house
sample analyses, outside laboratory for andlyses, or both for measuring nutrients. A smal
percentage of those who do not use in-Situ nutrient sensors indicated that they use a method
other than in-house or outside laboratory analyses (these graphs are shown in the section of
the report titled, “ Specific Procedures/Aspects of Measuring Nutrients’).

» The nutrients most of interest/concern are nitrates/nitrites (98% said they are interested/
concerned with these), phosphates (98%), ammonium (88%), and slicate (70%).

» Thetop aquatic environment of interest is estuarine, followed by coastal/nearshore, open
ocean, and rivers/lakesfreshwater wetland/groundwater. Water depths of interest appear to
be evenly distributed among shdlow, intermediate, and deep water.

» Theorganizations of the repondents are listed in the section of this report titled,
“Characterigtics of Sample.”
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Q6. Which of the following best describes your
primary area of interest or application concern?

Research

Resource
management

Environmental
health

0 20 40 60 80 100
Percent (n=56)
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Q9, 10, and 12-16. Which of the following nutrients
are of interest or concern for you?

Nitrates/nitrites
Phosphates
Ammonium

Silicate
Nitrogen

Iron
Organic
carbon
Calcium

Chloride

Trace metals
(unspecified)
Zinc

Bromide

Multiple Responses Allowed

Chlorophyl
Chromium
Copper
Mercury
Oxygen

Sulfides

Organic compounds
(unspecified)

0 20 40 60 80 100
Percent (n=56)
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Multiple Responses Allowed

Q101. Which of the following describes your
primary investigated/monitored aquatic
environment?

Estuarine environment 63

Coastal environment/ near _ 55
shore 1

]

Rivers/lake/ freshwater
wetland/ groundwater

Open ocean _ 46

Shallow water (< 10 meters
3(
depth) -

Intermediate water (10-100

27
meters depth)

Deep water (> 100 meters

depth) 21

Agriculture/ aquaculture I 7

Other I5

Industrial/ waste water 4
treatment F

0O 20 40 60 80 100
Percent (n=56)
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NITRATES/NITRITES
» Anoverwhdming mgority of respondents (88%) are currently measuring nitrates/nitrites.

» Therange of nitrates/nitrites measured is shown in the tabulation below:

Q40 and 71. What is the typical range of concentrations of the nitrates/nitrites you are currently
measuring? (Asked of those who said they are currently measuring nitrates/nitrites.)

Number of
Respondents

<1luM 2

Sub uM-10 pM

Detection limit to 25 puM

0-5 uM

1-9 uM

0-15 uM

0-20 UM

2-25 uM

0-30 UM

15-30 pM

0-40 pM

0-100 pM

10-99 UM

0-120 UM

40-150 pM

10-250 pM

0-2,000 UM

0.002-0.8 mg/l

0.02-3.5 mg/I

<1 mg/l

0-3 mg/!

0.007-5 mg/l

Less than 1-10 mg/l

Detection limit-10 mg/I

Below detection - 20 mg/I

0-10 mg/I

1-9 mgl/l

1-15 mg/l

10-20 mg/I

10-99 mg/l

80-150 mg/l

1-1,000 mg/l

0-20,000 mg/I

0.004mdl

0.5 -10 ppm and 0.05-1ppm

Depends on ocean

Varies

NN N R RN R N ER NEER R EERR

Don't know
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Q17. Are you currently measuring nitrates/nitrites?

Yes

No 13

0 20 40 60 80 100
Percent (n=56)
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PHOSPHATES
> A large mgority of respondents (79%) are currently measuring phosphates.

» Therange of phosphates measured is shown in the tabulation below:

Q42 and 73. What is the typical range of concentrations of the phosphates you are currently
measuring? (Asked of those who said they are currently measuring phosphates.)

Number of
Respondents

<1luM 4

0-0.5 uM

Sub puM-1 pM

0-1.5 pM

0-2 pM

1-2 uM

0-3 UM

0-5 uM

Detection limit-5 pM

0-6 uM

0-10 UM

19 uM

0-20 UM

10-99 uM

0-200 pM

0.006-1 mg/l

0-1 mg/l

Below detection - 5 mg/I

Detection limit-20 mg/I

0.02-34 mg/l

Undetectable-500 mg/l

0.05-0.34 mg/l

0.003-0.3 mg/|

<1 mg/l

0.01-4 mg/I

0-2 mgl/l

6-70 mg/l

0-20,000 mg/l

1-20,000mg/I

0.1 mdl

Depends

Varies

o|lr|r|[r|lr|r|[r|r|Rr[N[ R R Rr[Rr PR Rr PR, R B R R R L[, P| R[]~

Don't know
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Q18. Are you currently measuring phosphates?

Yes

o

20 40 60 80 100
Percent (n=56)
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AMMONIUM
> A large mgority of respondents (70%) are currently measuring ammonium.

» Therange of ammonium measured is shown in the tabulation below:

Q44 and 75. What is the typical range of concentrations of the ammonium you are currently
measuring? (Asked of those who said they are currently measuring ammonium.)

Number of
Respondents

<1luM 1

Detection limit to 10 pM

Sub uM-10 uM

0-2 uM

0-3 pM

0-4 uM

0-5 uM

0-10 uM

1-9 uM

0-12 pM

0-20 UM

0-100 pM

10-99 UM

0-300 pM

0-2000 pM

0.005-0.4 mg/l

0.08-0.9 mg/I

<1 mgl/l

Undetectable-1 mg/I

0.03-1 mg/|
0.1-2 mg/l

0-2 mgl/l

5-100 mg/l

0-20,000 mg/l
1-10,000 mg/I

0.008 mdl

Depends

Don’t know
Varies

IR EN RN RN IR R R
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Q19. Are you currently measuring ammonium?

Yes

o

20 40 60 80 100
Percent (n=56)
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SILICATE

» A dight mgority of respondents (55%) are currently measuring slicate.

» Therange of slicate measured is shown in the tabulation below:

Q46 and 77. What is the typical range of concentrations of the silicate you are currently
measuring? (Asked of those who said the

Number of
Respondents

<1luM

1

Detection limit to 25 pM

Sub uM-50 uM

19 uM

0-25 uM

0-30 UM

0-50 UM

5-60 uM

40-85 pM

1-100 pM

10-99 UM

0-200 pM

10-200 pM

0-230 pM

0-1000 pM

20-200 pM

20-250 pM

0.1-5 mg/l

0.1-10 mg/I

1-5 mg/l

0-5,000 mg/l

100-10,000 mg/l

Depends

Varies

Don't know

IR EE N RN

are currently measuring silicate.)
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Q20. Are you currently measuring silicate?

Yes

20 40 60 80 100
Percent (n=56)

o
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OTHER NUTRIENTS

» A fifth of respondents (20%) indicated that they are currently measuring other nutrients
(other than nitrates/nitrites, phosphates, anmonium, and slicate). Other nutrients of interest
and indications of the number of respondents who measure and who do not measure them are
shown in the tabulation.

Nutrient of Number of Number of
Interest Respondents Respondents
Measuring the Interested in
Nutrient but Not
Measuring the
Nutrient

Bromide 1 0
Calcium 2 0
Carbon 6 0
Chloride 2 0
Chromium 1 0
Copper 0 1

Iron 5 2
Mercury 0 1
Nitrogen 9 4
Other 2 0
Oxygen 1 0
Sulfides 1 0
Trace metals 2 0

Zinc 1 1
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Q26. Are you currently measuring any other
nutrients?

Yes

0 20 40 60 80 100
Percent (n=56)
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REASONS FOR NOT MEASURING PARTICULAR NUTRIENTS
OR NOT USING IN-SITU SENSORS
» Cog, lack of time, and technicd expertise limitations are three important constraints to use of

in-Stu sensors, among those not currently measuring a nutrient of interest.

» Cod and lack of confidence in data are the top congtraints to use of in-Stu nutrient sensors,
among those not using an in-Stu nutrient sensor.
In arelated question, when respondents were asked if they had plans to purchase new
commercia sensors within the next 2 years, those who did not have plans most
commonly cited lack of need and cost (this graph is shown in the section of the report
titled, “Purchasing New Sensors’).
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Multiple Responses Allowed

Q37 and 38. If you have an interest in a nutrient/nutrients
that you are not currently measuring, what are the reasons
you are not currently measuring it/them?

Depends on needs - 11
Lack of time - 9

Technical .7
expertise
Limitations of

available . 5

technology

Lack of technical I2
expertise/ability
Other I2
P reascng . T
measuring

0 20 40 60 80 100
Percent (n=56)

o
~
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Multiple Responses Allowed

Q137 and 138. Why don't you use an in-situ nutrient
sensor? (Asked of those who do not currently use

Cost

Lack of confidence
in data

Not needed

Inappropriate
environment

Not ready yet

Other

In-situ nutrient sensors.)

7

10

48

o

20

40

Percent (n=29)

60

80

100
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SPECIFIC PROCEDURES/ASPECTS OF MEASURING
NUTRIENTS

» About haf of the sample of coasta professonds (48%) currently use in-Stu nutrient Sensors,
and these are typically commercid products.
Of those who currently usein-Stu nutrient sensors, 70% use acommercia product adone,
4% use a custom-designed and custommade sensor, and 26% use a combination of

commercid and custommade.

» Themost common agpplication for nutrient sensorsis as a deployed sensor on aremote
platform for continuous in-Stu measurements.

» A mgority of those who usein-situ nutrient sensors take measurements hourly (59%), by far
the leading answer. 1n arelated question, al respondents were asked how often they need to

provide or obtain nutrient measurement data, and hourly was again the top answer.

» About athird of respondents (34%) are required to use specific gpproved andytica
techniques and procedures, such as EPA-approved methods.
EPA methods were the most commonly used.

» Nearly athird of respondents (29%) said their sensor needs or requirements are nonstandard;
descriptions of their non-standard needs are shown.

> Ingtu nutrient sensors are used by mgorities of respondents for absolute concentrations
(73%) aswdll asfor relative changes (55%) in the nutrient(s) being measured.

» A mgority of coada professonas (68%) measure nutrientsin UM (micromolars), while
40% messure nutrients in mg/l (milligrams per liter); these percents include the 11% who
measure using both.

> Nearly afifth of respondents (18%) indicated thet there are detection limits for nutrients that
they measure that are set by regulations or other needs of the data.
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» Anoverwhdming mgority of respondents conduct their own absolute cdibrations (83%);

descriptions of their calibration techniques are shown.

» Anoverwheming mgority of coasta professionds (81%) use in-house sample andysesto
measure nutrients at least some of the time, with most of those using in-house sample
andyses exdusively; 38% contract with alaboratory to conduct andyses at least some of the
time, with about half of those usng an outsde lab exclusively.

» The performance characteristics of most importance are reliability, accuracy, precision,
range/detection limits, and key operational parameters. Other performance characteristics
considered important are shown in the tabulation that follows the ratings tabulation.

» The overwhdming mgority of those who plan to purchase new commercia sensorswithin

the next 2 years (85%) will have atrained person on staff to operate the new sensor.
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Q103. Do you currently use in-situ nutrient
sensors?

Yes

20 40 60 80 100
Percent (n=56)

o



Use of and Capabilities of In-Stu Nutrient Sensors

Q106. Which of the following best describes your
current sensors? (Asked of those who currently
use in-situ nutrient sensors.)

Commercial
product

Designed and
custom-made by 4
yourself

Combination of
both of the above

0 20 40 60 80 100
Percent (n=27)
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Q104 and 105. What is your most common
application? (Asked of those who currently use in-
situ nutrient sensors.)

Deployed sensor on
remote platforms for
. L 59
continuous in-situ

measurments

Sensor as part of a
suite of instruments 26
used for profiling
7

Flow-through system
on a vessel for periodic
surveys, transect, etc.

Portable sensor for 4
spot measurements

In-line monitoring for
water treatment 4
systems

0 20 40 60 80 100
Percent (n=27)
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Q107. How often do you need to do in-situ nutrient
measurements? (Asked of those who currently use
In-situ nutrient sensors.)

More often than

hourly 11

Daily 11
Monthly 7
Other 11
0 20 40 60 80 100

Percent (n=27)
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Q139. How often do you need to provide and/or
acquire nutrient measurement data?

More often than l
5
hourly

Daily . 7
Weekly .7

Other

Monthly - 14

Don't know - 16
0

20 40 60 80 100
Percent (n=56)
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Q98. Are you required to use any specific approved
analytical techniques and procedures? For
example, EPA-approved methods?

Yes

20 40 60 80 100
Percent (n=56)

o
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Q99. Analytical techniquesand procedures used.

Analytical Technique Number of
Respondents
Who Use It

American Society for Testing and Materids 1

Chain of evidence 1

Depends on project 1

EPA 8

EPA and Horida DEP 1

EPA, American Public Hedlth Association, 1

USGS

EPA, QA-QC, in-house 1

National Estuarine Reserve Nutrient 1

guiddines

Standard academic procedures 1

USGS 1

USGS and EPA methods 1
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Yes

Don't know

Q201. Are any of your sensor needs or
requirements non-standard?

4

o

20

40 60
Percent (n=56)

80

100
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Q202. Please describe briefly the non-standard sensor needs or requirements. (Asked of
those who said they had sensor needs and requir ements that were non-standard.)
Ability to handle variable solidity; needs to be able to sdf-cdlibrate
Building a urea sensor, reprogram Envirotech instruments for more accuracy
Calcium work non-standard; being able to detect low phosphate levels
Collection of samples on amoving ves
Deployment time but till trying to match up the physics
Detecting lower limits
Development of new parameters; experiment dependant
Estuarine deployment; cold westher deployment
Hexibility
Must be able to work in avariety of environments. freshwater to satwater, clear to turbid
water, and highly colored water
Non-nutrient chemicds
Past research required; some requirements do not exist in sensor types. Needs ared-time
dissolved propane or sf6 analyzer.
The sensor has more channdl's than on the market, and depth range was extended as well
Very amdl sample Szes
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Q203. Do you use your in-situ nutrient sensor to
determine absolute concentrations or relative
changes?

Absolute
concentrations

32

Relative changes 14

Both

Don't know 13

0 20 40 60 80 100
Percent (n=56)
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Q39. Do you measure nutrients in uM
(micromolars) or mg/l (milligrams per liter)?

MM (micromolars)

mg/l (milligrams
per liter)

29

Both 11

Don't know 4

0 20 40 60 80 100
Percent (n=56)
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Q69. Are there any required detection limits and/or
ranges, for instance by regulations, for the
nutrient(s) you are currently measuring? (Asked of
those who are currently measuring a
nutrient/nutrients.)

Yes

Don't know 11

0 20 40 60 80 100
Percent (n=56)
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Yes

No

Don't know

Q204. Do you conduct your own absolute

calibrations? (Asked of those who said they use
the in-situ nutrient sensor to determine absolute
concentrations.)

2

0 20

40 60
Percent (n=41)

80

100



Use of and Capabilities of In-Stu Nutrient Sensors

Q205. If yes, what method do you useto calibrate? (Asked of those who said they use the
in-situ nutrient sensor to deter mine absolute concentrations and that they conduct their
own calibrations.)

Auto andyzer in lab to cross-cdibrate

Automatic

Certified concentration sandards

Externd sandards

Gravimetric sandards in lab vis-a-vis run as unknowns

In-house standards (answer given by 12 respondents)

In-lab standard and in-field standards

Laboratory-based andlyss

Laboratory standard solution

Multipoint linear progresson

Own |aboratory standard; compare with other inditutions

Photometric andlyss or auto-andyzer

Post deployment cdibration checks

Standard automated oceanographic techniques

Standard

Standard lab methods (answer given by 2 respondents)

Standard wastewater

Varies, chemistry
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Q141. How do you currently measure nutrients?

In-house sample
analysis

Outside
subcontract 18
laboratory

Both

Other g2

0 20 40 60 80 100
Percent (n=56)
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Ratings of the mportance of the Following Perfor mance Characteristics

Performance Characteristic Per cent Rating Per cent M ean
(sorted by mean) Item the Highest Rating the

in Importance Item Lowin

(5) I mportance
(1,2, 0r 3)

Q180. Rdiahility 81 4 4.77
Q177. Accuracy 72 11 4.56
Q178. Precision 57 8 4.49
Q176. Range/detection limits 59 9 4.48
Q175. Key operational parameters 64 22 4.36
Q191. Product support/
warranty/vendor reputation o1 17 4.34
Q193. Cost 38 30 4.06
Q181. Deployment life (e.g.,
biofouling resistance, power 33 26 4.04
limitations, re-agent limitations)
Q182. Operding life (i.e, life
expectancy of the instrument) 33 27 4.04
Q183. Cdibration life 24 25 3.98
Q190. In-field maintenance 53 32 3.94
Q185. Ease of cdibration 38 42 3.91
Q192. Quadlity of product
handbook/documentation 32 34 381
Q184. Automatic cdibration 23 35 3.69
Q179. Sampling interva/ frequency 21 53 3.51
Q188. Input/output interfaces 20 49 3.51
Q186. Real-tll me sensor data display 15 56 331
and/or andysis
Q189. Packaging 19 60 3.29
Q187. Off-sensor telemetry 14 59 3.18

Mean is. 39.32 Meanis: 31.46 | Meanis: 3.96

Scaleis1to 5, with 5 being the highest importance.
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Q195-200. Other Characteristics of Interest in Nutrient Sensors and Rating

Characteristic

Rating by the
Respondent for the
Given Other
Characteristic

Ability for multiple analyss with one insrument

Biofouling and operations power

Communication power requirements

Compdtibility with multiple instrument packages

Decreased toxicity

Ease of use

Fouling

In-field adaptability or remote adaptability

Ingdlation and communication with other instruments

Interfacing

Interfacing with other ingtruments

M ethodology used—measurement based techniques

Methods of minimizing fouling isamgor issue

Parameters that can be measured; that it can do multiple things

Power consumption

Power supply

Skilled technicians

Waste disposal and production

Waste generation

W aw(o|h|AfwWO|W|A|AR(O|RlW[A~|OI|OT1|OT

Scaeis1to 5, with 5 being the highest importance.
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Q172. Would you have a trained person to operate
the newly acquired commercial in-situ nutrient
sensor? (Asked of those who plan on acquiring

new commercial sensors within the next 2 years.)

Yes

No 12

Don't know 4

o

20 40 60 80 100
Percent (n=26)
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LIMITATIONS OF SENSORS
» Codg, rdiability, and in-fidld maintenance are the top areas in which current in-Stu nutrient
sensors have limitations, do not meet expectations, or do not meet needs.

» Easeof cdibration, reigbility/durability/maintenance, analytical time, hardware,
software/data management, and range/detection limits are the top areas in which in-house
sample analyses have limitations, do not meet expectations, or do not meet needs—all of
these responses had more than 20% giving the answer (of those who use in-house sample

analyses as opposed to those who use an outside subcontract |aboratory for analyses).

» Andyticd timeisthe top limitation on contracted |aboratory anayses.
40% indicated that their contracted laboratory andyses had no significant limitations.
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Multiple Responses Allowed

Q110 and 112. In which of the following areas does the
in-situ nutrient sensor/system you are using have
significant limitations, not live up to specifications or
expectations, or not meet your needs? (Asked of those
who currently use in-situ nutrient sensors.) (Part 1.)

Cost

Reliability

In-field maintenance

Quiality of product handbook/
documentation

Calibration life

Deployment life (e.g., biofouling i

resistance, power limitations, or re-
agent limitations)

Ease of calibration

None of these

Range/ detection limits

Sampling interval/ frequency

Operating life (e.g., life expectancy of
the instrument)

Effectiveness dependant on
environmental conditions (e.g., ice
cover, high salinity, turbidity)

I—

I 5

I -

[

N

N 3¢
N 25

I 26

I 26

st

0O 20 40 60 80 100
Percent (n=27)
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Multiple Responses Allowed

Q110 and 112. In which of the following areas does the
in-situ nutrient sensor/system you are using have
significant limitations, not live up to specifications or
expectations, or not meet your needs? (Asked of those
who currently use in-situ nutrient sensors.) (Part 2.)

Precision H 22

Automatic calibration - 22
packaging [ 22

Accuracy -

Real-time sensor data display and/or -

analysis

Off-sensor telemetry -

Key operational parameters (flowcell

path length, injection volume, detector - ]

response)

Input/ output interfaces (e.g.,

computers, alarms to other sensors or . 1

equipment, etc.)

Operating pressure/ depth range l 7

Flow sensitivity l 7

Other F 7

0

20 40 60 80 100
Percent (n=27)
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Multiple Responses Allowed

Q144. In which of the following areas does the
analytical system you are currently using have
significant limitations, does not live up to
specification or expectations, or does not meet
your needs? (Asked of those who use an in-house
sample analysis.)

Ease of calibration/ automatic
. . 28
calibration

Reliability/ durability/ maintenance |28

Sample analytical time - 26
Hardware - 26

Software and data management - 24

Range/ detection limits - 22

Degree of automation - 7

other |15
Accuracy - 1B
Precision - 1B

Key operational parameters
(flowcell path length, injection | 4
volume, detector response)

0O 20 40 60 80 100
Percent (n=46)
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Q158. When subcontracting the analysis, in which of the
following areas does the analytical service have
significant limitations, not live up to specifications or
expectations or not meet your needs? (Asked of those
who use exclusively an outside subcontract laboratory for

Analytical
time

k]

5]

S No significant

< limitations

(%)

[¢]

(%)

c

(@]

o

(%)

(O]

04

L Data

o

= management

>

=
Range/
detection
limits

analysis.)

20

10

40

40

20

40 60
Percent (n=10)

80

100
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> |Issues with each of the performance characterigtics of the sensor/sensor system are shownin

the tabulations that follow.

Q114. What weretheissueswith key operational parameters of the sensor (s) that had
sgnificant limitations or did not live up to specifications or expectations?
Cannot measure every possible nitrate and phosphorus species
Detection techniques not available or extensive enough; development time of the chemistry
More things that you could measure
Not adequate nutrient sensors—Ileve of detection not low enough

Q115. What weretheissues with range/detection limits of the sensor (s) that had significant
limitations or did not live up to specifications or expectations?

Detection limitations are lower, lower than they are right now

Estuarine gpplications—storm events = big increases—out of range (slicate and ammonium)

In more prigtine environments, cannot get the detection limit low enough

Detection limit

Not as senstive as it should be, especidly at lower end of detection

Not low enough (specificaly for nitrates)

Range inadequate at the low end

Q116. What wer etheissues with accuracy of the sensor (s) that had significant limitations
or did not live up to specifications or expectations?
Biofouling and cdibration issues
Cdlibration doesn't give you the same number back—precise but not accurate
Detections not low enough; reproducibility not there, better accuracy needed by afactor of 10
Lack of accuracy
When close to the detection limit, get alot of variation; don't know how much variability with
temperature change

Q117. What were theissueswith precision of the sensor (s) that had significant limitations
or did not live up to specifications or expectations?

Biofouling and cdibration

Improvements in flow cell would improve precison—for most coasta environments,

satisfactory technology existsto make it better

Lack of precison

Noise in the cdibration—condition of surface not reliable (reduction step)

Not a number of sgnificant figures, factor of at least 10 higher than present

Replication of standards
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Q118. What wer e theissues with sampling interval/frequency of the sensor (s) that had
significant limitations or did not live up to specifications or expectations?
Accuracy
Cannot sample frequently enough
Different chemidtries for different nutrients; time consuming; cannot do al smultaneoudy
Hard-wired protocol—subgtitution of a standard = gapped time series, data analysis problems
Instrument dependant—cannot sdect any sampling rate that you desire, has to be multiples of
2, 4, etc.; frequency not rapid enough to match up with other instruments
Multi-channel more use = less frequency, cannot get 3 channels to work at once, need more
frequency
Too dow

Q119. What were theissueswith reliability of the sensor (s) that had significant limitations
or did not live up to specifications or expectations?

Most sensors il in betatest mode

Accuracy

Biofouling; workmanship

Breakdowns

Don't work very well

High particdle loads difficult

Ingrument mafunctions

Lack of religbility

Strange standards—non-consistent

Successrate of deployed instrumentsis about 1 in 3—plumbing issues

Too many mechanica problems

Tough to get garted with correct measurements

Very complicated, many moving parts, wet chemistry—pipettes very tedious and complicated,

ultra-violet light bulb dims over time

Q120. What wer e the issueswith deployment life of the sensor (s) that had significant
limitations or did not live up to specifications or expectations?

Biofouling and drift

Biofouling and workmanship

Fouling in longer-term deployments; calibration drift

In amooring configuration, concerns with fouling; bettery life

Limited reagent bags

Only deploy for 2-3 weeks, would like longer

Power

Rdiahility for long-time records at issue; some deployments called for are 2-3 years, and no
indruments available for that time-frame

Stahility of reagents




Use of and Capabilities of In-Stu Nutrient Sensors

47

Q121. What weretheissues with operating life of the sensor (s) that had significant
limitations or did not live up to specifications or expectations?

Battery

Battery life; power hungry

Biofouling

Life not long enough for the price

Longer deployment, corrosion issues, biofouling, dectrolyss

Not enough battery power for cold temps

Parts mdfunction, replacement

Q122. What weretheissues with operating pressure/depth range of the sensor (s) that had
sgnificant limitationsor did not live up to specifications or expectations?

Had to modify to get to a reasonable depth

Profiling systems need to be comparable for the norma CTD sensor takes

Q123. What weretheissues with flow sensitivity of the sensor (s) that had significant
limitations or did not live up to specifications or expectations?

Hard to deploy (big), defouling, barnacles—all interconnected

Some extreme (ep. low) flow Stuations make sensor not operable—needs to be more rugged

Q124. What weretheissueswith calibration life of the sensor (s) that had significant
limitations or did not live up to specifications or expectations?

Cdlibration not sable

Don't hold cdibrations long enough

Drift (2 respondents gave this answer)

Ease of or the ability to hold a cdlibration

If changes in environmenta conditions, then calibration becomes less accurate

Significant amount of drift ep. inlong durations, cut drift factor down by afactor of 10

Stability of on-board standards not adequate

Stability or reagents

Q125. What weretheissueswith automatic calibration of the sensor (s) that had significant
limitations or did not live up to specifications or expectations?

Cdlibration loops in software are not automeatic; |aborious and tedious;, no commercidly
prepared standards available

Changesin optica response over time

Doesn't exist

Ease and ability to hold a calibration

Needed to avoid mgor field costs

Run out of autocalibration solution
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Q126. What weretheissues with ease of calibration of the sensor (s) that had significant
limitationsor did not live up to specificationsor expectations?

Base-line subtraction, putting a spike in so congtantly needs calibration
Cumbersome

Laborious, not automatic, don’t trust given caibration

Not easy to cdibrate in hogtile environment

Primary importance—needs to be done frequently

Set up for asingle cdibration is smple; laborious to set up multiple cdibrations
Standardization process too labor intensve, time-consuming

Still requiresthe laboratory andys's

Time-consuming compared to automatic

Q127. What weretheissues with real-time sensor data display and/or analysis of the

sensor () that had significant limitations or did not live up to specifications or expectations?
Designed to be deployed autonomoudy, consequently al data on compact flashcard; download
after the ingrument removed; telemetry system capabilities not yet figured out
Interfaces not completed, not known
Tdemetry and modems
The instrument sends back asignd that we have to process, which is time-consuming
Without it, very difficult

Q128. What wer e the issueswith off-sensor telemetry of the sensor (s) that had significant
limitations or did not live up to specifications or expectations?

Not a part of conventiona use or practice

Not al insruments alow that

Not straightforward, protocols not good

Set up would entail additiona modifications and cost

Q129. What weretheissueswith input/output interfaces of the sensor (s) that had
significant limitations or did not live up to specifications or expectations?
Interfaces with ingrumentation changes—wet chemistry = crude form of computer language,
very tedious
Standardization would be hdpful

Written in own command languages, not user-friendly

Q130. What weretheissues with packaging of the sensor (s) that had significant limitations
or did not live up to specifications or expectations?

In water—not room for dl reagents in container

Large, heavy, awkward

Sze

Too big

Too big, cases corrode, not in a pressure case that can withstand the depths, too heavy

Too bulky
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Q131. What weretheissues with in-field maintenance of the sensor (s) that had significant
limitations or did not live up to specifications or expectations?

Battery replacement, probe cleaning

Breakdowns hard to diagnose

Breakdowns, replacement reagent bags

Cost of labor, hazards (weather)

Defouling, cleaning

Difficult to address repairs/adjusments

Doexn't exist

Hodtile environments—ma functions hard to determine; removd from fidd causestime and

dataloss

Large amount of reagents to go in and out, much hauling

Not reliable for more than 2- 3 weeks, so have replace—time condraints

Physical st-up of instrument, reagent reservoirs

Very little modularity in computers; too tedious, wet chemistry instruments—too much time

and personnd to get ready

Wet chemisiry process requires labor; clogging; etc.

Q132. What wer e the issues with quality of product handbook/documentation of the
sensor (s) that had significant limitations or did not live up to specifications or expectations?

Configuration materia should be made clearer

Needs more information

Not clearly written

Not detailed enough

Not enough helpful information

Not enough information, obvious corners cut

Not schemétic for the instrument—poorly done

Not thorough

Not user-friendly; should be portable and informative enough to be taken into the field

Want to tinker with machine, no direction for how the machine works, why it works the way it

works, programming seems obscure

Q133. What weretheissueswith cost of the sensor(s) that had significant limitationsor did
not live up to specifications or expectations?

Cost of labor for deployment

Expengve for not much religbility

Not suitable for research environment and staff—for cost

Too expensive (9 respondents gave this answer)

Too expensive, need to work for along period of time (many weeks-months) to be cost-

effective

Too expensive, parts expensive to replace, repairs expensive

Very expensve-market driven—cheaper products available

Very expensve
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Q135. What wer e the effectiveness issues of the sensor (s) resulting from dependency on
environmental conditionsthat had significant limitations or did not live up to specifications
or expectations?

Arctic deployments difficult

Biofouling

High particle loads—Missssippi River, unique circumstance

Limits on temperature (in ice and under ice), reagents freeze or degrade (Gulf of Mexico),
electronics have larger drift in extreme temperatures

Problems specific to environment—Antarctic

Ruggedness, rivers run violently

Silicate sensor; standard reagents don't stay in solution below 8 Celsius
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> |Issues with each of the performance characteristics of the analytica system(s) are shown in
the tabulations that follow.

Q146. What weretheissueswith key operational parameters of the analytical system(s)
that had significant limitations or did not live up to specificationsor expectations?

Limits of detection more than anything ese

Urea—chemistry not amenable to good level detection

Q147. What wer e theissueswith range/detection limits of the analytical system(s) that had
sgnificant limitations or did not live up to specifications or expectations?

Couldn't reach required detection limits on the lower end of the spectrum

Not enough detection capability on lower end

Not low enough

Part of thisis an operator problem; no one was willing to run it to the detection levelswe
wanted

Phosphate levels in |akes are below detection levels

Pushed range on both ends

Range not broad enough, especialy on the lower end

Senstivity not there for information needed

Technicon #2—can measure most things—new ones not made that have the same capability;
noisy base-lines with new/commercid ingrument

Very low concentration limits

Q148. What wer etheissues with accuracy of the analytical system(s) that had significant
limitations or did not live up to specifications or expectations?

Drift and frequent recdibration; isit atrue signa or does it need recdibration?

Not highly accurate, precison more important

Older systers more accurate—new systems lack of reproducibility, have noisier output

Replicability

Very low concentrations accuracy becomes more difficult

Q149. What werethe issueswith precision of the analytical system(s) that had significant
limitations or did not live up to specifications or expectations?

Being able to tdll the difference between 2 samples

If the instrument is precise, reproducible, rdiable and sengitive--than the user has to make that
standard accurate

Noisy output--older systems more accurate

Not high leve of precison

Replicability
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Q150. What wer e the issueswith sample analytical time of the analytical system(s) that had
significant limitations or did not live up to specifications or expectations?

If we could run faster, we would have more sample; there is a bottleneck at the andysis stage
Dally sample load limitations

Field collect and process—anaysis takes too long

Heated chemidries too time consuming

It's labor intensve

Laborious

Length of time for wet chemicd andlyssislimiting

Many samples per hour are not necessarily accurate

Slow

Timeislimited

Turn around time

Q151. What werethe issueswith degree of automation of the analytical system(s) that had
significant limitations or did not live up to specificationsor expectations?

Equipment not completely automated

Lack of personnel to congtantly monitor—many pieces

Not automated enough—daf time

Same as with andyticd time

Takestoo much time

Time and personnd are limited

Q152. What wer e theissues with ease of calibration/automatic calibration of the analytical
system(s) that had significant limitationsor did not live up to specifications or
expectations?

Auto-andyzer has trouble getting stable curves

Drift (2 respondents gave this answer)

Instrument stability

Multipoint calibration too cumbersome

No commercid standards; make your own—yvery time consuming—too much time cdibrating
Related to hardware, if the auto-andyzer hasn't been used in awhile, takes along time to set
up

Reliable external standards

Technician effort

They take alot of gepsand, in turn, take alot of time; and the frequency of cdibration
Time/personnd limits

Too laborious, vendors software should be smplified
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Q153. What werethe issues with software and data management of the analytical system(s)
that had significant limitations or did not live up to specificationsor expectations?

Age/outdated

Difficult automated output in preferred form

Needs software for direct data entry

No good software for metric data

Stinks Write my own—I read my peaks on my own.

System crashes = rdidhility, “buggy”

System is not updated to best level of software

Time/personnel limits, not easly accessible to downloading into Excd

Too generic

User interface—ease of use

Q154. What wer etheissues with hardwar e of the analytical system(s) that had significant
limitations or did not live up to specifications or expectations?

Age

Age = 30 years = Technicon—till works well, better than new products, but aging

Aging equipment and compatibility

Antiquated, volume of hazardous waste (cadmium)

Complexity

Contamination, multiple-channd andyss

Get hardwarein fidd, it would help alot

Old system—pumps still working, newer ones less-lagting, congtant repair, electronic circuits

can go with ships' currents

Parts/breskdowns, not rdligble

Start-up timeif it hasn't been running in awhile; lack of expertise of technicians

Time issues

Q155. What wer e theissueswith reiability/dur ability/maintenance of the analytical
system(s) that had significant limitations or did not live up to specifications or
expectations?

Complexity, too many moving pieces

Frequent breakdowns

Hard to repair

Ingtrument stability

Maintenance intendty (reagent replenishment)

Not cost-€effective

Older equipment starting to fail and parts hard to replace

Tedious ingtrument to keep running—Ilack of trained personne for upkeep

Time/personnd limits—breakdowns waste time
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> Findly, the tabulation below shows comments regarding current shortfallsfuture desiresin
terms of in-situ nutrient anayzers (al respondents were asked; 30 responded).
9 respondents specificaly mentioned durability, long maintenance interva, or long
deployment capability, and 7 respondents mentioned reliability.
7 respondents wanted a smaller sensor.
7 mentioned issues regarding the ease of use.

Q206. Based on your experience with in-situ nutrient analyzers, arethereany shortfallsin
current designsor additionsyou’d like to seein future designs?

Blank out turbidity issue (1-400 ntu)

Cheaper, smdller, easer to use

Chemica storage and waste, sensor biofouling

Currently difficult to operate for our technicians

Deployment life a problem in estuarine environments

Dumb the fancy ones down; make the Smple ones more robust

Ease of use

Ease of use, rdiability, ease of cdibration/maintenance

Expense and accuracy a low levels, rdighility, difficulty in programming them to meet your
needs—need a saff member dedicated to programming only

Improved rdiability

Increased reliability and flexibility in mode of operations, less cosily

Interface with other instruments needs improvement

Integrated anti- biofouling, Sze and power requirements, maintenance interva, cost

Long-term deployable instrument that can measure more

Made smaller, lower power requirements, pre-packaged reagents

Mainly level of detection, durability

Miniaturization and power consumption and stability

More affordable

More chemicals, longer operating life, higher reigbility

Not very accurate

Optimizing aspects for ease of use

Precison—standard deviations too large, deployment time, data retrieva—more data
ana ogs—retrieving from moorings eic., reagent life

Remoate adaptability, religbility (chemistry manifold)

Robustness, higher frequency output

Smdler

Smaller, cheaper, faster

Stahility, power, smaller, chegper, faster, long-term autonomous operation

Totd reactive nitrogen and phosphate measurements—including dissolved organic nutrients
and particulate nutrients

Usability and reiability over timeincreased

Very limited in what we can measure and how many we can measure
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PURCHASING NEW SENSORS
> A littlelessthan haf of respondents (46%) indicated plans to purchase new commercia
sensors within the next 2 years.

The overwhdming mgority of those who plan to purchase new commercid sensors
within the next 2 years will have atrained person on saff to operate the new sensor (this
graph was previoudy shown in the section of the report titled, “ Specific
Procedures/Aspects of Measuring Nutrients’).
Of those who use in-situ sensors and who plan to purchase anew commercia sensor, the
overwhelming mgority indicated that they will consder a different type of sensor type
than the one they are currently using.
Common reasons for planning to purchase new commercid sensorsinclude aninterest in
new technology/new technology will address needs, facility/program expansion, and for
replacement (other answers added a cavest regarding availability of funding).
Common congraints to purchases of new commercia sensors are lack of need and cost.
A tabulation shows responses regarding reasons respondents will consider using a

different sensor type than the one currently being used.

> A find tabulation in this section of the report shows comments regarding what respondents
(those who plan to acquire/purchase new equipment and will consider a different sensor type)
require or would like to see in terms of customer support.
16 of the 20 respondents mentioned the need for training of some kind, and 11 of them
specificaly said on-sitetraining
4 respondents specifically mentioned on-site set-up (these 4 dso said on-Ste training).
7 mentioned ongoing support (4 wanted telephone support, 1 wanted on-line support, 2
did not specify medium of support).
3 mentioned agood manud.
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Q166. Do you plan on acquiring new commercial
sensors within the next 2 years?

Yes

Don't know 5

o

20 40 60 80 100
Percent (n=56)
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Q169. Will you consider a different sensor type
than the one you are currently using to measure in-
situ nutrients? (Asked of those who plan on
acquiring new commercial sensors within the next
2 years.)

Yes

0 20 40 60 80 100
Percent (n=14)
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Q167. Please explain why you plan on acquiring
new commercial sensors within the next 2 years.
(Asked of those who plan on acquiring new
commercial sensors within the next 2 years.)

Interested in new
technology/new
technology addresses
new needs

Adds a caveat re: funding

Facilities expansion

Replacement

0 20 40 60 80 100
Percent (n=25)
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Q168. Please explain why you do not plan on
acquiring new commercial sensors within the next
2 years. (Asked of those who plan on acquiring
new commercial sensors within the next 2 years.)

Does not need at present 44
time

Builds own

| ]
IS

4

Nothing meets needs

Does not do purchasing
for organization

N
IS

Cannot leave instrument
in place

|
SN

0 20 40 60 80
Percent (n=27)

100
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Q170. Please explain why you will consider a different sensor typethan the oneyou are
currently usng to measurein-situ nutrients.

Compare ultra violet sensor to wet chemidry, if codt effective

Ease of operation/use

For the range of measurements, and if they are chegper and easer to maintain

Improvements

Improvements in technology

More suitable to the project, has fewer problems

New and improved technology

New sensor technologies that overcome current problems with equipment

Optica sensors (1S1S) are less of a hasde and more robust

Rdiability

Wants highest qudity

Will consder modification on existing systems, wants to see what technology brings
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Q173. What would you require or suggest in termsof training and customer support?

Each site should be considered a separate entity and addressed as such; prompt response time

Few days for on-gtevist and set-up

Good manud, availability of tech support by phone

Good manud

Good manuals, good on-line support, representatives available to trouble-shoot

Hands-on time with a representetive

Hands-on training experience

In-house

Multiple day introduction and regular follow-up

On-gte training (3 respondents gave this answer)

Person needs to be skilled in analyticd chemidry, skilled in lab in field labor

Quadlified person come for on-dte traning and initid set-up

Response timeistight, and it is difficult to meet program needs, so on-call support is needed;
need for aquick time-frame

Sgnificant support—2 week course

Site vidit to set up and demonstrate new equipment, suggested protocols for different ranges

Someone who really knows the instrument and dl software to come on-Site to train and be
available by phone to resolve issues as they come up

That it be readily available; a one-day course would be helpful

Traning course if complicated instrument

Training for chemica sensors—chemica, computer and engineering training by a company
representative

Vendor should send technical support people to hdp with set-up and on-Ste training
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Responsive Management

CHARACTERISTICS OF SAMPLE

» The sample contained coagtd professionas associated with the following organizations:

Organization Number of
Respondents
Atlantic Oceanographic and Meteorological Laboratory 1

Bard College—NY State Department of Environmental Conservation

Bedford Ingtitute of Oceanography

BermudaBiologicd Station for Research

Department of State (Texas) Health Services

Environmenta Protection Agency

Food and Drug Administration

Georgia Department of Natural Resources

Greys Reef National Marine Sanctuary

Louisana Univerdties Marine Consortium

Maryland Department of Natural Resources

Maryland Department of the Environment

Monterey Bay Aquarium Research Ingiitute

National Marine Sanctuary Program

Natural Resources Research Ingtitute—Universty of Minnesota

Nationa Oceanic and Atmaspheric Administration

North Carolina State University

Occoquan Watershed Monitoring Laboratory

Office of Navd Research

Ohio River Vdley Water Sanitation Commission

Oregon State University

Rutgers Universty—IMCB

San Francisco State University-Romberg Tibouron Center

Sapelo Idand (Georgia) Nationd Estuarine Research Reserve

Skidaway Indtitute of Oceanography

South Florida Management Didtrict

South Florida Management Didrict Team

South Florida Water Management Digtrict

Southern California Coastal Water Research Project

The Nitrate Elimination Co., Inc.

U.S. Fsh and Wildlife Service

U.S. Geologica Survey

U.S. Geologica Survey—Wildlife Resources Divison

Universty of Alaska

Univergty of Ddaware

Universty of Mane

Universty of Maryland

University of Maryland—Center for Environmental Science

Univergty of Michigan
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Organization Number of
Respondents

University of Rhode Idand 1
Univergty of Vermont 2
Universty of Washington 2
Universty of West Horida—Center for Environmental Diagnostics and 1
Bioremediation

Universty of West Horida 1
Virginia Inditute of Marine Science 1

WetL abs, Inc. 1

» The sample was 82% made.

Q209. Respondent's gender (not asked, but
observed by interviewer).

Male

Female

0 20 40 60 80 100
Percent (n=56)



