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ROX™ Luminescent Dissolved
Oxygen Sensor

The ROX"™ luminescent dissolved oxygen
(DO) sensor was released in Spring 2006

for use in YSI's 6-Series V2 multiparameter
sondes. In several significant ways, the ROX
sensor differs from polarographic-style DO
sensors, which have been the industry stan-
dard for DO measurement. The principal
distinguishing factors relate to the durability
of the sensing element and the stability of the
signal, both of which have been significantly
improved in the ROX sensor. These changes
mark an important step forward in in situ
monitoring applications.

In the past, polarographic DO sensors, with
delicate Teflon® membranes and consumable
electrolyte solutions, were often the limiting
factors in deployment times of multiparam-
eter monitoring equipment due to sensor
drift or the impacts of biofouling. The in-
troduction of the ROX sensor changes DO
sensors from having the shortest deployment
endurance to one of the longest. This has a
practical implication to monitoring groups by
extending maintenance intervals and reduc-
ing sensor maintenance, saving valuable time
and money.

This report is a sampling of results which
our customers have obtained using the ROX
sensor since the product’s launch. To say that
ROX has revolutionized long-term monitor-
ing may sound dramatic, but we believe this

Optical sensing technology
has replaced the stretched

membrane on the ROX
DO sensor

is the case. We are now seeing maintenance
intervals stretch from two weeks to six weeks
or longer in heavy fouling environments.

No other company has the long-term moni-
toring features and application support that
YSI offers. YSI's simple goal is to offer the
most reliable water quality monitoring sys-
tems with the longest maintenance intervals
possible. This is coupled with dedicated and
knowledgeable technical support. Successfully
realized, this goal lowers the cost of owner-
ship for our customers and thus increases
the number of monitoring systems deployed
worldwide.

With reliable and accurate data from YSI
instruments around the world, monitoring
groups are able to continue the critical work
of protecting our most important natural
resource.

Happy Monitoring from your partners on
the YSI Environmental Monitoring Team.



ROX™ Luminescent Dissolved
Oxygen Sensor

The case studies and field trials in this report
are organized as follows:

1-2 Lakes/Streams

3-7 Estuaries/Tidal Creeks

8-11 Marine

12 Economic Model for DO Sensors




Customer Class Environmentcﬂ COI‘\SUlfCInl'
ewironment Freshwater Reservoir
Location New YOI’I(
puaiion 27 days, hourly interval

While the ROX
sensor remained
stable, data from
an alternate sen-
sor show some of

the typical prob-
lems with many
in situ sensors:
power failure and
sensor drift

This customer is an environmental consultant
interested in maximizing the maintenance
interval for long-term studies and minimiz-
ing the risk of sensor failure or other technical
problems.

The customer conducted a 25-day side-by-side
test with a ROX sensor and a DO sensor from
an alternate sensor company that the customer
had experience with and routinely provided
deployment times of one week before main-
tenance was required. A gradual decrease in
DO was observed over the course of the study.
YST’s ROX exhibited excellent reliability and
no drift over the course of the study.

A post-deployment check of the ROX sensor
resulted in a DO reading of 7.75 mg/l while a
Winkler titration on the same sample of water
resulted in a value of 7.718, indicating that
there had been no drift in the ROX sensor.

Simultaneous field trial of ROX sensor and DO sensor
from alternate company

A number of problems were seen in the alter-
nate sensor, with a failure occurring midway
through the trial (7/21) that resulted in lost
data for six days until the problem was found.
The alternate sensor also demonstrated sig-
nificant drift over the course of the four-week
trial.




Customer Class YSl F|e|c| Testing
Environment S’rream

Location OhIO Rural stfeam
) . deployment site in
Duration 40 CICI)’S , 15-minute interval southwest Ohio

The data presented in
this example was gener-
ated by YSI scientists

in a stream near the
company’s headquarters
in southwest Ohio. The
technicians conducted
regular quality control
checks on the ROX sen-
sor by taking a freshly
calibrated handheld
sensor into the field and
collecting simultaneous
readings with the ROX.

The QC points are indi-
cated in green and the
percent deviation from
the QC and the ROX
data point are plotted
in red. Throughout the
course of the 40-day
study, the percent error
never exceeded 1.5%,
indicating that the ROX
sensor did not drift

and biofouling did not
impact the readings.

For small municipali-

ties such as the one located near this Ohio example highlights the effectiveness of a ROX
stream, time and resources are limited and sensor for continuous monitoring up to 40
the success of a long-term monitoring system  days in a stream environment.

relies on easy-to-use and reliable systems

that do not require regular baby-sitting. This




Customer Class

Environment

Location

Duration

An extremely
challenging site
for testing in situ
sensors, charac-
terized by high
concentrations of

dissolved organ-
ics, high turbidity,
high temperature,
and the occasional
hurricane

Federal Monitoring Agency
Brackish Creek
Southern USA

56 days, 30-minute interval

Product reliability and good
customer support are critical
decision-making factors for a
large monitoring agency such
as the U.S. Geological Survey
(USGS). The data presented
here is one example from
trials conducted at a brack-
ish water site in Louisana to
evaluate the ROX technology
in order to determine if the
agency should recommend
switching from polarographic

sensors for long-term deploy-
ment applications.

The most critical characteristics to this group
are sensor stability, post-deployment accu-

racy, and the effectiveness of the anti-foul-
ing system, all of which add up to improved
system reliability and lower operating costs.

The last sample taken with the ROX in the
field, after 56 days without maintenance, was
3.60 mg/l. The ROX was then thoroughly
cleaned and a post-cleaning reading yielded a
value of 3.62 mg/l. This indicated that impacts
of biofouling had no effect on the ROX sen-
sor. A Winkler titration was then taken on the
same sample and yielded values ranging from
3.74 - 3.86. This is an excellent result with
very little to no drift and no impacts of bio-
fouling after many days in a high productivity
and fouling environment.

YSI’s power supply was also able to power the
system for the duration of the study, a length
of time that the competition will find difficult
to match.




Customer Class
Environment
Location

Duration

National Monitoring Network

Brackish
Mid-Atlantic USA

14 days, 15-minute interval

This customer group manages a National
Estuarine Research Reserve (NERR) in
Delaware. The data was collected in a
mostly freshwater tributary that flows
into Delaware Bay. The goal of the de-
ployment was to compare the ROX sen-
sor with the Rapid Pulse polarographic
sensor in order to determine if switching
to the ROX technology would result in a
lower cost of ownership through extend-

ing deployment times (thus reducing the
number of trips to the field) and reducing the
time spent on calibration and maintenance.

The YSI sonde was deployed in warm (20-25
°C), shallow, productive waters. In addition,
the relatively high turbidity (~20 to >100
NTU) presents physical challenges to polaro-
graphic membranes but pose no issues to the
ROX membrane. The site displayed tidally
driven wide swings in DO concentration.

The ROX QC data points are seen as several
readings before and after deployment and are
generated by placing the sonde in saturated
DO environment, such as an aerated contain-
er, while allowing the sonde to continue to log
data. The pre- and post-calibration readings
were 98.3 and 99.1% saturation respectively,
indicating no meaningful drift or biofouling
effect during the two-week deployment.

Tidally inflvenced tributary of Delaware Bay is a
challenging environment for in situ sensors: high

productivity and turbidity along with wide swings in
water quality on a daily basis




wsomer (s Federal Monitoring Agency
Environment ESi’UCII')/
location Southeastern USA
Duration 30 dCI)’S, 30-minute intervo|

This customer is one of several sites through-
out the United States that make up the Na-
tional Park Service Vital Signs Monitoring
Program. This long-term monitoring program
has a goal of generating baseline data in order
to accurately characterize the environment as
well as to measure the impacts of changing

Continuous .
land-use, storms, and pollution.

monitoring systems

are required fo . )
el Lower maintenance efforts and improved

record of the rapid reliability is critical to this group, whose
DIl e resources are stretched thin while being asked
VI AGLLL Y to increase the monitoring area. Biofouling of
TGN the sensors is of major concern in this warm
OIS and productive system. Inorganic fouling due
to high sediment load is another problem.
The ROX sensor with its dedicated anti-foul-

ing wiper was effective at keeping the sensor
free of fouling material throughout the course
of the study. The trial resulted in the ROX

Over time, in situ sensors are often impacted by
organic and inorganic fouling when deployed. The

effectiveness of YSI's anti-fouling wipers, shown
above, prevents sensor performance from becoming
compromised

sensor exhibiting excellent stability over the
course of the 30 days with high fouling and
large tidally driven fluctuations in salinity.
The post-calibration check on the ROX sensor
showed a difference of less than 2% from the
pre-deployment check exhibiting no sensor
drift or impacts of biofouling.




Gwstomer (loss State Monitoring Agency
Fvironment EStua

Location Mid'AflCInﬁC USA

puration 36 days, 15-minute interval

ROX sensor after
36 days in the
field. Although

there is fouling,
as long as a
portion of the ROX

membrane is free
from inorganic
fouling, there is
no impact on the
DO signal

These users manage
an extensive real-time
monitoring program
in the Chesapeake Bay
where deployment
time, maintenance, and
support is of critical
importance. To add to
the challenge, the wa-
ters in which they are
tasked to monitor are
very productive with
harmful algal blooms,
low oxygen episodes,
and high turbidities

all part of the normal
course of events.

Due to the number of sampling stations (in
many instances in remote locations), extend-
ing the sampling interval is of great interest.

The data show results from a 36-day trial with
ROX and Rapid Pulse polarographic sensors
reading simultaneously on the same sonde.
Chlorophyll is also shown, to demonstrate
how phytoplankton can control DO levels. In
this test, the Rapid Pulse polarographic sen-
sor was impacted by biofouling after approxi-
mately 21 days in the field. This is considered
a good deployment length for a polarographic
sensor in this type of environment and is only
achieved through the wiper on the YSI 6600
EDS which slows the growth of biofouling
organisms on the Rapid Pulse sensor.

As you can see, the ROX exhibits far superior
longevity than even the best polarographic
DO systems and exhibited no drift or impacts
of biofouling after 36 days.




wsiomer (s National Monitoring Program, Coastal Research
enironment Tidal Salt Marsh

loation West Coast, USA
purarion 28 days, 30-minute interval

The group that generated this
data is responsible for moni-
toring a dynamic coastal salt
marsh area (part of NERRS)
where large fluctuations in
water quality are a daily or
even hourly occurrence.

In the data set shown here,
daily DO levels were drop-
ping to dangerously low
levels. A concern with moni-
toring anoxic environments
such as this is the production
of hydrogen sulfide from sulfur-fixing
bacteria in the sediment. Hydrogen
sulfide gas would quickly corrode po-
larographic sensors, causing acceler-
ated drift. By design, the ROX sensor
is insensitive to hydrogen sulfide and
additionally has excellent accuracy
(£1%) at low DO concentrations
(0-20 mg/L).

Similar to the other long-term monitoring
programs, the characteristics of greatest inter-

est are accuracy of data and reduced operating Dramatic
costs through the extension of maintenance fluctuations in
intervals. daily DO readings

characterize the
This data set show is a good example of what dynamic envi-
would be considered a very challenging envi- ronment of this
ronment for polarographic sensors yet is no coastal salt marsh

problem for the ROX sensor.




Customer Class State Monitoring Agency
Environment Sa|fwc1’rer BCI)/
location Southeastern USA

puraion 46 days, 10-minute interval

A state monitoring
agency working in a
shallow, warm water
bay was interested in
studying the impacts
of dissolved oxygen on
the health of sea grass
beds.

The most important

factors in sensor selection for this group were  The data shown here represent ROX and
maximizing deployment times and accuracy ~ chlorophyll sensor results from a continuous
of data, especially on the low end, since DO 46-day trial. The data represent a dynamic

levels drop to very low or anoxic levels on a system with DO levels often dropping into
regular basis. The deployment sites are often ~ anoxic states. Due to the short duration and
extremely challenging with warm, shallow extreme nature of these low oxygen events,
water, very high biofouling rates, and frequent it is important to have a highly accurate and
storms. reliable DO sensor in the field. An additional
benefit of the ROX for this group
A YS! applications is the long maintenance interval
engineer and for the complete system.
the customer at
deployment site Due to the importance of sensor
to check on sensor accuracy in low oxygen conditions
performance the ROX sensor was tested in a so-

dium sulfite solution to check the
accuracy in a anoxic sample. The
ROX read the zero oxygen solu-
tion accurately (+0.05 mg/l).




Customer Class Monitoring Agency
Environment Ocean
Location Uni’red Kingdom
puraion 43 days, 30-minute interval

The data presented is the result of an unat-
tended field trial off the coast of England.
Despite significant biofouling activity, the
YSI optical wipers were effective at keeping
the optical sensing area free of biofouling.

In addition the ROX sensor is insensitive to
water quality conditions such as turbidity and
ambient light, thus providing accurate DO
data in even the most challenging water qual-
ity conditions.

The data depicts levels of variation in DO and
turbidity. There is a clear diurnal fluctuation
in addition to a longer scale fluctuation, pos-
sibly due to the lunar cycle. Towards the end
of the test a short-term, high DO event was
detected, an event that would have most likely
been missed by monitoring programs that rely WIS AIEN OO0 H

on spot sampling. (top) and close-up of the sensors (above)

after deployment, this English coastal
environment has significant amounts of
biofouling

This test was part of a larger evaluation of
the ROX technology to determine if a revi-
sion of DO regulations should be issued. The
results were very impressive. No measurable
drift was detected during the 43-day trial,

a deployment length that would have been
unlikely for polarographic sensors to achieve
without drift.




Customer Class YSl F|e|c| Testing
Environment Oceom
Location Northeastern USA

puraion 35 days, 15-minute interval

This data set was generated
from a permanent-instru-
ment deployment man-
aged by YSI off the coast of
Massachusetts. The data was
collected over two months
in autumn and depicts

the gradual drop in ocean
temperature and the parallel
change in DO. Decreasing
daily DO swings are due to
decreasing algal biomass and
a slight increase in average
DO concentration is due to
the decreasing temperature.

The type of biofouling or-
ganisms change seasonally
in marine environments,
presenting a continuous
challenge to long-term in
situ instrumentation. Dur-
ing autumn the biofoul-
ing was dominated by soft,
gelatinous organisms such as
bryophytes. The YSI anti-
fouling wipers were very ef-
fective in maintaining clean
optical sensors during the
35-day study.

YSI's continuous monitoring fest site af the mouth

of Sippican Harbor in Buzzards Bay, MA. The site ex-

poses sensors fo a corrosive environment and heavy
marine fouling conditions




Customer Class UN iVGFS“’y Marine Resea I’CI‘\

Environment COGSfCIl
Location Soufhern USA
puraion 62 days, 15-minute interval

The data shown below is from an extended
study conducted in a highly turbid tributary
to the Gulf of Mexico in Louisiana. The user is
a coastal research group interested in continu-
ous monitoring in the area of the Mississippi
Delta, with particular interest in mapping the
low oxygen and anoxic zones in this region.
The low oxygen environment, coupled with
high turbidities and high biofouling rates, add
up to an extremely challenging environment
for long-term in situ monitoring.

The data set indicates the types of deployment [ 7E s/t ATl G ESO AT 000 Tl R ) )
intervals that are now possible using the ROX BRI AR T KT )6

sensor. There was no maintenance on the
sensor during the 62 days of deployment. Not
only did the ROX sensor exhibit excellent sta-  In order to check the performance of the ROX
bility, the YSI 6600 sonde was able to supply ~ sensor, a second sonde with a freshly cali-
power for the entire period with an aggressive  brated ROX sensor was taken into the field at
15-minute sampling interval. the end of the study and lowered to the same
depth as the ROX sensor. The deployed ROX
read 102.8% (7.73 mg/L) saturation while the
QC ROX sensor read 101.5% ( 7.64 mg/L),
indicating no significant drift, biofouling im-
pacts, or loss of accuracy during this long and
challenging deployment.




Economic Model for
Dissolved Oxygen
Monitoring

This model has been created to illustrate how
the ROX technology can result in significant
savings of the time and money required to
maintain and deploy in situ sensors for long-
term monitoring applications. The assump-
tions may not apply exactly to every situation;
however, we have chosen conservative figures
to create a general model that should be rel-
evant to most monitoring programs.

Assumptions:

For most monitoring groups, the most impor-
tant factor in switching to this technology is
the time saved, which can be used instead to
expand a monitoring program without in-
creasing headcount. YSI's ROX sensor is also
far less susceptible to being damaged while

in the field, further saving time by decreasing
the number of unplanned trips to the field for
sensor maintenance.

Costs for individual sensors and membranes vary by region. On average, initial cost of ROX sensor is greater than Rapid
Pulse sensor, while lifetime labor and replacement parts are greater for Rapid Pulse.

- 9-month (36-week| field season.

- Sonde with Rapid Pulse sensor requires membrane changes and maintenance every 2 weeks in a productive environment.
- Sonde with ROX sensor can be deployed for at least 6 weeks without maintenance in a productive environment.

- During field season, Rapid Pulse requires 18 site visits while ROX requires 6 site visits.

- Rapid Pulse requires 2 membrane kits and 2 reconditioning kits per season.

- ROX requires 1 membrane change per season.

- Trip to field includes 2 people and 1 small vessel:
- 4 hours to visit one station, 8 hours to visit 5 stations.
- Labor cost = $19/hour, or $152/site visit.
- Vessel cost = $100/hr, or $400/site visit.

- Annual labor includes reconditioning and trips to field.




To order or for more information,

contact YSI.

800 897 4151 (US)
www.YSl.com

YSI Inc.

1700/1725 Brannum Lane
Yellow Springs, Ohio 45387
+1 937 767 7241

+1 Q37 767 9353 fax

environmental@ysi.com

SonTek/YSl

+1 858 546 8327

+1 858 546 8150 fox
inquiry@sontek.com

YSI Infegrated Systems & Services

+1 508 748 0366
+1 508 748 2543 fox
systems@ysi.com

YSI Gulf Coast
+1 225753 2650
Fax +1 225 753 8669

environmental@ysi.com

YS| Hydrodata

European Support Centre (UK)
+44 1462 673581

+44 1462 673582 fax
europe@ysi.com

YS| Hydrodata (Ireland)
+353 87 2430264
+353 46 9487637 fax
ireland@ysi.com

ISO 2001
ISO 14001

(Yellow Springs facility)

Who's Minding the Planet? is a registered trademark
and Rapid Pulse and ROX are trademarks of YSI
Incorporated. Teflon is a registered trademark of

E. 1. du Pont de Nemours and Company.

©2007 YSI Incorporated
E75-01 0507

€

YSI (Hong Kong Limited
+852 2891 8154
+852 2834 0034 fax
hongkong@ysi.com

YSI Middle East
+973 17536222
+973 17536333 fax

halsalem@ysi.com

YSIl/Nanotech (Japan)
+81 44 222 0009
+81 44 221 1102 fox

nanotech@ysi.com

YSI China
+86 10 5203 9675
+86 10 5203 9679 fax

beijing@ysi-china.com

Third-Party Sensor Verification
You Can Trust

YSl is the only company in its field to apply for and
receive verification from the US EPA's Environmental
Technology Verification Program. Independent fests

on the following sensors demonstrated the accuracy
of YSI sensor technology when compared fo estab-

lished standards in saltwater and freshwater:

6025 Chlorophyll
6560 Conductivity
6562 Dissolved Oxygen
6561 pH

6560 Temperature
6136 Turbidity

Sensors listed above were submitted to ETV program on
YSI 6600EDS. Find information on performance character-
istics of YSI water quality sensors at www.epa.gov/etv or
call YSI at +1 937 767 7241 for ETV Verification Report.
Use of the ETV name or logo does not imply approval or
certification of this product nor does it make any explicit
or implied warranties or guarantees as to product perfor-
mance.



