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ABOUT THIS MANUAL

The following symbols are used in this guide:

This symbol indicates a CAUTION. Cautions warn against actions that can cause
damage to equipment. Please read these carefully.

This symbol indicates a WARNING. Warnings alert you to actions that can cause
personal injury or pose a physical threat. Please read these carefully.

NOTES and TIPS contain helpful information.
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INTRODUCTION

Apollo 1000 is an inherently analog device. The current signal from the sensor enters
the device and is converted to a voltage at a user-selectable gain. Thereafter it passes

to a user-selectable filter block. After filtration the signal is buffered and sent to the
current output. The analog signal can then be presented to a data acquisition system like
Lab-Trax digital recorder (WPI #LAB-TRAX-4) where software can be used to smooth,
additionally filter and calibrate the signal. (Lab-Trax is provided with Data-Trax software
that runs on Windows or Mac computers.)

In addition to a current or AMPEROMETRIC input, Apollo 1000 also provides a high
input impedance VOLTAGE input suitable for recording from pH, Ca**, K*, CI~ or other lon
selective electrodes.

Finally, a pre-calibrated temperature input is also provided. Many sensors are affected by
temperature. The onboard temperature output can be used with the Lab-Trax data system
to automatically correct calibrated free radical sensor output for the effects of temperature

Features

«  Separate inputs for current, voltage and temperature - This single-channel device
measures free radicals, temperature or ISEs.

«  User-selectable filters - Record at full bandwith for faster applications or limit
bandwith to record super low noise signals.

«  Current and voltage input offset controls - Zeroing controls for current and voltage
inputs allow use of the most sensitive gain.

«  External poise control - The use of external poise allows ramps, triangles and other
waveforms, enabling the use of other electrochemical techniques such as cyclic
voltametry, differential pulse polarography and others.

« True analog outputs - Outputs are available allowing for raw data feed to the
recommended Lab-Trax or other data system. Analog outputs for current and poise
voltage allow XY plots frequently required by electrochemical techniques.

«  Battery power - The use of batteries makes Apollo 1000 completely portable even
when used with the USB powered Lab-Trax data system.
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Table 1: Macro Sensors

Species Nitric Oxide Hydrogen Peroxide Oxygen Hydrogen Sulfide
Order Number ISO-NOP  ISO-HPO-2 ISO-0XY-2 ISO-H2S-2
Available Diameters 2 mm 2 mm 2 mm 2 mm
Response Time < 5sec < 5sec < 10 sec < 5sec
Detection Limit/Range 1 nM < 100nMto 100mM 0.1%-100% < 5nM
Sensitivity 2pA/nM  0.02 pA/nM N/A 2 pA/nM
Drift None 0.1pA/min < 1%/min

Temperature Dependent Yes Yes Yes Yes
Physiological Interference None None None None
Replacement Sleeves(pkg of 4) #5436 #600012 #5378 #600016
Filling Solution #7325 #100042 #7326 #100084
CO, Filling Solution #7521

Start-up Kit #5435 #600011 #5377 #600015
Table 2: Mini Sensors

Species Nitric Oxide Hydrogen Peroxide

Order Number ISO-NOPF ISO-HPO-100

Available Diameters 100 & 200 pm 100 pm

Available Length 2 mm, 4 mm 2 mm, 4 mm

Response Time < 5sec < 5sec

Detection Limit/Range 0.2 nM < 10 nM-1TmM

Sensitivity 10pA/nM 1 pA/nM

Drift none 1.0 pA/min

Temperature Dependent slight slight

Physiological Interference Yes

Microsensor Cable #91580 #91580

Available/w Hypodermic Sheath ISO-NOPFH 1SO-HPO-100-H

Available as “L’-shaped ISO-NOP70L 1SO-HPO-100-L

Table 3: Micro Sensors for NO

Order Number ISO-NOP30 ISO-NOP007 ISO-NOPNM

Available Diameters 30pm 7 pm 100 nm

Available Length 05mm,2mm O.1mm,2mm 0.2 mm

Response Time <3sec <3sec < 3 sec

Detection Limit/Range 1nM 0.5 nM0.5 nM

Sensitivity 1~4pA/nM 1~4pA/nM 0.5 pA/nM

Drift none none none

Temperature Dependent yes yes some

Physiological Interference none none none
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INSTRUMENT DESCRIPTION

Parts List

After unpacking, verify that there is no visible damage to the instrument. Verify that all
items are included:

(1) APOLLO1000 1-Channel Free radical Analyzer System
(1) Sensor (Owner's choice)
(1) Startup kit

(1) 13291 0.085 Pocket screwdriver

(1) 500128 Plug Shorting, BNC

(1) 500258 Coaxial cable, 12"

(1) 91210 Assembly Test Resistor 1G

(1) ISO-TEMP-2 Temperature detector

(1) 91580 Cable Microsensor

Unpacking

Upon receipt of this instrument, make a thorough inspection of the contents and check

for possible damage. Missing cartons or obvious damage to cartons should be noted on
the delivery receipt before signing. Concealed damage should be reported at once to the
carrier and an inspection requested. Please read the section entitled “Claims and Returns”
on page 84 of this manual. Please contact WPI Customer Service if any parts are missing at
941.371.1003 or customerservice@wpiinc.com.

Returns: Do not return any goods to WPI without obtaining prior approval (RMA #
required) and instructions from WPI's Returns Department. Goods returned (unauthorized)
by collect freight may be refused. If a return shipment is necessary, use the original
container, if possible. If the original container is not available, use a suitable substitute that
is rigid and of adequate size. Wrap the instrument in paper or plastic surrounded with at
least 100mm (four inches) of shock absorbing material. For further details, please read the
section entitled “Claims and Returns” on page 84 of this manual.
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Instrument Description

Front panel

Fig. 1 - APOLLO

1000 front panel. APOLLO 1000

Free Radical Anatyzer

AXLEPY

Rear panel

Fig. 2 - APOLLO
1000 rear panel.

Inputs
right of the meter control buttons.

sensor.
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The four inputs on the Apollo 1000 front panel are the lower row of connectors to the
TEMP IN: A three-conductor Lemo connector accepts the provided RTD temperature

I SENSOR IN: A three conductor Lemo connector accepts WPI's free radical sensors.

EXTERNAL POISE: A BNC connector accepts an analog voltage used to drive or sweep
the poise voltage. This input allows the Apollo 1000 to execute techniques such as cyclic
voltametry or differential pulse polarography.

V Sensor IN: A BNC connector accepts ion sensitive electrodes such as pH, Ca**, K* or CI.
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Outputs

The four outputs on the Apollo 1000 front panel are the upper row of connectors to the
right of the LCD display.

TEMP MONITOR: A BNC connector provides a voltage linearly proportional to
temperature.

I MONITOR: A BNC connector provides a voltage linearly proportional to free radical
sensor current.

POISE MONITOR: A BNC connector provides a mirror of internal or external poise voltage.
When techniques other than chronoamperometry are used, the recording device must
plot current against voltage in an XY plot. Poise monitor provides the voltage component.

V MONITOR: A BNC connector provides a voltage signal linearly proportional to
Nearnstian voltages developed by ion selective electrodes.

Controls

The Apollo 1000 fulfills two functions. Its numerical and graphical display gives the
user full status of the measurement in progress. It also provides control over such
things as gain/range, filter settings, units calibration and poise input. The meter has four
operational modes described below. The menu mode may be accessed from any screen
by pressing the menu button (¥)

Instrument Modes
Text Mode

Enter the Text Mode by pressing the X and ¥ buttons simultaneously. Pressing these
two buttons together toggles the display between Text and Graph modes. Text mode
displays Temperature, Voltage, Poise Voltage and Current in large numbers.

 If the temperature sensor is disconnected, the temperature measurement wil not
display.

« The general purpose timer counts up to 99 hours, 99 minutes and 99 seconds. It can
be used to measure the time of an experiment, to measure the polarization time of an
electrode, etc.

» Battery indicator:

Battery OK: none
Low Battery: 1
Charging Battery: &

6 WORLD PRECISION INSTRUMENTS
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NOTE: Internally the system is always sampling at 128 S/s. The system averages the
necessary samples to achieve the desired sample rate. Lower sample rate means more
averaging and there will be less noise on the display. Changing the sampling rate does
not affect the analog outputs. Average digital noise is 2 LSB (1 LSB = Digital resolution,
see "Specifications" on page 48).

Sample Timer

N

Battery ——

Poise ——>»

3
Fig. 3 — Text mode Current ——> 1913 83.4'|-T£| 143H 31"‘! <— Voltage

display / \ -‘;\
Range | Filter V Filter

Graph Mode

Enter the Graph Mode by pressing the X and # buttons simultaneously. Pressing these
two buttons together toggles the display between Text and Graph Modes.

Graph Mode displays the last 92 samples of the current and voltage measurements. On
the right it displays Temperature, Voltage, Poise Voltage and Current.

HIENS Temperature
24.16d4«

Current UOLTAGE : Volt
213.3n <— Voltage

and —> INTPO Is:: .

Voltage 255,84y «<—Poise
. - CURRENT:
Fig. 4 — Graph mode 231 3.p

display \
Current

* Pressing «— or — will change the displayed maximum value (Current or Voltage) of
the graph.

Max I or V value

« Zooming in or zooming out only affects new samples.

 If the temperature sensor is disconnected, the temperature measurement will not
display.

« The blank pixel in the vertical line represents 0.
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Calibration Mode

This instrument was calibrated at the factory. In the unlikely event that recalibration is
deemed necessary, follow these procedures:

Enter the Calibration Mode by pressing the zoom out @\ and right arrow — keys. The
calibration screen allows linear and offset calibration for all the signals. This is a digital
calibration and does not affect the analog outputs.

The cursor is positioned at the selected signal, the cursor is an “0” when adjusting the
offset and an “I” when adjusting the linearity.

@\ Zoom in: Increase value

@\ Zoom out: Decrease value
<« —» Left / Right: Change signal

v OK: Toggles between Offset and Linear Correction
x CANCEL: Exits calibration mode (Changes are automatically saved)
+ Battery charging — Battery voltage

+ Battery voltage — Battery charging

~ )

Current 5. 701,00 —E.323.20 ~19
— |1 3313,+0,0008:+0.6000 \ )
__» [P SB5.8+0.888x+0.000 AC input
T 24.165+0.0085+0.0680
7 M S15.5+0.000:+0.000 %

Temperature / T \ Cursor

Voltage |
Offset adjustment Linear adjustment

Poise

Menu/Run Mode

The Menu/Run Mode can be accessed from any of the above display modes by pressing
the Menu button (¥). This mode displays a menu on top of whatever display mode you
are in that allows you to change ranges, filters and displayed temperature units.

To navigate through the menu options:
«  Use the right and left arrow keys. The selected menu item is highlighted.
«  Press the menu button (#') to select the highligthed menu item.

+  Press the cancel button (¥ to return to the previous menu.
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«  Press the menu button (¥') again to apply the changes.

TETP CURRENT POISE voLT OPTIONS
oC_l_oF (TERTAL | EXTERTAL LIAVEFD "’| FILTER
LAVEFORT FILTER RANGE NoToH ono OFF
|
aTl_cFF on OFF OFF  HOHZ  YHZ  OMHZ
OFF MOHZ  YHZ  QMWZ

S-R 10-R T00AR 1000-R SRIMPLE RATE SOUnD BROALIGHT TITER

Main Menu
Fig.5 - Menu Press the Menu Button (#') To display the main menu.
options displayed in a
raphical tree format
grap * | 7P | currEnT | PoisE | veut | oPTians |
TEMP Menu

Use the TEMP menu to select the appropriate unit.
| CELS®S | FRHREMHET |

CURRENT Menu

The CURRENT menu has four submenus.

| WAVEFORT | FWTER | RANGE | NoTeH |

«  WAVEFORM turns the scrolling display in the graph mode on or off.
| 'WAVEFCRM 0N | WRAVEFORM OFF |

«  FILTER selects the appropriate filter. OFF employs a 4Hz 1st order filter. Other values
are as stated in the Specifications (see page 48).

| OFF | 4oHZ | 4HZ | CMHZ |

WORLD PRECISION INSTRUMENTS 9
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¢ RANGE selects the appropriate range.
| :FE | :Uﬂ |_|H | :G I_IH | 5 |_|FE |
*  NOTCH turns the notch filter on or off.

AT HFF AATrl nr
Pl Pl

POISE Menu

Use the POISE menu to select the appropriate POISE mode.
| POISE MTERMAL | POISE EXTERTAL |

VOLT Menu

The VOLT menu has two sub-menus.
| wAvEFSRT | FULTER |

«  WAVEFORM turns the scrolling display in the graph mode on or off.
| 'WAVEFCRM 0N | WRAVEFORM OFF |

«  FILTER selects the appropriate filter. OFF employs a 4Hz 1st order filter.
Other values are as stated in the Specifications (see page 48).

| OFF | 4oHzZ | 4HZ | ouHz

OPTIONS Menu

The OPTIONS menu has four sub-menus.
SRIMPLE RATE | sounmp | BruGHT | TmER |

*  SAMPLE RATE selects the appropriate SAMPLE RATE for the scrolling display. The
sample rate selected has no effect on the analog output. It affects only the scrolling
display in the Graph mode.

| LWRVEFORT: 0N | WRVEFORT OFF |

«  SOUND toggles the button audio feedback sound on or off. Press the menu button
(v/) to toggle.

«  BKLIGHT selects the length of time before the backlight automatically shuts off. If
the Apollo 1000 has a low battery, choose a shorter backlight time-out to conserve
power.

mn | emin | 60 sEC | 305EC | oFF |

«  TIMER toggles the timer on and off. Press the Menu button (¢/) to toggle.

10 WORLD PRECISION INSTRUMENTS
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Voltage Offset

The Voltage Offset knob located on the upper right side of the Apollo 1000 front panel
is used to bring the output of POTENTIOMETRIC sensors close to zero. This makes
calibration of such sensors easier. Nearnstian pH sensors are always very close to zero
volts at pH 7. This control can be used to compensate for non-Nearnstian behavior
common in mini or microsensors

Current Offset

The Current Offset knob is used to adjust background currents from current sensors closer
to zero so higher gain or wider range may be used. The amount of available current
offset is dependent on gain and poise voltage, according to the following formula:

Offset = ( (Adjustment * 2048mV) - Poise Voltage ) / 100M<, Adjustment = (0,1)
Example:
Poise Voltage = 865mV —  Max offset = (865mV - 0) / T00MQ= 8.65 nA

Min offset = (865mV — 2048mV)/100MQ= -11.83nA

Poise

The Poise voltage adjustment control is a 20-turn trim potentiometer mounted on the
front panel of the instrument. The full range of adjustment is £2V. The table below
suggests poise values for the various sensors sold by WPI.

Table 4: Poise Values for WPI Sensors

NO H,0, H,S o,
Polarization Voltage 865 mV 400 mvV 165 mV 700mv*
Polarization Range 600-950 mv 200-600 mV 0-300 mvV 650-950mVv*

*NOTE: The correct polarization voltage for the ISO-OXY-2 is -700mV. However, the
sensor is wired such that setting the poise voltage to +700mV on the Apollo1000
correctly polarizes the ISO-OXY sensors.

WORLD PRECISION INSTRUMENTS 11
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OPERATING INSTRUCTIONS

Using External Poise control

Grounding and noise concerns

While the Apollo 1000 is protected against EMI, it may still be necessary to provide
additional shielding. Enclosing the system in a Faraday cage is the best way to shield
against stray electric fields. Faraday cages can be constructed of copper screening, but
they must be soldered completely along any joining seams. Place all the instruments and
the sample into a grounded Faraday cage.

It may not be possible to put the whole measurement system in a Faraday cage for
shielding. For example, consider a flow-through system when the probe is immersed
into the effluent of a perfusion system or placed directly into the vein or the heart of an
animal. In this case, grounding the external bathing fluid, vein, or tissue with a Ag/AgCl
reference electrode will often help significantly. If pumps or other electrical instruments
are used in a flow-through system, the associated equipment or instruments should be
grounded, as well. Use a common ground for all equipment in the experiment.

After careful grounding and shielding of the electronic equipment and the probe system,
sometimes movement of people in the immediate vicinity causes current fluctuations.
These are due to variations in the resulting stray capacitance. There are several ways to
minimize these effects. When the measurements are made in vivo, ground the animals.
In addition, the operator may need to be grounded because large static charges can be
generated by the operator’s body. Wrist straps connected to ground the operator may be
helpful.

Set up and use for current sensors

In almost all cases, amperometric sensors must equilibrate in the measuring medium.
Typically, on immersion, large currents are observed. These initial currents will move
toward zero rapidly at first then eventually settling to a smaller non-zero value. See
Appendix A, Table 6, page 54 shows expected final currents and approximate settling times.

NOTE: Sensors are NOT ready to use or calibrate until observed current values are stable.

Offset

Once currents are stable, use the Current Offset knob to move the baseline current as
close to zero as possible.

12 WORLD PRECISION INSTRUMENTS
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Setting Range

In an analog device, gain can be a powerful tool. It literally amplifies small signals up to
the point where they can be recorded by chart recorders or data acquisition systems. First
stage gain improves signal-to-noise and generally makes recording easier. There is a cost,
however. The use of gain narrows the range of observable signal.

For example, suppose an amplifier has a baseline noise of TmV. If a perfectly noiseless
sine wave signal with an amplitude of 2mV is presented to the input and the amplifier has
a gain of x1, the signal-to-noise ratio will be 2:1. If, however, the gain is set to x10 the
2mV signal will increase to 20mV, but the amplifier noise will remain the same. The signal
to noise will then improve to 20:1.

Higher gains produce even better performance. If this is so, why don’t all amplifiers
have incredibly high gains to get the best noise performance, particularly in the case

of free radical sensors whose currents are vanishingly small? The problem occurs with
observable range. Amplifiers cannot output a voltage greater than the supply voltage
used to run them. Most amplifiers run on £5V. In our example above, if we used a gain
of x10,000 the output signal would be 20V (0.002Vx10,000). The amplifier, powered by
+5 volts, would swing to its maximum voltage of 5V and appear over ranged. The use
of gain improves our resolution and narrows our range. In our example above, a gain of
10,000 would limit our observable range to £0.5mV.

In the context of recording the output from free radical sensors, a series of gains or
ranges are provided. The narrower the range, the higher the signal-to-noise and the
quieter the recording. Sensors of this type, however, can produce standing or background
current offsets that make use of more sensitive ranges impossible. To remedy this, Apollo
1000 provides a Current Offset knob (discussed below) which can move the baseline
closer to zero, enabling the use of a more sensitive range.

In most cases free radical sensors will require a period of time to “polarize” or equilibrate.
During this settling time, currents can be in the tens of nanoamps and will require a larger
and less sensitive range to see the progress. Once the sensor is stable, however, use the
current position control to adjust the current as close to zero as possible, and then apply
the most sensitive (smallest) range in which the signal can be seen.

NOTE: Apollo 1000 provides current ranges of 5nA, 10nA, 1T00nA and TpA.

WORLD PRECISION INSTRUMENTS 13
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Setting Filters

The Apollo 1000 has four built-in user-selectable low pass filters which can be useful

in conditioning signals before presenting them to a recorder. The filters included in the
Apollo 1000 are 4th order active low pass filters. This means that they pass signals below
the set filter point. In the case of a 40 Hz filter, all frequencies or signals above 40 Hz are
blocked and signals or frequencies below 40 Hz are passed. Low-pass filters with cutoffs
of 0.4 Hz, 4 Hz and 40 Hz are available in the Apollo 1000 and are selected from the
FILTER menu in the LCD display.

The Apollo 1000 also makes a second kind of filter available to the user. This is described
as a NOTCH filter and is designed to remove signal at a single selected frequency. Spectral
analysis of the noise developed by membrane sensors indicated a significant noise
component in the very low frequency range. The Notch filter removes this.

Filters are generally thought of as devices to remove noise. In reality, they remove signal.
This can greatly increase the time it takes for signals to reach final value and can even
distort faster waveforms and prevent them from reaching their final values.

The lower your set filter, the longer your signal will take to reach final value. If you are
measuring very small changes in current, you may want to use a lower filter setting to
reduce noise. Using a lower filter will make it difficult or impossible to see fast signals.
Conversely, if you are trying to see fast changes such as those associated with stop flow
or fast Kinetic studies, you should use a higher filter setting — 40 Hz, for example.

14 WORLD PRECISION INSTRUMENTS
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SET-UP AND CALIBRATION OF NO SENSORS

Initial set-up

Plug the nitric oxide (NO) sensor into the input connector on the bottom of the required
input channel on the Apollo 1000. Using the screwdriver provided, set the poise voltage
for nitric oxide to 865mV by adjusting the Poise Adjust potentiometer screw on the front
panel of the Apollo 1000. Set appropriate gain and filter. For most sensors or applications,
the 10nA range and 1.4Hz filter is appropriate. Be sure to give the sensor enough time to
polarize before beginning the calibration.

Calibration of the NO sensor

Accurate measurements of NO require an accurate calibration. Three calibration methods
are described in this section.

e The first and most convenient method is based on a simple chemical reaction which
generates known amounts of NO (from NO-2 ). This method can only be used with
the 2.0mm sensor (WPI #ISO-NOP).

CAUTION: This method use H,SO, (sulfuric acid) and can only be used with the
®2mm sensor. Use of this method with solid state (dry) NO sensors will cause
irreparable damage.

«  The second method is based on the decomposition of the S-nitrosothiol NO-donor
(SNAP) using either CuCl as described in Method 1 or CuCl, as outlined in Method 2,
as a catalyst. The NO liberated from SNAP is used to calibrate the sensor.

«  The third method involves preparing aqueous solutions of NO from saturated NO
solutions prepared with NO gas.

'.yWARNlNG: THIS METHOD USES NO GAS WITH CAN BE FATAL IF IT IS
=4 |MISHANDLED.

Calibration kit

Perform the calibration using the NO calibration kit (WPI catalog #5435) which consists
of the following items: plastic stand with two holes, two glass vials, two silicon septums
without holes, two silicon septums with holes and radial slit, one short needle, one long
needle.

The chemicals required for the calibration are not provided.

NOTE: The NO chamber (WPI#NOCHM) can be used as an alternative to the use of the

calibration Kit. Designed specifically for use with 2.0mm electrodes, the chamber can be
adapted to other probes. Calibration temperatures from 4 - 40°C can be controlled using
an external circulating bath.
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CALIBRATION BY CHEMICAL GENERATION OF NO

This method is recommended for use ONLY with the 2.0mm sensor (WPI #ISO-NOP).
The first step is to prepare the following two solutions:

Solution #1: 0.1M H,SO, + 0.1 M Kl
To make 500mL of solution requires:

4.9¢ of H,SO, (2.7mL of concentrated H,SO, {18.4 M})

8.3g of Kl

Slowly add the sulfuric acid to about 400mL of distilled water while stirring. Then add the
KI and mix; finally add distilled water to a final volume of 500mL.

Solution #2: 50yM KNO, (or NaNO,)

The recommended method for preparing this solution is to purchase an ion
chromatography liquid nitrite standard (NaNO, or KNO,) which may be diluted as
appropriate. Standard Nitrite is available from WPI (#7357).

Alternatively, crystalline reagent KNO, may be used, but the user should note that KNO, is
extremely hygroscopic and degrades once exposed to atmospheric moisture. It is therefore
recommended that if the crystalline reagent is to be used that the reagent packaged
under argon be purchased (available from Eastman Kodak Chem #105 7462), and that

it be stored in a desiccator. While this will extend the life of the reagent, it will need to

be replaced more frequently than will the liquid standard. The standard nitrite solution
prepared from this compound should be stored in a gas-tight bottle and refrigerated.

This method of calibration is based on the following reaction:

2KNO, + 2KI+ 2H,S0, ~> 2NO+ I, + 2H,0+ 2K,SO,

where a known amount of KNO, is added to produce a known amount of NO. The
quantity (and so the concentration) of NO generated can be calculated directly from the
stoichiometry if the concentrations of the reactants are known. Since KI and H,SO, are
present in great excess the limiting reagent is KNO,. Experiments have demonstrated
that the nitric oxide generated from this reaction will persist sufficiently long to calibrate
the NO sensor easily and accurately Since the reaction goes to completion, the equation
above states that the ratio between KNO, and NO is 1:1. Therefore the amount of

NO generated in the solution will be equal to the amount of KNO, added. The final
concentration of NO will be equal to the diluted concentration of KNO, in the solution.
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Calibration procedure

1. Allow the sensor to polarize according to the times shown in Appendix A "Table 6:
Range of Standard Calibration Values for Various Probes" on page 54.

2. Record the value of the sensor current before removing it from the distilled water in
which the tip has been immersed during storage.

=~

Ans,yzer

s
o Instrume™

3. Immerse the ISO-NOP sensor tip in a
strong saline solution (1M), and after
waiting a few minutes for the current
to stabilize record its value. If the cur-
rent is offscale or unstable after several
minutes in solution, it is likely that the
membrane has been damaged and the
sleeve needs to be changed (refer to
the section on "Replacing a Membrane
Sleeve" on page 32°).

<———vial containing A L. .
- calibration solution | 4. Place a magnetic stirring bar into one of

ISO-NO sensor

temperature
sensor

© = = the glass vials included in the calibra-
© - stir bar tion Kit. Pipette an appropriate volume
@) (for example,10mL) of solution #1 into
% the vial. This volume will be used later
t_/magne,ic stirrer in the calculation of the final concentra-

tion of NO in solution.
5. Allow the sensor to polarize until the

Fig. 6 — Calibration
setup

current reaches a steady baseline value. This may take up to 12 hours. The baseline
current should settle somewhere between 1000-8000 pA on average. If the value
exceeds 8000pA, see "Replacing a Membrane Sleeve" on page 32.

NOTE: The calibration should be carried out at the same temperature at which the
experimental measurements of NO are to be made. This can be accomplished by
placing the vial and stand in a water bath at the appropriate temperature, and allow-
ing the temperature of the solution in the bottle to equilibrate with the water bath.

6. Place the stand (and water bath, if appropriate) on the magnetic stirrer, and turn on
the stirrer so that the bar is stirring at a moderate rate. This rate should not be modi-
fied once it is set.

7. Secure the ISO-NOP sensor in an electrode holder such as WPI's Pro-Guide or a mi-
cromanipulator (or use one of the septa included with the start-up kit). Do not push
the sensor tip through the hole — slide the electrode laterally through the sliced side
of the septum. Carefully lower the sensor into the vial sealing the opening with the
septum. The sensor tip should be immersed about 2-3 mm into the solution, and
should not be in contact with stir bar. Be very careful when inserting the sensor not
to make contact between the cap and/or bottom of the jar with the tip of the sensor,
because this could damage the membrane.
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8. Wait until the current on the display becomes stable again before continuing. This
may take several minutes if the sensor has undergone a large temperature change.

9. If you feel it necessary to de-gas Solution #1 prior to calibration, this can be done
by inserting one of the long stainless steel needles included with the calibration Kit
through the septum so that the tip is in the solution. Attach the needle through ap-
propriate tubing to a source of pure argon gas (nitrogen may also be used). Insert one
of the short needles included with the Kit through the septum such that the needle
tip is clearly exposed (not in the solution) inside the vial. The small needle allows gas
to escape, thereby avoiding a buildup of pressure. Purge the solution at low pressure
(5PSI or less) for 15 minutes.

10. Once purging is complete and the gas source is turned off, remove the purging and
pressure relief needles.

11. Allow a few minutes for the temperature to equilibrate with the water bath again
since purging with the gas may have changed the temperature.

12. Once a stable baseline is re-established, record the value. The quiescent baseline cur-
rent is an indicator of the health of the sensor.

13. Generally, it is not necessary to pre-purge the calibration solution, since the NO de-
cays only very slowly in this solution.

Creating a Calibration Curve

To create a calibration curve, the user measures the difference in current (pA) generated by
the addition of known quantities of KNO, to the calibration solution. Typically, quantities
are added in succession, and each quantity is twice the amount of the previous addition.

A standard protocol might include four successive additions of KNO,. For example, 5nM,
10nM, 20nM, 40nM.

Once the baseline has been set to zero, generate a known concentration of NO in the
solution by adding a known volume of a the NO standard (solution
#2). For example:

Addition 1: = ©

Add 50pL of solution #2 to 10mL of solution #1. Then the amount % 1) 249 M NG

of NO produced can be calculated by simple dilution factors, as g (17249

follows: g (2) 493 nM NO
. 3 (3) 966 "M NO

50pL of 50uM KNO, (solution #2) into 10mL solution #1 = 1:201 « (1)

dilution. Hence, amount of NO produced = 50 (uM) + 201 =

0.2487pM= 249nM.

Time (sec)

Fig. 7 —Apollo1000
Calibration Output.

18 WORLD PRECISION INSTRUMENTS



APOLLO 1000

ISO-NO Calibration Curve Based on Tabulated Data

1600

1200 -

0 200 400 600 800 1000
Concentration of NO (nM)

Fig. 8 —Apollo1000
Calibration Output.

WORLD PRECISION INSTRUMENTS

Addition 2:

100pL of solution #2 added to the above solution will produce
493nM NO (for example, dilution factor = 1:101.5).

The output from the Apollo 1000 will look similar to the
example shown in Figure 7: here three sequential additions of
KNO, have been made to solution #T1.

From this output a calibration curve can then be created
by plotting the changes in current (pA) against the changes
in concentration (nM). The slope of this curve indicates the
sensitivity of the probe.

Once the sensitivity of the probe has been ascertained (in the
above example the sensitivity was 1.557pA/nM) the sensor is
ready to use experimentally.

[NO] nM | Response (pA)
0 0

249 332

493 746

966 1486
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CALIBRATION OF NO SENSOR BY DECOMPOSITION
OF SNAP

This method can be used to calibrate all NO sensors (see Zhang, et al., “Novel Calibration
Method for Nitric Oxide Microsensors by Stoichiometrical Generation of Nitric Oxide from
SNAP’ Electroanalysis, 2000, 12: 6).

S-nitroso-N-acetyl —D,L-penicillamine (SNAP) is a stable NO-containing compound that
can be used for quantitative generation of NO in solution. SNAP decomposes to NO and
a disulfide byproduct when dissolved in water. However, the rate of decomposition of
SNAP is very slow. The kinetics controlling the decomposition of SNAP depend on several
parameters including pH, presence of catalyst, temperature and light.

In the procedure described here, SNAP is used in combination with a catalyst to
generate known amounts NO in solution which can then be used to accurately calibrate
various NO sensors. The protocol does not investigate all parameters involved in SNAP
decomposition, nor is it intended to propose a model by which SNAP is decomposed.

Two methods are described here for the calibration of NO sensors based on
decomposition of SNAP. The first method relies on the use of CuCl (cuprous chloride) as a
catalyst for the 100% conversion of SNAP into NO. This method is extremely accurate but
technically more demanding than the second method, which relies on the use of CuCl,
(cupric chloride) for the partial but quantifiable conversion of SNAP to NO.

Method 1: Calibration by decomposition of a
S-nitrosothiol compound using CuCl as a catalyst

This method of calibration results in the 100% conversion of SNAP to NO. The amount of
NO produced, therefore, is based on the final concentration of SNAP.

CAUTION: The described calibration procedure requires the use of cuprous (I)
®chloride, Cudl, where Cudl is the active catalyst for the conversion of SNAP to NO.

The calibration curve assumes only the presence of CuCl and hence a 100%
conversion efficiency of SNAP to NO (see “A novel method to calibrate nitric oxide
microsensors by stoichiometrical generation of nitric oxide from SNAP”, X. Zhang, et. al.,
Electroanalysis, 2000, 12(6),425-428). However, in the presence of oxygen CuCl is readily
oxidized to CuCl,. This will happen naturally if the compound is exposed to air and/or
there is inadequate storage of CuCl. The oxidation product CuCl, is much less efficient at
catalyzing the conversion of SNAP to NO, and this would appear during calibration as an
apparent low sensitivity of the electrode to NO.

Since Cudl is readily oxidized to CuCl, special precautions must be taken to keep it in its
reduced state prior to any calibration. It is recommended that CuCl be stored under inert
conditions and if used in solution then the solution must be degassed with inert gas and
absent of all oxygen.
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NOTE: If your laboratory is not adequately equipped to satisfy the conditions for storage
and use of CuCl, see"Method 2: Calibration by decomposition of SNAP using CuCI2 as a
catalyst" on page 22, which describes a similar calibration procedure based on the use of
cupric (Il) chloride CuCl,, in which CuCl, is the active catalyst for the conversion of SNAP to
NO.

Getting Started
Prepare the following solutions:

#1—Saturated solution of cuprous chloride: This should be prepared by adding 150mg
CuCl to 500mL distilled deoxygenated water. The distilled water can be deoxygenated by
purging with pure nitrogen or argon gas for 15 min. The saturated CuCl solution will have
a concentration of approximately 2.4mM at room temperature and should be kept in the
dark prior to use.

#2—Standard SNAP solution: To prepare the standard solution of SNAP, weigh
approximately 5.0mg +/- 2.0mg of SNAP and add it to solution #1. Calculate the molarity
of SNAP solution.Decomposition of SNAP in the stock solution proceeds very slowly due
to the presence of chelating reagent, EDTA. Thus the rate of decomposition is negligible
and the stock solution of SNAP remains relatively stable for at least 5 hours if kept in
refrigerator.

NOTE: The purity of standard reagent, SNAP, is very important for the reported data. Use
high grade SNAP with purity of 95% or better. SNAP

can be purchased from WPI (#SNAP25, SNAP50, Quantity WPI Part #
SNAP100). 25 mg vial SNAP25
TIP: For complete instructions on making standard 50 mg vial SNAP50
100uM SNAP and calculating the molarity of SNAP 100 mg vial SNAP100

solution, see Appendix B, page 84.

Calibration Procedure

Within a nitrogen or argon environment, place 10.0mL of solution #1 (CuCl) in a 20mL
vial (supplied in the ISO-NOP calibration Kit). Drop a small stirring bar into the solution,
and place the vial on a magnetic stirring plate. Immerse a NO probe into this solution and,
while stirring, allow the sensor to polarize until the background current stabilizes. Minimal
drift is normally in 3-5 minutes, although expected baseline current values are different
for each sensor. See the (Appendix A, Table 6, page 54.) As soon as the background current
as observed on the Apollo 1000 meter becomes stable you can begin to record the
current output on the Lab-Trax or other data system.
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Next, inject 3 aliquots containing 5pL, 10pL and 20pL sequentially of the SNAP stock
solution (solution #2) into the vial containing cuprous chloride solution. Depending on the
required calibration range (for example, the final amount of NO produced) desired, the
volumes of SNAP stock solution could be increased to produce a greater concentration

of NO. It is recommended that calibration range be kept close to the anticipated
experimental concentration of NO.

Immediately following the first addition of SNAP into Solution#1 the current (pA) output
from the ISO-NO will be seen to increase rapidly. Within a few seconds the response will
reach a plateau and the second aliquot of SNAP can then be added. Successive additions
of the remaining aliquots of SNAP can be made in a similar way.

A calibration curve can be constructed by plotting the signal output (pA) vs. concentration
(nM) of SNAP. Each addition of SNAP corresponds to equivalent NO concentration. The
response should be very linear from 10 to 1000nM. The sensitivity of the NO probe can
be established from the gradient or slope of the response curve. The sensitivity of the
ISO-NOP sensor is about 1pA/nM. After the sensitivity of the NO probe is established, the
Data-Trax software can be programmed to display data in either concentration directly
(for example, nM, mM) or redox current (for example, pA, nA).

NOTE: Remember that most NO probes are sensitive to temperature changes. It
is therefore recommended that the calibration of a NO sensor is performed at the
experimental temperature.

Method 2: Calibration by decomposition of SNAP using

Cudl, as a catalyst

This method of calibration relies on the use of CuCl, for the partial but quantifiable
conversion of SNAP to NO. This procedure can be used as an alternative to the previous
method in which Cudl is the active catalyst for the conversion of SNAP to NO. In this
procedure Cudl, is substituted as a catalyst for ease-of-handling.

NOTE: Experimentally it has been shown that CuCl, is less efficient as a catalyst in the
conversion of SNAP to NO (for example, , conversion ratio is reduced to approximately
60%). The accuracy of the calibration may also be reduced.

S-Nitriso-N-acetyl-D,L-penicillamine (SNAP) is a stable NO-containing compound that can
be used for quantitative generation of NO in solution. SNAP decomposes to NO and a
disulfide byproduct when dissolved in water. However, the rate of decomposition is very
slow. The kinetics of decomposition for this reagent is a function of several parameters
including pH, presence of a catalyst, temperature and light.

In the procedure described here, SNAP is used in combination with a catalyst, cupric (1l)
chloride (CuCl,), to generate a known quantity of NO in solution. Note that this protocol
does not investigate the effects of all parameters involved in SNAP decomposition nor
does it propose a model by which NO is decomposed. The presented procedure provides
an empirical estimation of the amount of generated NO based on the molarity of a
standard stock solution of SNAP under a controlled set of parameters.

22 WORLD PRECISION INSTRUMENTS



APOLLO 1000

Getting Started

Prepare the following solutions:
Solution #1: Dissolve 5mg EDTA in 250mL of water (HPLC grade).
Solution #2: Prepare 250mL 0.1M cupric (II) chloride in distilled water.

Preparing standard SNAP solution

To prepare the standard solution of SNAP, weigh approximately 5.0mg +/- 2.0mg of
SNAP and add it to solution #1. Calculate the molarity of SNAP solution. Decomposition
of SNAP in the stock solution proceeds very slowly due to the presence of chelating
reagent, EDTA. Thus the rate of decomposition is negligible and the stock solution of
SNAP remains relatively stable for at least 5 hours if kept in refrigerator.

NOTE: The purity of standard reagent, SNAP, is very important for the reported data.
Use high grade SNAP with purity of 95% or better. SNAP can be purchased from WPI
(#SNAP25, SNAP50, SNAP100).

TIP: For complete instructions on making standard 100uM SNAP and calculating the
molarity of SNAP solution, see Appendix B, page 84.

Calibration Procedure

Place 10.0mL of solution #2 in a 20mL vial (supplied in the calibration kit). Drop a small
stirring bar into the solution, and place the vial on a magnetic stirring plate. Immerse a
NO probe into this solution, and while stirring, allow the background current to stabilize.
The appropriate time for stabilization depends on the model of the sensor. Refer to the
Appendix A, Table 6, page 54 for suggested times. As soon as the background current
becomes stable start the recording.

Next, sequentially inject three aliquots of SNAP solution, 5pL, 10pL, and 20pL, into the
vial containing copper chloride solution. The current output will rapidly increase upon
addition of first aliquot and will reach a plateau within a few seconds. Inject the second
aliquot, 10pL, as soon as the first signal reaches a plateau. Finally add the third aliquot as
the second signal reaches its plateau. If aliquots are not added promptly when reaching
the previous plateau, the signal will slowly decline because generated NO is quickly
oxidized to nitrite and nitrate which will not be detected by the probe.

NOTE: You can adjust the volume of injected aliquots according to the concentration
of SNAP stock solution. Decrease the volume of aliquot if electrode is very sensitive or
increase the volume of aliquot if the electrode is less sensitive.

Because NO sensors can be calibrated in a linear fashion, the magnitude of every signal
should almost double as the volume of SNAP solution added is doubled in the course of
the calibration. Use the recorded data to construct a calibration curve. The calibration
curve can be simply constructed by plotting the signal output (for example, in pA) vs. the
concentration of SNAP added at that time. Note that every addition of SNAP solution
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corresponds to a particular NO concentration. This will be discussed below. After the
sensitivity of the NO probe is established, the Data-Trax software can be programmed to
display data in either concentration directly (for example, nM, mM) or redox current (for
example, pA, nA).

The standard SNAP solution can be used for the calibration of NO probes throughout the
day. Store the solution in the dark and refrigerate when not in use. Prepare a fresh stock
solution of SNAP in the beginning of every day to ensure minimal decomposition of SNAP
in the stock solution. Concentration of SNAP decreases to 5-10% of its nominal value
after approximately 4-5 hours.

NOTE: Remember that most NO probes are sensitive to changes in temperature. It is
therefore recommended that the calibration of your sensor is performed at a constant
experimental temperature.

Predicting the level of detectable NO according to the molar
ratio of SNAP in the presence of catalyst (Method II)

Experiments have shown that SNAP is decomposed instantaneously under the following
set of experimental conditions:

Temperature 25°C
Catalyst solution 0.1M copper chloride

SNAP WPI, 98% purity. Fresh stock solution with 5 mg/250 mL solution EDTA
added.

Copper chloride is at equilibrium with ambient air (aerobic conditions).

SNAP (RSNO) decomposes to NO and a disulfide byproduct according to the following
equation:

2 RSNO=2NO + RS -SR

Theoretically, the concentration of generated NO should be equal to the final
concentration of SNAP in the copper chloride solution in the calibration vial if the
decomposition goes to completion and if the generated NO is detected quickly before it is
oxidized to nitrite and nitrate.

However, it is expected that the level of detectable NO will be below the theoretical
value because the copper chloride solution is at equilibrium with ambient air, and
consequently a portion of the generated NO would have been immediately oxidized to
nitrite and nitrate before it was measured by the NO sensor. In addition, it is possible that
decomposition of SNAP does not go to completion even in the presence of a catalyst.
Results on the kinetics of SNAP decomposition in the presence of a catalyst in an
anaerobic environment are published elsewhere (Zhang et al., “Novel Calibration Method
for Nitric Oxide Microsensors by Stoichiometrical Generation of Nitric Oxide from SNAP”,
Electroanalysis, 2000, 12: 6).
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Our experimental data indicates a conversion efficiency of SNAP to NO of approximately
0.6 (60%). This result is only applicable for calibration of a NO sensor in a solution,
which is at equilibrium with ambient air and at the experimental conditions described
above. Hence for each mole of SNAP, 0.6 mole of NO is liberated under the proposed
set of parameters. It is assumed the other 40% of SNAP is either not decomposed or a
proportion that is decomposed to NO is subsequently oxidized immediately before it is
detected by the NO sensor.

Example for creating a calibration curve

The following example walks through the calibration procedure just described.
1. Prepare Solution #1 by dissolving 5.0mg EDTA in 250mL of water.

2. Prepare Stock Solution by dissolving 6.4mg SNAP in 250mL of solution #1.

TIP: For complete instructions on making standard 100uM SNAP and calculating the
molarity of SNAP solution, see Appendix B (page 84).

3. Prepare Solution #2. Prepare 250mL 0.1M CuCI2 in distilled water.

4. Calculate the concentration of NO in the SNAP solution (molarity).
M=m/V
Where M is the concentration in molars, m = mass of the substance in moles, V=
volume of solution in liters
M = [0.0064g / 220.3g/mol]/0.25L = 0.000116M = 1.16mM

5. Set up the equipment. Place 10mL of Solution #2 in a vial on the magnetic stirring
plate and set up the NO probe. Allow the background current to stabilize before
recording.

6. Calculate the total volume in the vial after each addition and record the number. The
initial value is TOmL (0.01L). For a three point calibration, the concentrations to be
added will be 20pL, 40pL and 80pL. So, the added values are 20ulL (0.00002L), 40uL
(0.00004L) and 80uL (0.00008 L), and the successive total values after each addition
will be 0.01002L, 0.01006L and 0.01014L.

7. Calculate the concentration of SNAP in each amount to be added to the 10mL of
Solution #2. Calculate the final concentrations for each addition using the formula for
dilutions.

MV, = MV,

where M, = initial molarity, V; = initial volume, M; = final molarity, V; = final volume
[0.000116M * 0.00002L]/0.01002L = 231.5nM
[0.000116M * 0.00004L]/0.01006L = 461.2nM
[0.000116M * 0.00008L]/0.01014L = 915.2nM
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Calculate the effective concentration of NO in the solution after each addition is
made. When employing the calibration method that uses CuCl,, the yield of NO gas is
approximately 60% of the concentration of SNAP. Calculate the effective values.

[SNAPJ*0.6 = [NOJ

231.5nM[SNAP] * 0.6 = 138.9nM|NO]
461.2nM[SNAP] * 0.6 = 276.7nM[NO]
915.2nM[SNAP] * 0.6 = 549.1nM[NO]

9. Record all your calculated values in a table similar to the one below.

Amount Total volume |[[SNAP] [NO]
added

20 pL 0.01002 L 231.5nM 138.9 nM

40 pL 0.01006 L 461.2 nM 276.7 nM

80 pL 0.01014 L 915.2 nM 549.1 nM

10. Add the test liquids and measure the current output. The SNAP reacts with the CuCl,
producing NO gas. When NO gas passed through the gas permeable membrane, it
generates an output current that is measurable, and the results can then be graphed.
To the vial containing 10mL of solution #2, add 20pL, 40pL and 80pL of Stock Solu-

tion, recording the current measurements after each addition.

11.

Amount added | [NO] Current Recorded
20 pL 138.9 nM 230 pA
40 pL 276.7 nM 488 pA
80 pL 549.1 nM 926 pA

Construct a standard calibration curve us-
ing the recorded data. Using a third party
spreadsheet with graphing capability like
Microsoft® Excel, it is possible to generate
a linear regression analysis that will dis-
play the equation and the R? coefficient. To
do this in Excel, enter the data and gener-
ate a “scatter plot” graph. Then, select the
line and right click. Choose Add Trendline.
The Add Trendline dialog box appears.
On the Type tab, select Linear, and on the
Options tab, select the Display equation
on chart and Display R-value on chart.

The data from the calibration curve indicates
that this procedure allows an excellent linear
calibration of NO probes. The accuracy of

calibration is approximately +/- 10% from mean. The source of error arises most probably
from gravimetric measurement of the standard reagent, SNAP. In addition, purity of SNAP
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Fig. 10—Setup for
preparing a saturated
NO aqueous solution.

as well as partial oxidation of generated NO in the calibration solution could contribute to
this error. Such a deviation may not be so important when NO is quantified in biological
systems because most often the ability to measure changes in the basal concentration of
NO is more significant than measurement of the absolute level of NO.

Preparing an NO Standard using NO Gas

This method can be used with all NO sensors and has the advantage of allowing

the user to calibrate NO sensors in the same environment in which the experimental
measurements will be made. However, it has the disadvantages of added cost,
inconvenience, and greater hazard to the user. All of these factors must be taken into
consideration.

Af':\ ARNING: NITRIC OXIDE MUST BE HANDLED ONLY IN A WELL-VENTILATED

|u'.f'&| IAREA, TYPICALLY A LABORATORY FUME HOOD WITH FORCED VENTILATION.
THE U.S. OCCUPATIONAL SAFETY AND HEALTH ADMINISTRATION HAS SET A
TIME-WEIGHTED AVERAGE MAXIMUM NO VALUE AS 25PPM. THAT IS TO SAY,
25PPM IS CITED AS THE MAXIMUM CONCENTRATION TO WHICH WORKERS MAY
BE CONTINUALLY EXPOSED. BRIEF INHALATION OF CONCENTRATIONS AS LOW AS
200PPM COULD PRODUCE DELAYED PULMONARY EDEMA WHICH MAY BE FATAL
AFTER AN ASYMPTOMATIC PERIOD OF UP TO 48 HOURS AFTER THE INITIAL
EXPOSURE. IT IS THEREFORE CRITICAL THAT THE PERSONNEL HANDLING THE GAS
BE THOROUGHLY FAMILIAR WITH THE MATERIAL SAFETY DATA SHEET (MSDS) AND
PROPER HANDLING PROCEDURES. THE PRECAUTIONS RECOMMENDED BY THE
GAS MANUFACTURER MUST BE FOLLOWED.

Pressure regulator Fume hood

Tee purge valve

=

Escaping gas

NO lecture bottle 10% KOH Distilled water
in stand
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1. Be certain the fume hood is functioning. Inhalation of NO gas is potentially fatal.
See the WARNING on the previous page.

2. Make sure that all fittings and connections are secure. The tubing to be used should
not be permeable to NO. We recommend Tygon® tubing if a polymer tubing is to
be used; this is permeable to NO but has the best performance compared to other
polymer tubing of which we are currently aware. Ideally glass tubing should be used.
If Tygon® tubing is used, note that prolonged exposure to NO affects its properties;
therefore it is recommended that the tubing be inspected frequently and that it be
replaced when it appears to be brittle. The pressure regulator and tee purge adaptor
should be stainless steel since nitric oxide is corrosive.

3. Prepare 100mL of a 10% (by weight) KOH solution and place it in the sidearm flask
as illustrated in Figure 7, on the previous page. The flask should be sealed with a
stopper through which the tubing passes by means of a Luer fitting to a syringe
needle which extends almost to the bottom of the flask. Tubing is used to connect
the side arm of the flask to the vial containing the water to be equilibrated with NO.
The KOH solution is used to remove other nitrogen oxides from the NO gas.

4. Place 20mL of distilled (preferably deionized) water in a small glass vial. Seal the vial
with a stopper and insert through the stopper a long syringe needle which extends
almost to the base of the vial. Connect this syringe needle to the tubing from the
KOH flask, as illustrated. Insert an additional shorter syringe needle which should not
extend into the solution. This acts as a pressure relief during purging.

5. Place the distilled water vial in an ice-water bath. Reducing the temperature increases
the solubility of NO in solution. Thus when the solution is used at room temperature
you will be assured of a saturated NO solution.

6. Purge the system with argon (or nitrogen) gas for a period of 30 minutes at a moder-
ate flow rate such that the pressure is maintained at a safe level (1-2PSI). When purg-
ing it should be observed that gas is indeed bubbling through the KOH solution as
well as the distilled water. After 30 minutes turn off the argon source, and switch the
tee purge valve to the correct position for purging with NO from the lecture bottle.

7. Purge the system with NO for 5-10 minutes if using a pure source (longer if the NO
source is not pure). Again make sure that gas is bubbling solutions.

WARNING: NO IS NOW ESCAPING FROM THE PRESSURE RELIEF NEEDLE IN

THE STOPPER OF THE DISTILLED WATER VIAL. IT IS IMPERATIVE THAT THE

FUME HOOD BE RUNNING AT MAXIMUM CAPACITY WITH THE FRONT
PANEL CLOSED.)

8. After the time in step 7 has elapsed turn off the NO source.

9. Immediately remove the two needles from the distilled water vial.
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10. Set the tee purge valve for purging with argon (or nitrogen) gas, and turn on the
argon source. Purge the system for 5-10 minutes at a moderate flow rate. Gas should
be bubbling through the KOH and then escaping from the flask into the atmosphere.
Again be sure that the fume hood is ventilating well.

11. Turn off the argon (or nitrogen) source, and allow the fume hood to continue to venti-
late for 10-15 minutes so as to ensure that all traces of NO gas are removed from the
atmosphere.

12. The solution of distilled water should now be saturated with NO. The concentration
of NO produced by this saturation is dependent upon the temperature. At 0°C, the
concentration is approximately 3.3mM, and at 20°C the concentration is approxi-
mately 1.91TmM.

13. Dilutions of known concentration can be prepared from this saturated solution. In
preparing a dilution, be careful not to unseal the vial, for this exposes the solution to
atmospheric oxygen.

Once the dilutions are prepared, it is a simple matter to calibrate the instrument.

Measurement of NO

It is not within the scope of this manual to outline in detail how to use NO sensors to
measure NO in every experimental set up the user may encounter. There are, however,
some guiding principles of which the user should be aware to exploit fully the capabilities
of the technology. These are outlined below.

NO delivery

For measurement of NO to be made, the NO must reach the sensor surface so it can react
on the electrode surface. This point is of particular concern, because in many experiments
the lifetime of NO is short. This is especially true in biological systems where compounds
such as hemoglobin can reduce the half-life of NO to less than a second. It is therefore
critical that the experimental set up is designed to maximize delivery of NO to the sensor.
In particular, the tip of the sensor must placed as close as possible to the site of NO
release.
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Durability and handling

The user must exercise caution when handling any NO sensor to avoid actions which
could damage the sensor tip. The sensor membrane and membrane coatings are
extremely delicate and improper handling will lead to damage.

Environmental influences

There are two environmental parameters to which NO sensors are quite sensitive:
temperature and electrical interference, both of which are discussed in greater detail
below

Temperature

Note that the sensitivity of the NO sensor is temperature-dependent. This is due to the
effects of temperature on the partial pressure of NO in either liquid or gas samples, on
the permeability of the membrane or coatings, and on the conductivities of various circuit
components. It is therefore recommended that any calibration is performed at the same
temperature as the experiment and that temperature be held constant.

Electrical interference

Although nitric oxide monitoring using the Apollo 1000 involves the measurement of
extremely small currents, the intrinsic noise level of the Apollo 1000 and NO sensors is
low enough to provide accurate measurements of nitric oxide. However, various external
electrical noise sources may couple to the system electromagnetically and produce large
extraneous signals in the output record. The magnitude of this external noise depends on

the environment of the laboratory. If the interference introduced by the electrical signals
in the environment is large, ground and shield the system propetly.

Maintenance of NO Sensors

The various NO sensors, if well cared for, will require very little maintenance

Maintenance of the ISO-NOP

When the ISO-NOP sensor is not being used it should be left connected to the Apollo
1000 in the ON position (or to Pre-Polarizer NSA-3 with the tip suspended in distilled
water. The basic structure of the ISO-NOP sensor is quite simple (see Fig. 11). It consists

of an internal NO-sensing working/counter electrode combination ®. This electrode fits

inside a disposable protective stainless steel sleeve @(WPI#5436) which must contain
fresh electrolyte (WPI#7325), and is separated from the external environment by a gas

permeable polymeric membrane @ covering the end of the stainless sleeve. The other
end of the sleeve is flanged. The locking cap ® is used to attach the sleeve to the probe
handle @.
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When the sensor is fully assembled (for example, with locking cap and sleeve in place)
the internal electrode should be seen to press gently against the polymeric membrane,
which will then be slightly stretched. This ensures that the electrolyte diffusion layer
will be as thin as possible, which is necessary to minimize sensor response time.

Once a membrane is stretched it is permanently deformed and cannot usually be
reused if the sleeve is removed from the electrode. Four additional membrane sleeves
accompany the ISO-NOP in the start-up Kit, together with a MicroFil™ electrolyte filling
needle (WPI#MF28G67-5) and 1 mL syringe. Additional sleeves can also be purchased
separately (WPI#5436). With proper care and by following the instructions below a
membrane sleeve should last more than one month.

Fig. 11 — Basic probe structure of ISO-NOP sensor

Cleaning the Membrane

The membrane sleeve itself requires very little maintenance. The primary concern is to
avoid damage to the membrane and to keep it as clean as possible. After each use the
membrane should be cleaned by suspending the tip in distilled water for 20-30 minutes
to dissolve salts and remove particles which may have accumulated on the membrane.
If the probe was used in a protein-rich solution, the tip should first be soaked in a
protease solution for several minutes to remove protein build-up, and then in distilled
water. Enzymatic detergent (for example, Enzol, WPI#7363) can also be used. The
membrane sleeves can also be sterilized chemically using an appropriate disinfectant
(for example, Cidex, WPI#7364). Accumulated organic matter can be removed by briefly
immersing the tip in a 0.1M HCl or 0.1M NaOH (at times both may be necessary) for

10 seconds. A good indication of a dirty membrane sleeve is a sluggish response or

an unusually low sensitivity. If these problems are not rectified by the above cleaning
procedures then the membrane sleeve should be replaced. The probe cannot be used in
organic solvents.
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Replacing a Membrane Sleeve

Even with the best of care and proper maintenance, the membrane sleeve will eventually
need to be replaced. Replacement is simple and straightforward.

1. Unscrew the locking cap from the handle.

2. Hold the stainless steel sleeve and remove it with the locking cap from the internal
electrode assembly, being careful not to bend the electrode assembly when doing so.

3. Rinse the internal electrode with distilled water (particularly the tip) and let it soak for
at least 15 minutes. Be careful not to let water get up into the handle. Depending on
the scale, the current on the Apollo 1000 meter should go offscale when the electrode
is being rinsed.

4. Gently dry the electrode with a soft tissue (Kimwipes). Be sure to dry thoroughly the
flat surface at the tip of the electrode. After drying the current should stabilize fairly
quickly to a low value (for example, 0 - 20 pA). If this occurs, it is a good indication
that the electrode is functioning properly.

5. If the electrode is not clean, repeat steps 3 and 4. If necessary the ISO-NOP Rejuve-
nator (WPI#JUV) can be used restore sensitivity of an old electrode (contact WPI for
assistance).

6. Remove the locking cap from the old used sleeve, and gently slide it onto the new
replacement sleeve. Additional membrane Kits (WPI#5436) may be purchased sepa-
rately.

7. Wet the internal electrode by immersing the tip 1-2cm into the ISO-NOP electrolyte
(WPI #7325) provided in the ISO-NOP start-up kit. The current will rise rapidly offs-
cale. Using the MicroFil™ nonmetallic syringe needle (WPI #MF28G67-5) and 1 mL
plastic syringe (supplied) inject approximately 100 microliters of electrolyte directly
into the new sleeve, starting at the membrane tip and drawing the MicroFil out of the
sleeve as it fills. The filling process should be performed slowly enough so as not to
create turbulence, which could introduce air bubbles into the electrolyte. The MicroFil
supplied should be less than the length of the sleeve, so that it will not puncture the
delicate membrane at the tip of the sleeve during injection. If the MicroFil is longer
than the sleeve it can be cut to the correct length.

8. Slowly and smoothly insert the electrode into the sleeve, and screw the locking cap
into the handle. The electrode should be observed to press gently against the mem-
brane. (See Fig. 12, below.)

9. The current displayed on the meter at this time will be high or offscale.

10. Suspend the tip of the newly assembled probe in distilled water.
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11. After 10-15 minutes the current should no longer be offscale and will gradually de-
crease with time. It may take several (up to 12) hours for the sensor current to reach
a low stable value, at which time it will be ready for use. Refer to Appendix A, Table 6,
page 54.

TIP: The integrity of the new membrane can be determined by immersing the probe
tip into a strong saline solution (1M). If the current observed, after a few minutes in
the saline solution, increases dramatically or is offscale then the membrane integrity
is not good and a new membrane will have to be fitted.

12. When the ISO-NOP is not being used it should be stored with the tip suspended in
distilled water. For long term storage, remove the sleeve, rinse with distilled water
and store dry in a cool, dark location.

The internal electrode tip
should protrude slightly
out into the membrane.

Fig. 12 —Membrane placement. The internal electrode tip should protrude slightly out into the
membrane.
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Maintenance of Nitric Oxide Microsensors

WHPI's nitric oxide microsensors are maintenance-free consumable sensors that are
warranted against defect for 30 days from the date of purchase. The following information
should increase the lifetime of the sensor:

Tip care

The surface of the sensor tip is very sensitive and is covered with a layer of proprietary
selective membranes. The tip of the sensor should never be handled as this will damage
the membranes and compromise the electrode’s selectivity for NO. During use the
electrode should be held securely, preferably using a micromanipulator or other similar
device that permits accurate positioning, such as WPI's ProGuide electrode holder/
positioner (WPI Part #47520, 47510, 47530, 47540).

The electrode should be cleaned periodically in distilled water and dried using soft tissue
paper. Organic contamination can be removed using a mild enzymatic detergent such as
ENZOL (WPI #7363).

Sterilization
The following methods can be used to sterilize the sensor:
«  Ethylene oxide

e (Cidex solution (WPI #7364)

Storage

NO microsensors should be stored dry in a cool place away from direct sunlight. They can
also be left attached to an ISO-NO Activator (WPI # NSA-3). The Activator maintains the
sensor in a polarized state, ready for immediate use when required. It is not required for
NO microsensors to be immersed in solution for the activator to maintain polarization of
the electrode.
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SET-UP AND CALIBRATION OF HPO SENSORS

Initial Set-up

Plug the HPO sensor into the input connector on the bottom of the required input channel
on the Apollo 1000. Using the screwdriver provided, set the poise voltage for hydrogen
peroxide to 400mV by adjusting the Poise Adjust potentiometer screw on the front panel
of the Apollo 1000. Set appropriate gain; For most sensors or applications, 10 nA range

is appropriate. Be sure to give the sensor enough time to polarize before beginning the
calibration.

The structure of the HPO sensor

The basic structure of the ISO-HPO-2 sensor is identical to that of the ISO-NOP nitric oxide
sensor (see Fig. 11), although there are significant differences in the type of materials
used.

It consists of an internal working/counter electrode combination. This electrode fits
inside a disposable stainless steel sleeve (WPI#600012) which must contain fresh
refillable electrolyte (WPI#100042), and is separated from the external environment

by a membrane covering the end of the stainless sleeve. The other end of the sleeve

is flanged. The locking cap is used to attach the sleeve to the probe handle. When the
sensor is fully assembled ,the internal electrode should be pressing gently against the
membrane, which will then be slightly stretched. (See Fig. 12, page 33.) This ensures that
the electrolyte diffusion layer will be as thin as possible, which is necessary to minimize
sensor response time.

Reuse of a previously installed membrane sleeve is not recommended. Once a
membrane is stretched, it is permanently deformed. A re-installed sleeve does not
achieve the same tightness of fit, and as a result, the electrode’s performance will be
unreliable. Four additional membrane sleeves (WPI#600012), a MicroFil™ electrolyte
filling needle (WPI#MF28G67-5) and 1mL syringe are provided in the ISO-HPO startup-kit
(WPI#600011).

With proper care and by following the instructions below, a membrane sleeve should last
more than one month.

Calibration of the HPO Sensor

Hydrogen peroxide (H,O,) is a very important product in the biological system. The
determination of H,O, requires an accurate method of calibration. Amperometeric
(electrochemical) determination using the Apollo 1000 is a very reliable method to
measure H,0,. The instrument measures the amount of H,O, oxidized on the surface of
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the sensor using a poise voltage of +400mV. The oxidation of H,O, at the sensor surface
produces a small current (pA), which is detected by the Apollo 1000. The amount of
current produced is linearly proportional to amount of H,0, in the experiment.

Items Required

«  Plastic stand with two holes

e One glass vial

+ 1.0mM H,0,. standard solution (To make standard solution, see APPENDIX B, page 55.)

«  0.01M PBS buffer solution (Sigma-Aldrich P4417-100TAB) (To make standard solution,
see APPENDIX B, page 55.)

NOTE: The multi-port measurement chamber (WPI#NOCHM-4) can be used as an
alternative calibration Kkit, specifically for use at different temperature condition.
Calibration temperatures from 4 - 40°C can be controlled using an external circulating
bath (contact WPI for information).

Calibration Procedure

1. Turn on the Apollo 1000 and connect the ISO-HPO-2 sensor to the input. Using the
screwdriver provided, set the poise voltage for nitric oxide to 865mV by adjusting the
Poise Adjust potentiometer screw. It is important that the poise is set before plugging
in the electrode, because improper poise can cause damage to the electrode. Set the
current range to T0mA

2. Measure an appropriate volume (for example, 10 mL) of PBS buffer solution (0.01M)
into a glass vial. Place the vial on a magnetic stirring plate and put a small stir bar
into the vial. Set the stir rate at a medium speed.

3. Remove the sensor from the electrolyte solution in which the tip has been immersed
during storage. Immerse the ISO-HPO-2 sensor tip in PBS buffer solution (0.01M), The
sensor tip should be immersed about 0.3-0.5mm into the solution, and should not be
touched by the stir bar.

4. Record the current value after a 10-15 minute settling period. If the current is offs-
cale or unstable after a half hour in solution, it is likely that the membrane has been
damaged and the sleeve needs to be changed (refer to the section on “Changing the
Membrane Sleeve”).

NOTE: The calibration should be carried out at the temperature at which the samples
of H,0, are to be measured. This can be accomplished by placing the vial and stand
in a water bath at the appropriate temperature, and allowing the temperature of the
solution in the bottle to equilibrate with the water bath.
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5.

In two hours or less, the sensor should achieve a stable baseline current value. See

Appendix A, Table 6, page 54 for the appropriate value. At this time, the sensor is ready
for calibration.

Creating a calibration curve
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To create a calibration curve, the user measures the current (pA)
generated by the addition of increasing amounts of H,O, to the
calibration solution.

1. Wait for current output to stabilize.

2. Consecutively add known volumes of the H,O, standard solution
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The additions can be added once every 20-30 seconds. The result-
ing output should look similar to the example in Fig 13.

From this output, a calibration curve (Fig. 14) can be created by plotting the changes in

current (pA) against the changes in concentration (mM). The slope of this
curve indicates sensitivity of the probe.

Interference Temperature

The background current of the sensor will usually increase with
increasing temperature of the experiment. Although, the sensitivity of
the sensor does not change significantly within the range 20-37°C, it is
recommended that any calibration should be performed at the same
temperature as the experiment.

The sensor works best between pH 3-10. Changing the pH of the solution

does not affect the sensitivity. However, if the pH is below 3.0, the noise of the sensor will
increase. At pH 10.0 and higher, the response of the sensor will diminish significantly.

Maintenance of HPO Sensors

When the ISO-HPO-2 sensor is not being used (for short-term storage) it should be
connected to the Apollo 1000 with power ON and with the tip suspended in 0.1M PBS
solution. (Do not use water.) This will keep the sensor polarized and ready for immediate
use. For long term storage, the sensor should be stored dry in a cool, dark place. Protect
the sensor with a used membrane sleeve, if desired.
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Clean the Membrane

The membrane sleeve itself requires very little maintenance. The primary concern is to
avoid damaging the membrane and to keep it as clean as possible. After each use, the
membrane should be cleaned by suspending the tip in distilled water for 20-30 minutes
to dissolve salts and remove particles ,which may have accumulated. If the probe was
used in a protein rich solution the tip should first be soaked in a protease solution

for several minutes to remove protein build-up, and then in distilled water. Enzymatic
detergent (for example, Enzol, WPI#7363) can also be used. The membrane sleeves

can also be sterilized chemically using an appropriate disinfectant (for example, Cidex,
WPI#7364). Accumulated organic matter can be removed by briefly immersing the tip in
a 0.1 M HCl or 0.1 M NaOH solution (at times both may be necessary) for 10 seconds. A
good indication of a dirty membrane sleeve is a sluggish response or an unusually low
sensitivity. If these problems are not rectified by the above cleaning procedures then the
membrane sleeve should be replaced. The probe cannot be used in organic solvents.

Changing the Membrane Sleeve

Even with the best of care and proper maintenance, the membrane sleeve will eventually
need to be replaced. Replacement is simple and straightforward.

1. Unscrew the locking cap from the handle.

2. Hold the stainless steel sleeve and remove it with the locking cap from the internal
electrode, being careful not to bend the electrode assembly when doing so.

3. Rinse the internal electrode with distilled water (particularly the tip) and let it soak for
at least 15 minutes. Be careful not to let water get into the handle. Depending on the
scale, the current on the Apollo 1000 should go offscale when the electrode is being
rinsed. (~25nA in 18MQ of water)

4. Gently dry the electrode with a soft tissue (Kimwipes). Be sure to thoroughly dry the
flat surface at the tip of the electrode. After drying the current should stabilize fairly
quickly to a low value (for example, 0 - 20pA). If this occurs, it is a good indication
that the electrode is functioning properly.

5. If the electrode is not clean, repeat steps 3 and 4. If necessary the ISO-NOP Rejuvena-
tor (WPI #JUV) can be used to restore sensitivity of an old electrode (contact WPI for
assistance).

6. Remove the locking cap from the old used sleeve, and gently slide it onto the new
replacement sleeve.

7. Wet the internal electrode by immersing the tip 1-2cm into ISO-HPO-2 electrolyte
(WPI #100042). The current will rise rapidly offscale. Using the MicroFil™ non-metallic
syringe needle (WPI #MF28G67-5) and 1ml plastic syringe (supplied) inject approxi-
mately 100ulL of electrolyte directly into the new sleeve, starting at the membrane
tip and drawing the MicroFil out of the sleeve as it fills. The filling process should be
performed slowly enough so as not to create turbulence, which could introduce air
bubbles into the electrolyte. The MicroFil supplied should be less than the length of
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the sleeve, so that it will not puncture the delicate membrane at the tip of the sleeve
during injection. If the MicroFil is longer than the sleeve it can be cut to the correct
length.

8. Slowly and smoothly insert the electrode into the sleeve, and screw the locking cap
into the handle. The electrode should be observed to press gently against the mem-
brane.

9. The current at this time will be high or offscale.
10. Suspend the tip of the newly assembled probe in 0.1M PBS buffer solution.

11. After 10-15 minutes the current should no longer be offscale and will gradually de-
crease with time. It may take several (up to 2) hours for the sensor current to reach a
low stable value, at which time it will be ready for use. See Appendix A, Table 6, page
54.

12. If the current observed, after a few minutes in the saline solution, increases dramati-
cally or is off scale, then the membrane integtity is not good and a new membrane
will have to be fitted. Additional ISO-HPO-2 membranes (packages of 4) are available
from WPI (WPI #600012).

Storage

Store the electrode with its tip immersed in electrolyte solution in the sealed vial provided
with the electrode. For long term storage, remove the membrane sleeve, rinse with
distilled water and store dry in a cool, dark location. Protect the inner electrode by using
an old membrane sleeve with the membrane removed or place it inside a suitable box to
prevent damage.
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SET-UP AND CALIBRATION OF OXYGEN SENSORS

The ISO-OXY-2 in combination with Apollo 1000 amperometrically measures the
concentration of oxygen in aqueous solutions and can be used short term (2 hours or less)
in a gas mixture. The sensor houses a platinum working electrode and a silver counter/
reference electrode inside a stainless steel sleeve. A gas-permeable polymer membrane

is fitted over the end of the sleeve which allows oxygen to pass while blocking liquids,
ions and particulate matter. Oxygen diffuses through the membrane and is reduced at

the platinum cathode which is held at -0.7V when the instrument is on. This results in an
electrical current being generated, the magnitude of which is determined by the rate of
diffusion to the electrode which is proportional to the partial pressure of oxygen outside
the membrane. Thus the current serves as a measure of the partial pressure of oxygen.

The ISO-OXY-2 comes ready to use. All the user must do is attach the sensor to the Apollo
1000, set the correct poise and voltage, turn the power on and wait for the current to
decay to a stable value (this usually takes several hours). (See Appendix A, Table 6, page 54
for polarization time.) The current can be monitored directly on the Apollo 1000. Once the
current stabilizes the user may then calibrate the electrode.

Initial Set-up

Plug the oxygen sensor into the input connector on the bottom of the required input
channel on the Apollo 1000. Using the screwdriver provided, set the poise voltage for
nitric oxide to +700mV by adjusting the Poise Adjust potentiometer screw on the front
panel of the Apollo 1000. Set appropriate gain; for the ISO-OXY-2, the 100 nA range is
appropriate.

NOTE: The polarity is reversed on the [SO-0XY-2 sensor so that the Apollo 1000 must be
set to +700mV even though the actual poise voltage is -700mV.

For accurate results the sensor probe must be calibrated at the same temperature
expected at the measurement site.

After initially connecting the oxygen sensor to the Apollo 1000 in ON position, the probe
current will be high. The current will decrease and settle to a stable value after a period

of time, typically two to four hours. See Appendix A, Table 6, page 54 for expected current
values.
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Yo

Fig. 15-Plastic
calibration bottle

Polarization

Select the correct poise voltage potential for oxygen applied to the electrode. After initially
connecting the oxygen sensor to the Apollo 1000 in ON position, the probe current will
be high — approximately 10,000pA. The current reading decreases and settles to a stable
value after a period of time, usually 6-8 hours. The ISO-OXY-2 should always remain
connected to the Apollo 1000. When the Apollo 1000 is turned off it no longer applies

a polarizing voltage to the electrode, so it may take several hours for the background
current of the electrode to become stable once the Apollo 1000 is switched back on
again.

Zero (oxygen) point calibration

nitrogen. With stirring, the complete saturation of water with nitrogen may
take more than ten minutes. Calibration in pure nitrogen gas is much faster

After polarization of the [SO-OXY-2 is complete, a calibration for zero percent
ﬁ oxygen may be carried out in pure nitrogen gas or in water saturated with

pure nitrogen gas source at a low pressure (less than 5PSI) and purge the bottle
continuously with nitrogen gas. Insert the ISO-OXY-2 @ into the bottle through

and generally considered more reliable. A plastic calibration bottle (Fig. 15) is
/@ supplied with the utility kit. Connect a plastic tube @ from the side tube to a

the top vent hole on the bottle cap ®. The current should be observed to drop
/® rapidly in a few seconds to a low stable value, typically less than 10nA. After

stable values are observed, the sensor can be calibrated by measuring at least
one more known concentration of oxygen.

Gas Phase Calibration

Probe calibration for gas phase measurements can be accomplished using the
calibration bottle, described above for zeroing the instrument with nitrogen, and
using a tank of known oxygen composition, for example 100% O..

Alternatively, air can be used as the calibration standard but since water
— vapor does affect the probe reading it is best to use dry air unless the ambient
humidity is accurately known. Dry air can be obtained by passing room air
through a column containing a solid drying agent such as silica gel or calcium chloride
and then into the calibration bottle for calibration. Ambient humidity may cause a
calibration error of as much as 1% O,.

The physical interpretation of the percent of oxygen is the percentage of atmospheric
pressure that the oxygen present exerts. For example, in a 100% oxygen environment a
reading of 100 means that the partial pressure of oxygen is Tatm (760mmHg). A reading
of 21 means that the partial pressure of oxygen is 0.21atm (160mmHg).

Fig. 16 shows a typical record of the calibration procedure. Before point 1 the record
displays the background current of the oxygen sensor in air. This current value may vary
from sensor to sensor. At point 1 the sensor is exposed to 0% oxygen. At point 2 the

background current is zeroed using the software. At point 3 and point 4 the sensor is
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exposed to air (21% oxygen) and 100% oxygen, correspondingly. By using the current
at 0% (0 nA) and 100% (236nA), a two-point calibration curve is built and the slope is
determined at 2.36nA/%. Alternatively, a three-point calibration can be implemented by
adding the information for the current of the sensor in air and by using linear regression
software. The dotted line represents a typical linear regression.
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Fig. 16—Typical record of calibration

Aqueous measurements

For aqueous calibration, fill the calibration bottle with distilled water to approximately two
thirds of its full volume. Immerse the probe tip into the water via the top hole. Aerate, for
a few minutes, by bubbling air through the side arm of the bottle at a low pressure using
a simple aquarium aeration pump. The scale reading should be allowed to settle to a
stable reading. Dissolved oxygen calibration is corrected for the effect of water vapor by
the following equations:

(1) pO, = 21% % (1 - pH,O) or

(2) pO, = 21% x (1 -p'H,0/760)
where pH,0Oand p'H,0 are the partial pressure of water vapor at standard atmospheric
pressure in atmospheres and in mm Hg, respectively.
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For example, the pH,O in water- saturated air at 24°C is 22 mm Hg (See Appendix A, Table
4). Therefore the pO, = 21% X (1 - 22/760) = 20.4%. Note that for purposes of oxygen
measurements liquid water is considered to be “water-saturated air”".

You may obtain zero % oxygen concentration by adding several mg Na,S,0, per 20mL of
solution. Alternatively, the solution may be bubbled with nitrogen gas for 15-20 minutes.

To determine the dissolved oxygen concentration in parts per million (ppm), see

Appendix A, Table 1, page 50. This table gives the solubility of oxygen in water at different
temperatures at an ambient pressure of 1 atm. If the solution temperature is 25°C, for
example, the oxygen concentration when the probe is in water is 8.4ppm. You do not
need to correct for the water-vapor effect for a ppm calibration since the values in Table 1
are obtained in “water-saturated air” at an atmospheric pressure of 760mmHg.

The unit ppm is equivalent to mg/L. This is illustrated as follows. The solubility of oxygen
in water at 0° according to the Merck index is 4.889mL per 100mL.

Using the ideal gas law we can calculate the number of moles of oxygen present in
100mL:

PV = nRT

n = P*V/R*T

n = (0.21)*(4.889x10-3) / (0.08206)*(273)

n = 45.8 x 10-6 moles

Where P is the partial pressure of oxygen, V is the volume of oxygen, n is the number of
moles of oxygen, R is the universal gas constant, and T is the absolute temperature. From
the number of moles of oxygen we can calculate the number of grams of oxygen:

45.8 x 10-6 mol * 32g/mol
146x10-3 g

Therefore there will be (1.46 x 10-3g /0.1L) 14.6mg of oxygen per liter. Since 1 L of water
has a mass of 1000 g, and there are 1 million mg in 1000g, the concentration in ppm
shall be:

(14.6 x 10-3g/L) / (1000g/L) = 14.6ppm
NOTE: This value corresponds to that given in Appendix A, Table 1, .

For accurate results the temperature of the water sample and the fluid being tested should
be identical, and they should be continuously stirred using a magnetic stirrer.

When measuring fluid samples for dissolved oxygen, periodically rinse the exterior of the
probe with distilled water, blot the membrane dry and recheck the electrode’s calibration
as described above.
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Creating a calibration curve

To create a calibration plot, the user measures the current (nA) of the sensor at various
concentrations of oxygen. The calibration is usually either a two-point or three-point
calibration, and typically includes measurements at 0% oxygen, air (21% oxygen) or
100% oxygen. Regardless of which calibration points are chosen, the corresponding
correction for water vapor in case of aqueous measurements should be applied. (See
Appendix A, Table 4.)

Calibration method for O, measurements in living tissue
or blood

The Apollo 1000 and ISO-OXY-2 probe may be used in applications involving O,
measurements in vitro or in vivo in living tissue or fluids such as blood. You may still use
the calibration procedure in this manual for these measurements since a membrane-
covered amperometric oxygen electrode will always measure oxygen activity, not
concentration. Although it is normal to think in terms of dissolved oxygen concentration,
it is actually more appropriate to define oxygen in solution in terms of activity, since this

is the “effective concentration”. For example, in distilled water the activity coefficient, y,,
is close to unity; but in solutions with high salt concentration the activity coefficient is
different from unity and concentration and activity of dissolved oxygen are no longer
equal: the oxygen concentration falling with salt concentration increase, while activity
remains constant. For a membrane-covered oxygen electrode this is an important effect
since an oxygen detector only responds to the difference in activity across the membrane
rather than the concentration difference. So in samples containing an electrolyte, while
the oxygen concentration falls with increasing salt concentration the probe current
remains constant.

Thus, if it is necessary to have a measure of dissolved oxygen in terms of concentration,
then the calibration is somewhat more complicated since the relationship between
activity and concentration may change with the change of salt concentration in the
samples. The activity coefficient, a ratio of the activity to the concentration, generally
cannot be predicted and one must rely on empirical determinations since the
compositions of living fluids such as blood are extremely complicated. One may directly
use the fluid to be tested as a “solvent” to prepare a calibration standard. Alternatively,
one may use the Bunsen absorption coefficient («), to calculate oxygen concentration in
blood in terms of the results with the oxygen electrode. The equation is:

o

molar volume x K
where K is a conversion factor depending on the unit of pressure chosen (1 per atm), Pt
and PH,O are the total pressure of gas and the partial pressures of water respectively.

P, is the partial pressure of oxygen in blood obtained from the measurements with the
oxygen electrode. Bunsen coefficients for solubility of oxygen in plasma and blood can
be found in Appendix A, Table 5, page 53. However, it is very important to calibrate at the
same temperature as that of the measurement site.

x (Pt - PHZO) X PO2
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‘ Probe Structure and Assembly

Figure 17 shows the principal

components of an ISO-OXY-2. A
)/GD ‘/@ gas permeable membrane Dis

cemented to the tip of the outer

ﬂ;j ‘/@ stainless steel sleeve @. The interior

of the probe is a slender wand ®

containing the platinum cathode and
silver counter/reference electrode
inside the sleeve. The wand is
permanently mounted in the probe’s

plastic handle @. After electrolyte
has been deposited inside the sleeve,
the wand is slowly inserted into the
sleeve and secured by screwing the

VA F

Fig. 17-Basic probe
structure

sleeve cap ® clockwise into the probe handle. If the membrane on the stainless steel
sleeve becomes damaged, the entire sleeve must be replaced. Two spare sleeves are
provided with the ISO2 Kit. The exterior of the probe membrane sleeve can be sterilized
chemically using Cidex (WPI #7364-4). Additional spare sleeves are available from WPI
(WPI #5378 - package of four).

Changing the membrane sleeve

All membrane sleeves will eventually have to be replaced by the user. The replacement
procedure is simple and straightforward.

1. Unscrew the locking cap from the handle.

2. Hold the stainless steel sleeve and remove it with the locking cap from the internal
electrode, being careful not to bend the electrode assembly when doing so.

3. Rinse the internal electrode with distilled water (particularly the tip) and let it soak for
at least 15 minutes. Be careful not to let water get into the handle. Depending on the
range, the current on the Apollo 1000 should go offscale when the electrode is being
rinsed.

4. Gently dry the electrode with a soft tissue (Kimwipes). Be sure to dry thoroughly the
flat surface at the tip of the electrode. After drying the current should stabilize fairly
quickly to a low value (for example, 0 - 20pA). If this occurs, it is a good indicator that
the electrode is in good working order.

5. If the electrode is not clean, repeat steps 3 and 4.
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6. Remove the locking cap from the old used sleeve, and gently slide it onto the new
replacement sleeve.

7. Dip the internal electrode 1-2cm into the electrolyte , the current should go offscale
during this. Using the MicroFil™ non-metallic syringe needle (WPI #MF28G67-5) and
1ml plastic syringe (supplied) inject approximately 100uL of electrolyte directly into
the new sleeve. The MicroFil supplied should be less than the length of the sleeve, so
that it will not puncture the delicate membrane at the tip of the sleeve during injec-
tion. If the MicroFil is longer than the sleeve it can be cut to the correct length.

8. Slowly and smoothly insert the electrode into the sleeve, and screw the locking cap
into the handle. The electrode should be observed to press gently against the mem-
brane.

9. The current at this time will be high or offscale.
10. Suspend the tip of the new assembled probe in 0.1M PBS buffer solution.

11. After 10-15 minutes the current should no longer be offscale and will gradually
decrease with time. It may take several hours for the sensor current to reach a low
stable value, at which time it will be ready for use.

12. If the current observed, after a few minutes in the saline solution, increases dramati-
cally or is offscale, then the membrane integrity is not good and a new membrane
will have to be fitted.

13. When the ISO-OXY-2 is not being used it should be stored with the tip suspended in
distilled water. For long term storage, remove the membrane sleeve and rinse and
store the electrode dry. An old sleeve with the membrane removed can be used to
protect the delicate inner electrode.

Clean the Membrane

The membrane sleeve itself requires very little maintenance. The primary concern is to
avoid damaging the membrane and to keep it as clean as possible. After each use, the
membrane should be cleaned by suspending the tip in distilled water for 20-30 minutes
to dissolve salts and remove particles ,which may have accumulated on the membrane. If
the probe was used in a protein rich solution the tip should first be soaked in a protease
solution for several minutes to remove protein build-up, and then in distilled water.
Enzymatic detergent (for example, Enzol, WPI #7363-4) can also be used. The membrane
sleeves can also be sterilized chemically using an appropriate disinfectant (for example,
Cidex, WPI #7364). Accumulated organic matter can be removed by briefly immersing
the tip in a 0.1 M HCl or 0.1 M NaOH solution (at times both may be necessary) for

10 seconds. A good indication of a dirty membrane sleeve is a sluggish response or

an unusually low sensitivity. If these problems are not rectified by the above cleaning
procedures then the membrane sleeve should be replaced. The probe cannot be used in
organic solvents.
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Care of the Electrode

The reduction of oxygen and other trace impurities causes a decrease in the surface
activity of the working electrode. This phenomenon is referred to as “poisoning’, and over
time has the effect of gradually reducing the electrode’s capability to generate a sufficient
redox current. As such, it is recommended to use the following guidelines to maximize the
life of the electrode:

If the oxygen electrode is being used on a daily basis, it's recommended that the
instrument be left ON continuously with the electrode connected to maintain polarization.
However; if the electrode is not to be used for a period of more than 2-3 days, it's
recommended that the electrode be disconnected from the instrument, and stored with
the tip immersed in distilled water. This practice will reduce the possibility of a gradual
reduction of electrode surface activity (as discussed above) under long term polarization.
If the electrode will not be used for a long period of time (several months), refer to the
“Storage” section below.

Handling Precaution

When passing the O, probe through small holes, gaskets or O-rings, allow sufficient
clearance so that the probe tip is not damaged by abrasion. The probe tip should slide
through openings easily before sealing the probe shaft to assure an air-tight fit.

Storage

For long term storage (several months) unscrew and remove the sleeve from the probe
handle, rinse the electrode tip and the sleeve with distilled water. When both are dry,
replace sleeve to protect probe wand but do not screw the sleeve completely onto the
handle.
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SPECIFICATIONS

Temperature

Device: 100022 RTD
Amplifier: Linearized,
Range: +128 °C
Accuracy +0.05 °C
Analog output: 32°C=1V
Analog output max current: ~ +50mA
Digital resolution 0.0039 °C

Poise Voltage

Range: 2V
Digital resolution: 62.5uVv
Analog output: x2 Amplification

Analog output max current: ~ +/-15mA

Transimpedance Amplifier, Current

Bias current 250fA
Full Scale Ranges: *1pA, £100nA, £10nA, £5nA
Digital resolution: 31.25pA, 3.125pA, 312.5fA, 156.25fA
Offset adjustment: %10 nA poise and range dependent( see Offset section)
Filters:
Low pass Filters FO: 40 Hz 1st order, F1: 40 Hz 4th order, F2: 4 Hz 4th order, F3:
0.4Hz 4th order
Notch Filter: Twin “T” Active Notch Filter @ 0.2Hz
Analog output: 4V = Selected Range

Analog output max current: ~ Filters off: +5mA/-12mA, Any filter on: £50mA

Voltage Amplifier

Range: 2V

Input Impedance 1015Q

Digital resolution: 62.5uVv

Offset adjustment: +950mV

Filters: FO: 30kHz 1st order,- F1: 40 Hz 4th order,- F2: 4 Hz 4th order,
F3: 0.4 Hz 4th order

Analog output X 2 Amplification

Analog output max current:  Filters off: + 15mA, Any filter on: £ 50mA
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Power Supply

Internal Batteries: 10x 1.2V 1300mAh

Estimated Operating time: 120 Hours +

External AC Adapter: 12VAC@ 1 Amp

Max Charging Time: 234 minutes (controlled internally)

Digital Circuitry
128x64 Graphic LCD with Green LED Backlight
8-bit Microcontroller @ 4MHz

16-bit Analog to Digital converter
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APPENDIX A: REFERENCE TABLES
Table 1: Solubility of Oxygen in Fresh Water

OF oc ppm OF oc ppm

32 0 14.6 66 19 9.4

34 1 14.2 68 20 9.2

35 2 13.8 70 21 9.0 Table 1:

37 3 135 72 22 8.8 Solubility of oxygen
39 4 13.1 73 23 8.7 in parts per million
41 5 12.8 75 24 8.5 (ppm) in fresh

43 6 12,5 77 25 8.4 water at different
45 7 12.2 79 26 8.2 temperatures, in

46 8 11.9 81 27 8.1 equilibrium with

48 9 11.6 82 28 7.9 air at barometric
50 10 11.3 84 29 7.8 pressure of 760 mm
52 11 11.1 86 30 7.6 Hg (101.3 kPa)

54 12 10.8 88 31 7.5 and oxygen partial
55 13 10.6 90 32 7.4 pressure of 159 mm
57 14 10.4 91 33 73 Hg (21.1 kPa).

59 15 10.2 93 34 7.2

61 16 10.0 95 35 7.1

63 17 9.7 97 36 7.0

64 18 9.5 99 37 6.9

NOTE: In a 100% O, environment, these parts per million values can be multiplied by a
factor of 4.739 (based on the formula PV=nRT) when only the partial presence of O, is
changing.
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Table 2: Solubility of Oxygen in Seawater
°C 5 g/l 10 g/l 15 g/l 20 g/1

0 13.8 13.0 12.1 11.3
1 13.4 12.6 11.8 11.0
2 13.1 12.3 115 10.8
3 12.7 12.0 11.2 10.5
Table 2: 4 12.4 11.7 11.0 103
Solubility of oxygen 5 12.1 11.4 10.7 10.0
(milligrams/liter) 6 11.8 11.1 10.5 9.8
in seawater of 7 11.5 109 10.2 9.6
different salinities, 8 11.2 10.6 10.0 9.4
in equilibrium with 9 11.0 10.4 9.8 9.2
air at barometric 10 10.7 10.1 9.6 9.0
pressure of 760 mim 11 10.5 9.9 9.4 8.8
Hg (101.3 kPa) 12 10.3 9.7 9.2 8.6
. 13 10.1 9.5 9.0 8.5

and oxygen partial 14 9.9 93 8.8 83
pressure of 159 mm 15 9.7 9.1 8.6 8.1
Hg (21.2 kPa). 16 9.5 9.0 8.5 8.0
17 93 8.8 8.3 7.8

18 9.1 8.6 8.2 7.7

20 8.7 8.3 7.9 7.4

21 8.6 8.1 7.7 7.3

22 8.4 8.0 7.6 7.1

23 8.3 7.9 7.4 7.0

24 8.1 7.7 7.3 6.9

25 8.0 7.6 7.2 6.7

26 7.8 7.4 7.2 6.7

27 7.7 7.3 6.9 6.5

28 75 7.1 6.8 6.4

30 73 6.9 6.5 6.1
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Table 3:0xygen Solubility vs. Altitude

Altitude Pressure Solubility
(feet) (mm Hg) Correction
Factor
-540 775 1.02
Sea Level 760 1.00 Table 3:

500 746 0.98 Oxygen solubility
1000 732 0.96 Obtgjnedfrom
1500 720 0.95 Table 1 or Table 2
2000 707 093 should be corrected
2500 694 0.91 if baromgtrlc‘

3000 681 090 pressure is different
3500 668 0.88 than 760 mm Hg
4000 656 0.86 or at altitudes other

than sea level.

4500 644 0.85

5000 632 0.83

5500 621 0.82

6000 609 0.80
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Table 4: Saturated Water-Vapor vs. Partial Pressure in mm Hg

Temp. PvH20 Temp. PvH20

°C mm Hg °C mm Hg
0 5 20 18
2 5 22 20
4 6 24 22
6 7 26 25
8 8 28 28
10 9 30 32
12 11 32 36
14 12 34 40
16 14 36 45
18 16 38 50
40 55

Table 5: Bunsen Coefficients (c) for Solubility of Oxygen in Plasma and

Blood

Temp 0@ =————————— Blood Hb g/100 mL ————=——————
°C Plasma 5g 10g 15g 20g
15 0.0302 0.0310 0.0312 0.0316 0.0323
20 0.0277 0.0282 0.0284 0.0287 0.0293
25 0.0257 0.0261 0.0263 0.0265 0.0271
28 0.0246 0.0249 0.0251 0.0253 0.0259
30 0.0238 0.0241 0.0243 0.0245 0.0251
35 0.0220 0.0226 0.0227 0.0229 0.0234
37 0.0214 0.0220 0.0221 0.0223 0.0228
40 0.0208 0.0221 0.0212 0.0214 0.0219
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Table 6: Range of Standard Calibration Values for Various Probes |

Sensor Model Analyte Typical Quiescent Observed Nominal Typical
Species Baseline Current, Acceptable Sensitivity for Polarization Time
25°C Baselines New Sensor
ISO-NOP NO 1000-8000pA 1000-8000pA 2pA/nM 12 hours
ISO-NOPF-100  NO 500-4000pA 500-4000pA 10pA/nM >2 hours
ISO-NOPF-200
ISO-NOP007 NO 300-500pA 200-1500pA 1-4pA/nM >2 hours
ISO-NOP3005 NO 200-400pA 150-3500pA 1-4pA/nM >2 hours
ISO-NOP3020 NO 500-5000pA 2000-6000pA 1-4pA/nM >2 hours
ISO-NOP30L NO 600-1000pA 200-6500pA 1-4pA/nM >2 hours
ISO-NOP70L NO 4000-5000pA 2000-6000pA 1-4pA/nM >2 hours
ISO-NOPNM NO 200-300pA 200-1200pA
ISO-HPO-2 H,0, 800-900pA 20-1000pA 0.2pA/nM >2 hours
ISO-HPO-100 H,0, 400-500pA 150-1200pA 1pA/nM >1 hour
ISO-OXY-2 0, 15-40nA 15-40nA 0.3-0.6nA/%0, >1 hour
ISO-H2S-2 H,S 2500-50000pA 2500-50000pA  2pA/nM 12 hours
ISO-GLU Glucose 2-15nA 2-15nA 2nA/mM 12 hours
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APPENDIX B: STANDARD SOLUTIONS

This appendix describes how to make standard solutions used in procedures in this
manual.

Standard TmM H,0, Solution

Hydrogen peroxide solution is commercially available and is commonly sold with

a stabilizer compound in solution. Usually these solutions are within a known
concentration range (for example, 2-4% H,0,). There are many published procedures

for standardizing H,0, solutions, such as the titration method using potassium
permanganate. The H,0, sensor can detect low NM concentrations, so, WPI recommends
the following procedure.

1. Weigh 67.5mg Acetanilide (Sigma-Aldrich 397237) and dissolve it into 250 mL of
dH,0 in a volumetric flask.

2. Remove 1mL of this solution and put it in a clean container.
Add 231ulL of 2-4% H,0, (Sigma-Aldrich 323381) to the flask.

4. Then, use the removed 1mL of solution from step 2 to dilute the solution in the flask
to exactly 250mL again.

5. Store this standard solution in an amber bottle, if available, or alternatively, wrap
aluminum foil around the bottle to limit light intrusion. This solution should be
refrigerated.

200mL of 0.1M PBS Buffer Solution
Dissolve 1 Sigma tablet (Sigma-Aldrich P4417-100TAB) into 200 mL dHO.

100uM Standard SNAP Solution

SNAP is a green crystalline compound that is sold in 25mg, 50mg and 100mg vials (WPI
# SNAP25, SNAP50, SNAP100). Both the crystalline form and the liquid solution of SNAP
are photo-sensitive and tend to degrade over time. Wrap the vial of SNAP compound

in aluminum foil and store it in the freezer to slow its degradation. Similarly, store the
bottle of SNAP solution in an amber bottle or wrap it with aluminum foil and store it in
the refrigerator.

NOTE: The decomposition of SNAP at low temperature, in the dark and in the absence
of trace metal ions proceeds slowly because of the EDTA (a chelating reagent).
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WPI technicians recommend making fresh standard SNAP solution daily to ensure
accurate calibration of NO sensors.

To make a 100uM solution of SNAP:

1. Accurately weigh out 5.0mg EDTA (a preservative) and place it in a clean, dry bottle
that will hold at least 250mL.

2. Use a clean, dry 250mL volumetric flask to accurately measure 250mL of HPLC pure
water (HPLC grade, Sigma).

TIP: If your research demands an oxygen-free sample, you can de-oxygenate this
solution by purging it with pure nitrogen or argon gas for 15 minutes.

3. Pour the water into the bottle with EDTA. Replace the cap and shake it for a few sec-
onds to dissolve the EDTA. It dissolves rapidly.

4. Accurately weight out 5.6mg of crushed, crystalline SNAP.

TIP: Crush any clumps of SNAP powder with a clean instrument like a glass stirring
rod, a popsicle stick or a tooth pick. If you prefer, place the 5.6mg SNAP on a small
piece of filter paper, fold the paper in half and rub it gently between your fingers to
break up any clumps. Be careful not to spill any of the compound.

5. Add the 5.6mg SNAP to the EDTA solution. Verify that none of the green SNAP com-
pound is left on your filter paper or measuring tray. Replace the cap and shake it for
a few seconds until the green flecks dissolve into solution.

6. Store this standard solution in an amber bottle, if available, or alternatively, wrap alu-
minum foil around the bottle to limit light intrusion. This solution should be refriger-
ated.

The concentration of SNAP (f.w.= 220.3) in the stock solution is calculated as follows:

[C] = [A*W/(M-V)]1000
[C] = concentration of SNAP (uM)
A = purity of SNAP
M = formula weight of SNAP (220.3g/mol)
W = weight of SNAP (mg)
V = volume of the solution (L)

If SNAP purity is 98.5%, the concentration of standard SNAP stock solution describe
above is:

[C] = [0.985 x 5.6mg/(220.3g/mol x 0.25L)] x 1000 = 100.1 pM

NOTE: The purity of SNAP used is extremely important to ensure an accurate calibration.
We recommend the use of high grade SNAP with minimal purity of 98% or better.
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Fig. 18 — Setup
Wizard

APPENDIX C: USING APOLLO 1000 WITH DATA-
TRAX

Data-Trax is a full-featured data acquisition application. The basic functions of this
program are outlined below. However, the entire Data-Trax manual is available in the
program’s help. The following pages describe how to optimize Data-Trax routines and
functions for use with the Apollo 1000.

Install Data-Trax Software

® CAUTION: BEFORE attaching Lab-Trax hardware, you MUST install the Data-Trax
software.

To install Data-Trax software and drivers:

1. Insert the Data-Trax CD. It should begin automatically. If not, open Windows Explorer
and navigate to the CD. Double click on DataTrax2079.exe (or the latest version of
the file). The Setup Wizard displays (Fig. 18).

@ DataTrax2 2.0 Setup |Z]|_£'g|

Welcome to the DataTrax2 2.0
Setup Wizard

This wizard will guide you through the installation of
DataTraxz 2.0,

It is recommended that vou close all other applications
before starting Setup. This will make it possible to update
relevant swstem files without having to reboot your
cormpuker,

Click Mext ko continue.

[ Mext »p, [ Carnicel J

CAUTION: Do NOT connect the Data-Trax USB cable until all the files have been

® installed. If the unit was connected to the USB port during installation, the drivers
must be re-installed. For step by step instructions, see Reinstalling the Drivers
Manually, page 71.

TIP: For the latest version of the DataTrax software, visit www.wpiinc.com. Search for
the Apollo 1000, and click on the Manuals and Resources tab.
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2.

3. After reviewing the license agreement, click the I Agree button. The wizard will then

58

Click the Next button. Then, the License Agreement appears (Fig. 19).

% DataTrax2 2.0 Setup

License Agreement

Please review the license terms before instaling DataTraxz 2.0,

Press Page Down to see the rest of the agreement.

EMD-USER. LICEMSE AGREEMEMT FOR THIS SOFTWARE
Important - read carefully:

This End-User License Agreement {"EULA") is a legal agreement
between you (either an individual or a single entity) and the
mentioned author of this Software For the software product
identified abave, which includes computer software and rmay
include associated media, printed materials, and "online"

or electronic documentation ("SOFTWARE PRODUCT',

Ev installing, copving, or otherwise using the SOFTWARE PRODUCT,
vou agree ko be bound by the terms of this EULA, IF you do not

If wou accept the terms of the agreement, click I Agree to continue, You must accept the
agreement toinstall DakaTraxz 2.0,

[ <mack | Ingree@ [ concel |

ask for a choice of components to install (Fig. 20).

# DataTrax2 2.0 Setup

Chooze Components
Choose which features of DataTraxZ 2.0 vou want to install,

install, Click Mext o continue.

Select components ka install: 1 Description
Lab Experiments
Drivers

Space required; 37.0MB

Check the components vou want to install and uncheck the components you don't want ko

%)

< Back. ” Mext >““J] [ Cancel

Fig. 19 —License
Agreement

Fig. 20 —
Component Choice
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Fig. 21 — Install
location

Fig. 22 — Install
progress

Verify that all three components (Main Section, Lab Experiments, and Drivers) are
selected, and click the Next button. The wizard will ask where to install the program
files (Fig. 21).

% DataTrax2 2.0 Setup

Choosze Install Location
Choose the folder in which to install DataTraxz 2.0,

Setup will install DataTrax2 2.0 in the Following Folder, Toinstall in a different Folder, click.
Browse and select another folder. Click Install ko start the installation.

Diestination Folder

i Browse. .,

Space required: 37.0MB
Space available: 429.0GE

I < Back H Install\w [ Cancel ]

Accept the default location or click the Browse button and select the desired location.
Once the location is chosen, click the Install button. A window displays briefly show-
ing the progress of the installation (Fig. 22).

# DataTrax2 2.0 Setup

Installing
Please wait while DataTrax2 2.0 is being installed,

Extract: LabScribe.po,., 100%
[TITITITIT] |

Output Folder: C:\Program FileshWPIDataTrax2localeibr ~
Extract: LabScribe.mo... 100% =
Extract: LabScribe.po.., 100%

Output folder: Ci\Program FileshWPIDataTrax2localeide
Extract: LabScribe.ma... 100%

Extract: LabScribe.po.., 100%

Cutput Folder: Ci\Program FileshWPIDataTrax2localelen_US
Extract: LabScribe.mao... 100%

Extract: LabScribe.po.., 100%

Output Folder: Ci\Program FileshWPT\DataTrax2locale!fr
Extract: LabScribe.ma... 100%

Extract: LabScribe.po

&3]
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6. When finished, a completion message displays (Fig. 23). Click the Finish button.

® DataTrax? 2.0 Setup |Z]|E| El

Completing the DataTrax2 2.0 Setup
Wizard

DataTrax2 2.0 has been installed on vour computer.

Click Finish to close this wizard,

Fig. 23 — Install

Finish [} r completed

7. After the software and drivers are successfully installed, connect the LabTrax and

Apollo 1000.

+ Insert one end of the Lab-Trax USB cable to the USB port on a computer running
Windows XP or Vista and the other end into the USB port of the LabTrax data
acquisition system.

+  Connect the output ports of the Apollo 1000 to the input ports of the LabTrax.

+  Power on the Apollo 1000.

» If necessary, power on the LabTrax hardware. (The LabTrax 4_16 device is
automatically powered through the computer.)
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Fig. 24— Found
New Hardware
Wizard

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

‘windows will search for current and updated software by
looking on your computer, on the hardware installation CD, or on
the Windows Update Web site [with pour permizsion).

Bead our privacy policy

Can ‘Windows connect to Windows Update to search for
software?

() ¥es, this time only

() es, now and gvery time | connect a device

Click Mext to continue.

Mext » ]I Cancel

Fig. 25— Type of
install

Found New Har dware Wizard

Thiz wizard helps you install software for:

‘win2k,_»P:DDC EFA400%ID: 0x0E29, PID=0=3000

) If your hardware came with an installation CD
~4& or floppy disk. insert it now.

what do you want the wizard to do?

(@) Install the zoftware automatically (Fecommended)
() Install from a list or specific location [Advanced)

Click Mext to continue.

< Back et Cancel

1Ty
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8. After a few moments, the Found New Hardware Wizard appears (Fig. 24). Select the
No, not at this time radio button and click the Next button. The wizard asks how to
install the hardware (Fig. 25).
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9. Select the Install the software automatically (Recommended) radio button and click
the Next button. A Windows warning displays (Fig. 27).

NOTE: If the wizard displays a list and asks for a driver selection (Fig. 26), select the
Win2K_XP:DDCEFA400VID:0x0E29.PID-0x8000 driver and click the Next button.
Then the warning (Fig. 27) appeatrs.

Flease wnloct the Besl mateh los poan haidwas hiom (ke kel helow

E Wil P DOC ERAOAD DB 7S D=0

Decription Weruon i acheer

y POOC EFAOVID: (a0 2. PID=060000 = 0,310 Criitrbad
Wl P DOE EFALOWID EY, A0=000 SOCMEET D0

1] |

y This derves = sl shiplally sagramil Fig. 26— Select
Lo vy e s it gtk i
driver

cBock | Nets | camesl |

Hardware Installation

L} E The zoftware pou are installing for this hardware:
-
Wwin2k_xP:DDC EFA400VID: 0x0E29, PID=0=2000

has not paszed Windows Logo testing to verify its compatibility

with ‘Windows ¥P. [Tell me why this testing is important. ]

Continuing your installation of this software may impair
or destabilize the comrect operation of your system
either immediately or in the future. Microzoft strongly
recommends that you stop thiz installation now and

tact the h dor for sof that has Fig. 27— Warning

passed Windows Logo testing.

[ Continueoﬁ\ﬁ#’wa}l [ STOR Installation ]

10. Click the Continue Anyway button. When finished, a completion message displays
(Fig. 28).
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Fig. 28— Install
completed

Fig. 29— Mode
dialog box (left)
Fig. 30—Language
dialog box (right)

11. Click the Finish button.

Found Hew Har dwars Wizard

Complating the Found New
Harawara Wizard

1 e vz hisa hrashesd rubsleg lhe soltvaie fa

E ‘wind_PDOC EFADO CedIF 25, PID a0

Chck Firwihdo clote the wiend

Frigh,_|

Launch Data-Trax

1. After installing the program and the drivers, launch Data-Trax from the desktop icon.
The first time the Data-Trax program is launched, the Mode dialog box appears (Fig.
29). If it is not the first launch, go to step 4.

2. Under normal conditions, highlight Research and click the OK button. Then, the Lan-
guage dialog box appears (Fig. 30).

_ 5' Language 1‘
Set default mode: Can be changed under Preferences. Flease choose language:

|Teach|nﬂ ‘|

IFrench

German

Portugese Brazilian

English

English {U.5.)

Chinese

.<| ]

Cancel | oK I Cancel |

NOTE: The Teaching mode masks some of the more advanced functions for simplic-
ity, therefore, if the teaching mode is selected, some functionality is not readily avail-
able.
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3. Highlight System default or the language of your choice and click the OK button (Fig.
27).

4. An information box appears indicating the hardware that was found. For example, Fie. 31— LabTi
Fig. 31 shows a LabTrax 4_16, and Fig. 32 shows a WPI-118. The default Data-Trax 4'g1'6h da rax
main window appears (Fig. 33). fo_u e (gpv;/:f:)e was

Fig. 32— WPI-118

hardware was found

Datatrax? Information

i ) Hardware Found : LabTrax4_16:2004B02N016F2 \ i ) Hardware Found i IWi115:2005-1-103 (t.Op ”ght) .
Fig. 33— Main
Data-Trax window
(bottom)

3 Untitled - LabTrax4 16 - None - DataTrax2
File Edit Wiew Tools Settings Advanced Help

;!”i ﬂg Lr'ir"T" g ﬁ e @@ Default Yiew = SeqiOff =

Speed ;100 sfsec Display Time ; 10,000 sec Mark | 'i VI T2-T1 = 30,00 rnsec

Raw Ch 1 Record [ AukoScale |45} [ add Function | Y2-41 = 0,000 Yalk
v
5.000

0.000u

-5.000

Raw Ch 2 Record [_AutoScale ¥} [ add Function | Y2-41 = 0,000 Yalk
v
5.000

0.000u

-5.000

Raw Ch 3 Recard [ AutoScale  |¥=) [ add Function | Y2-41 = 0,000 Yalk
v
5.000

0.000u

-5.000

Raw Ch 4 Record [_AutoScale ¥} [ add Function | Y2-41 = 0.000 Yalk
v
5.000

0.000u

-5.000

E 0,00 msec 2,000 sec 4,000 sec 6,000 sec 3,000 sec
| Tmeotris v < 188 paus Display

Created Dummy Hardware:LabTraxd 16 [ ]

64 WORLD PRECISION INSTRUMENTS



APOLLO 1000

Fig. 34 — Found
Hardware dialog
box

NOTE: if no hardware is connected
to the computer when Data-Trax is
launced, the Find Hardware dialog
box (Fig. 34) appears when Data-Trax
is launched. Select the appropriate
hardware device and click the OK
button. (For the TBR-4100, select
LabTrax4_16.)
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Find Har dware Dialog m

Mo Hardware Detected
IMake sure that vour Acquisition Hardware is connected and turned on.
or choose one of the following devices:

|WPL 115

|

LabTrax4_24! l
LabTraxg_24T!
LabTrax16_24T

Apolla 4100
Multiple Devices
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Configuring Data-Trax for the Apollo 1000

The Data-Trax main window may be used with its default settings to record information,
but because Data-Trax is a general-purpose data acquisition software, it may be desirable
to optimize the settings for use with the Apollo 1000. WPI recommends the following
configuration changes to optimize Data-Trax for the Apollo 1000.

1. To change the basic default settings, open the Preferences Dialog window (Fig. 36)
by selecting the Edit menu and choosing Preferences (Fig. 35).

Preferences Dialog gj ndn
-.C.hannel.]-.'ih\n'_i?y_\fs | .Sequenc_e_s_:;_-Options- I évents
et Acquisition Made Shatt Shop = | o Cut
|v| [User v IUser | Spesd [10 Vi!_sﬂp_le_s,l'Sec v | | B3 copy ChrHC
' A B

Display Tine | 60.000000 | sec

Title... ModefFunction ¥ Mas ¥ Min add Function Units — Calar,., E

[+] a1 Rawch 1 Record 5.000000 || 5000000 | addfunction | Units | [ Fig. 35 — Edit

[vla2 |RawCh2 [ Record || 5.000000 || -5.00000C _[ add Function | [ Urits | [ menu (above)

[v] &3 i_Raw ch3 Record | 5.000000 || -5.00000C [ addFunction  J[ Urits | [ Fig. 36 —

| [v] a4 !Raw Ch4 1] Record i 5.000000 || -5.00000C .. add function . Lnits . ] Preferences Dlalog

(L | Qj WindOVV, Channel
Tab (left)

[ QK ] [ Cancel ]

From the Preferences Dialog window, the following options may be modified to suit

the research need:

*  Number of channels (up to four)

«  Sampling rate

+  Width of the Data-Trax display window — This defines the increment of time
displayed in a single frame.

*  Height of the Data-Trax display window — This defines the range of the voltage
display in the Data-Trax window. The voltage range for any channel may be
conveniently scaled automatically by clicking on the Autoscale button located on
the header bar of the appropriate channel.

*  Channel name (optional)

NOTE: At any time, you may select the default settings by choosing the Settings
menu and selecting Default. This will configure the system to display the maximum
number of channels available and sets the default values for the data window width
and height.
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2. Select the Channel tab at the top of the Preferences Dialog window. This tab allows
for configuration of all channels (Fig. 36).

3. Use the two Speed drop down boxes to select the number of samples (first drop
down box) per unit of time (second drop down box). See Fig. 37. The sampling rate
should be chosen to record fast enough to create a minimum of two to three points
of data for the fastest signal expected when recording. For use with the Apollo 1000,
WPI recommends setting the speed between 10 and 20 samples per second.

Preferences Dialog

Channel | views Sequences | Options | Events
Acquisition Mode Start Stop
|Chart v| |User v| |User v| Speed |10 “\I:} |Sam|3|es.l’Sec v|
: 1 S
Display|2 oooo | ser
. 5 —
Fig. 37— Select
Title. .. ModefFunction YMax 2 add Function un
number of samples | ||l et e——— L .
bse fd d ple [vla1 | Rawchi [ Record ]/'0.001z00 || {50 add Function [
from P eed arop #laz |Rawchz Record =.000000 || 4 123 add Function Ur
down lists [V]lasz | Rawch3 Record 5,000000 || {500 add Function LUr
e 1000
[V]a4 | Rawchd Record 5.000000 || 42000 add Function Ur
e e —————— e

4. Set the Display Time to 60.0 seconds (Fig. 38). The elapsed sampling time dlsplays at
the bottom of the default Data-Trax main window. This value determines the amount
of time viewable in a single data frame, or the “width” of the display window.

Preferences Dialog

Channel | views || Sequences- I Opti0n§ 1l Events
Acquisition Mode Start Skop
1 |
|Chart v| 'User ¥| |User vi Speed 10 V| | Samples/Sec v|
Fig. 38 — Enter the =
. . Display Time f.0.000000} sec
display time |
) Title. .. ModefFunction Y Max Y¥Mn o function
[“]al | Rawch1 I[ Record | n.o0tz00 || o 00120[|W[:
MElas [RTACA Ir r—— 1 e mmmmnn - Anmane — e

5. The voltage values shown in the Y Max and Y Min columns are used to enter user-
defined upper and lower vertical limits for the display of each channel. This range
can be adjusted while recording, but it is generally set to a large value +5V and -5V
until a prescaling factor or a calibration has occurred. This value determines the
range of voltages viewable in a single data frame, or the “height” of the display win-
dow.

6. When all settings have been entered, click the OK button.
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Prescaling a channel for the Apollo 1000

Prescaling narrows the parameters so that signal responses are more immediately visible
on screen when they occur, but this does not account for variations of individual sensors.
As described here, prescaling cannot be used to calibrate a sensor. Any type of input can be
prescaled.

NOTE: Data-Trax opens with the last used configuration settings. Before beginning a
prescale, it is advisable to reset the display to the default settings. To do so, select Default
from the Settings menu. To set the prescaling values for a channel:

1. Open the Preferences Dialog window to change setting by selecting the Edit menu
and choosing Preferences.

Preferences Dialog gj
-t.ﬁel.]-.'ih\f_iﬂ\fs I .Sequenc_e_s_:;_-Options- i évents
et Acquisition Mode Start Skop =
N v (5o v [ v Seeed [10 (v [sampesisec v
Display Time 60_-0_0_0_030_] seC
Title... ModefFunction ¥ Max Y Min add Function Units ~ Calar,.,
[#]at | Rawchi Record 5.000000 || -5,00000C [ addfunction | Units | [
[Flaz | Rawch2 Record 5.000000 || -5.00000¢ |[[_addfunction | [ Units_| [
[v]a3 | Rawch3 Record 5.000000 || -5.00000C || addfunction | [~ Units | [
[“]a4 |Rawch4 ] Record | 5.000000 || -5.00000¢ | [_add Funetion Units_|
Fig. 39—
o [ e | Preferences Dialog
window, Channel
2. Select the Channel tab from the Preferences Dialog window (Fig. 39). A list of Tab (left)

Fig. 40 — Simple

channels displays in the bottom half of the window. A1 represents channel one, A2 " !
Units Conversion

represents channel 2, etc. A check in the checkbox next to a channel indicated that it

is selected to receive data input. Each field on the table is configurable. dialog box:
temperature
3. For prescaling, click the Units button (on the conversion (lower
right) for the desired channel. The Simple right)

!2 point calibration |

Units Conversion dialog box appeatrs (Fig.
40). Use the two-point calibration and verify
that the Apply units to all blocks check box
is selected.

Value at Cursor 11| 0.03125 | == [1.0 |
NOTE: This Simple Units Conversion dialog | ...t cursorz: | 0.625 |=> [0 |
box will also appear when you right click on )
a channel in the main display window, select Unit Hame = |

Units and then choose Simple. This is espe-

A . Warning!!! Mo blacks selected. Units will apply to All Blacks
cially helpful after a recording has begun.

[ wnisoff | [ caneel | [ ok |
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Fig. 41 — Simple
Units Conversion
dialog box: 5nA
conversion example

5.

Enter the appropriate values, as shown in the table below. Notice that various voltage
ranges are shown, as well as a temperature range that is used for temperature prescaling.

NOTE: For calibration of a temperature probe, use the two-point entry on two known
temperatures (ice-water, etc.). See Channel Calibration (simple two point), below.

Scale Value at Cursor 1 Value at Cursor 2 Unit Name
5nA 1.00(V) = 0.00pA 4.00V = 5,000pA pPA
1.00V = 1250pA
10nA 0.00(V) = 0.00pA 4.00V = 10,000pA pPA
1.00 V = 2,500pA
100nA 0.00(V) = 0.00pA 4.00V = 100,000pA PA
1.00V = 25,000pA
TpA 0.00(V) = 0.00pA 4.00V = 1,000,000pA pPA
1.00V = 250,000pA (100nA)
Temperature | 0.03125 = 1°C 0.625V = 20°C °C

Click OK to close the Simple Units Conversion dialog box.

6. Click OK to close the Preferences Dialog window.

Channel Calibration (simple two point)

To perform a simple two-point calibration:

1.

Pre-record two sets of data in the desired channel, one data set at the zero reference

point and the other at a known value.

Press the double cursor icon [ in the tool bar near the top of the screen. This

places two blue vertical lines on the main Data-Trax window.

Position the computer’s arrow cursor over the first blue line, hold down the left
mouse button and drag the left blue vertical line to the zero point location of the data

displayed.

In the same way, drag the right cursor to
the known calibration point.

Next, open the Simple Units Conver-

sion dialog box (Fig. 41) by positioning

the mouse over the recorded data of the
channel and right clicking. Select Units and
choose Simple.
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Simple Units

!2 point calibration |

Yalue at Cursor 1: | 0.000000 =3 |0,000000

yalue at Cursor 2¢ | 1.000000 | =3 |1250

Unit Name = |pA

Warning!!! Mo blocks selected. Units will apply to All Blocks

[ Units OFf ] [ Cancel ] [ oK
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6. Select 2 point calibration from the drop down list, and enter the calibration values
determined in steps 3 and 4 into the Value at Cursor 1 and Value at Cursor 2 text
boxes. Enter the units of measure in the Unit Name field. Then, click the OK button.
The next recording will be displayed in the units of measure selected.

NOTE: This calibration applies to only one channel at a time. To remove a calibration and
return to the volts display, open the Simple Units Conversion dialog box (Fig. 41) for the
channel and click the Units Off button.

TIP: To display a running meter beside the main Data-Trax display window (Fig. 42),
select the View menu and choose Voltmeter.

: Untitled - LabTrax4_16 - None - Datalrax2 |;I@| E'
File Edit BUEEN Tools Settings Advanced Help
[E v ToolBar Z i ; Default View = Sequff =
| v StatusBar e — ]
Speed @ 10/ Ao Dsec  Mark '| | T2-T1 =50.00 msec
¥ Rawch &} (add Function Y21 =0.000%alE  options =
I e |
0.000u] T Raw Ch 1 (Volt)
-5,000| == . . !
B Main Window
W RawCh ! 1) [add Function Y2-¥1 = 0,000 Vol 0.000
5.000| 5 AT
0 5o fig Raw Ch 2 (Volt)
=5.000] |
| ke FFT (Spec 0.000
V Rawch T € (addfunction W¥2-y1 = 0.000 Yolt
5.000 = Journal ' Raw Ch 3 (Volt)
0.000u Marks »
-5.000] : 0.000
v Rawch Reset Channel Size ]Q VoL = 0,000 Wolt
5,000 Display » | Raw Ch 4 (Volt)
o I
0.000u . -
i 0.000 Fig. 42
Main Data-
—E‘ 0.00 msec 2,000 sec 4,000 sec 6,000 sec 5.000 sec Trax window
| TmeofFie v < |3 e o, | With voltmeter
[ ]

70

WORLD PRECISION INSTRUMENTS



APOLLO 1000

Fig. 43 —
Preferences dialog
box, Options tab

Plotting a calibration line

The Data-Trax software incorporates a multipoint calibration function which can be used to
plot a line using values from measured samples so that values for unknown samples can be

extrapolated.

NOTE: If Research was chosen as the operating mode during the installation process,
then full access to all the functions was enabled. If Teaching mode was chosen, some
options are masked, including the Multipoint feature. In Teaching mode, the Multipoint
feature must first be enabled before performing a multipoint calibration. To enable a
masked feature, open the Preferences Dialog window (Edit>Preferences) and select
the Options tab (Fig. 43). From the Main Window Functions list on the right, highlight
Multipoint Calibration and any other features to be enabled, and click the OK button.

Preferences Dialog

| channel | views | Sequences | Options | Events |

Display YIE)

| Raw Data Channel Bar Color
Computed Channel Bar Color
Stinulatar Sutput Channel Bar Color
Digital Input: Channel Bar Color
Murnber of Grid Divisions { %-axis ) ﬁa_ |
Mumber of Grid Divisions { Y-axis ) | 10 I

| Grid Color
Graph Background Color
Graph Line Width | 1 |

Black Separatar Width | 3
Mark Line Color
Mark Line Width | 1

Mainbindow Functions

Functions in the Channel Menu

Spirometr -~ |
[ rultiPoink Calibration |
| Channel Math |
| Filker

| Smioathing

| dutoCorrelation

| Power

| Cardiac

|EEG

| Gain Telegraph |
| DigitalInput

| CrossTimeChannelCalculation

| TemplateMatch |
|P¥Loop |
| Timeshift Channel =

[rata

Diata display precision |_3

Data Separator | Spaces |

Maximurn display points | 100a00

|A

|
»

[ K ] [ Cancel ]

The Multipoint Calibration function uses linear regression techniques on measured values
to generate a “least squares fit” calibration line. This calibrated graph can then be referred
to for extrapolating the values of unknown samples.
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1. Record data for known samples (Fig. 44). The example used a ISO-NOPF200 probe,
and the recording shows the results of nitrous oxide (NO) measurements when 2, 4,
8, 16 and 32pL injections of 100pM SNAP are introduced into 20mL of 0.1M Cudl,
solution. The voltage quickly increases with each addition of SNAP. Then, the value
steadily decreases due to the quick oxidation of NO. After each injection, the graph
shows a small upward peak. This is a normal artifact generated mechanically by the
response of adding SNAP to the solution.

:Hi:"l"i'."ﬂﬂ Labirand 186 Mone Ralalrax?

Fie B Vew Took Setings Advanced Help
[0 [ ] (5] @u@ﬁ@ Ol Yo 0 Sos i
Speeed & L0 sfeec  Displey Time @ 1000000 Mavk - % T2-TI = 3:00000 Feeoed
VW Baw Ch I Record () (Rutascale 1) Ladd hurction V2N = SIS o
1,808
| “N‘\H
2T - I s
T h""‘--‘
,_I. : e | "'-4-____.' i
Pl e e T el T
E #5426, 700 4738700 453700 B1:34.700 3;18.700
TenslfFie W & &
| |

2. (Click the Add Function button that is located above the channel to be calibrated, and
choose Multipoint Calibration (Fig. 45). The Multipoint Units Conversion dialog box
appears (Fig. 46). The data points of interest include the “zero” point and the peaks
after each injection of SNAP.

Lonvart W2yl W bebvesh corsors i 50.ME00I0 L] [

_Corent Veloe  [ioreted Yolu 2

W odara

Lid = A e

Louaton

R Wiaha

| R |
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Fig. 44 — Raw data
for ISO-NOPF200
(top)

Fig. 45 — Add
Function menu
(below)

Fig. 46 — Multipoint
Units Conversion
dialog box (left

J_]._|'|_ @@ Default View =

Mark | ™ | B
add Funcr o
Periodic 4
—————  Integral L4
| Derivative
addfunc  Spirametry 4

MulkiPoint Calibration
| Channel Math
Filk
add Func Ler .
| Smoothing
AutoCorrelation

Power

Cardiac 3
EEG 3
Gain Telegraph

DigitalInput 3
CrossTimeChannelZalculation
TemplateMatch

PYLoop 4
Timeshift Channel

add Funci
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Fig. 47 —
Multipoint Units
Conversion dialog
box, with graph

Select the V2-V1 option from the drop down list located immediately to the right of
the Convert button. Use V2-V1 because it measures a change in current from one
injection to the next.

Drag the left, vertical blue “cursor” line to the lowest point on the graph before the
injection. Then, drag the right “cursor” to the highest point after the injection.

Calculate the final concentration of SNAP in the solution after the aliquot is injected.
TIP: For a comprehensive discussion of the molarity calculations, see page 24.

In the second text box, enter the calculated concentration on NO resulting from the
injection.
In the third text box, enter the unit of measure (in this case nM).

Press the Convert button. A value appears on the table found in the bottom left cor-
ner of the dialog box.

Repeat steps 4-8 for each calibration point. In the example, for the 2pL injection, the
points of measure are just before the mechanical injection of the 2pL and the peak of
the 2pL aliquot. This is repeated for 4, 8, 16 and 32pL injections.

Multipoint Units Conversion Dialog

Current ¥alue

|alihrated ¥alu

1 3583005

2 |102.271729
3 [255,988525
4 [523,239502
5 [1050.221924

6, 000000

12,000000
24000000
47500000
95, 700000

[ Fit ot iy =m*x+ c jeq. | todata
EEquation: v = 0.059188x + 1.626917
R VYalue = 0.999742
»
¢ | 3 ~  Sum of Squared Errors = 2,735748
Export ] [ Cancel ] [ (0] 4
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10. After all the values have been entered, click the Fit button to generate the linear re-
gression equation and its R value. The calculated conversion graph then appears on
the right side of the dialog box, and the equation and R value are printed below it. The
closer the R value is to one, the greater the accuracy of the calibration (Fig. 47).

11. If desired, export the equation to a text file by pressing the Export key (Fig. 47).

12. The final calibration results appear at the bottom of the recording on the Data-Trax
main page as a comparison channel (Fig. 48).

13. When finished, click the OK button.

ﬂHm-r?m: Labirand 186 Mone Ralalrax?
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¥ Compich i e Cal Rew ch 1) @ umcaie S Caddhunsien ) ¥2NE = 10,570 nH
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e
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Filter/Smoothing Data

Figure 48 shows the raw data recording of NO on the Apollo 1000 in channel 1 and the

calibrated comparison beneath it.

1. To filter the data and display
it in a separate channel
directly below the raw data,
click the Add Function but-
ton on the channel to be
filtered and select Filter (Fig.
49). The Filter Setup dialog
box appears (Fig. 50).

If desired, the graph can be filtered or smoothed.

Filtar Sotup Dialog E|

Filier Type | | Hamening Windowd def mll] Lews Cundf 10 :
Pt Order { odd iumbsw) | 100 - rgh Cutof? | 0.1 -
.illlllill RS e
] t ] 5
Freauercy
Frovperaes i Cokar ane perisnd vl e mowdile ane Dikcked
o ..h}l Cancel
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Fig. 48 — Raw
Data in channel 1,
Calibrated data in
comparison channel
(top left)

Fig. 49 — Add
Function menu
(below)

Fig. 50 —Filter
Setup dialog box
(bottom (left)

Ladd functic Periodic 3
Integral L
Dietivative
Spiramektry L

fultiPoint Calibration
Channel Math
sl

| Srmoothing

Scde |G| AutoCorrelation |

Power

Cardiac b

EEG 3

Gain Telegraph |

Digitallnpuk L

CrossTimeChannelCalculation
=S TemplateMatch |
. ShAP P¥Loop 3
0o Timeshift Channel
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Fig. 51 — Raw Data

in channel 1, filtered
data in first comparison
channel (Comp Ch

1), smoothed data in
second comparison
channel (Comp Ch 2)
(top)

Fig. 52 — Add Function
menu (below)

Fig. 53 — Smoothing

dialog box (bottom)
Cadd P Periodic v
Inkegral 3
— Derivative
Spirometry 3

MultiPaint Calibration
hannel Math
Filter

J&
AutoCorrela

Power

Cardiac 3
EEG 3
Gain Telegraph

— 17 Digitallnput 3
CrossTimeChannelCaloulation

4 TemplateMatch

PYLoop 3
TimeShift Channel

2. Select the appropriate filter from the Filter Type drop down list. WPI routinely uses

the Hamming Window filter.

3. Enter the appropriate values. WPI recommends a Filter Order of 100, Low Cutoff of
0 and a High Cuttoff of 0.1.

E NOPF200 - LabTrax4 16 - None - Datalrax?

File Edit View Tools 3Settings Advanced Help
) 1 ]
Y=Y )
Speed : 10 sfsec  Display Time : 10:0,000  Mark 'L w | T2-T1=30.000
¥ RawCh 1 Record @ (CAutoScale )¢S} [add Function | Y21 = 405,250 pd
3,606k
"\,‘_\\
.
2.779K % P
MM\»M ey
e = ]
D e M =
LgEgg e e
W Comp Ch1 Fiker(Raw Ch 1) @l_ AutosScals Q [_add Function | WZ-¥1 = 415,217 p&
3.659K e
= e
1.677K
-335.353
W Comp Ch 2 Smoothingl Comp Ch 1) @ AutoScale Q [_add Funiction Y2-W1 = 419,695 pa
3.435K 2
I e
2.713K = o
T T |
C— HH""-m____
= 4 R iR T
= - —
1.991K
2uL SMAP 4ul Sul 16l 32uL
45:258.700 47:28.700 49:258.700 51:28.700 53:28.700
| TimeOFFile v | € || Pauise Display

4. Click the OK button. A new comparison channel displays at the bottom of the main

5. If desired, additional smoothing can also be added to the filtered data. Click the

Data-Trax window. When applied to the raw data in Figure 48, a typical Hamming
filter generates a less noisy output trace similar to the raw data in channel (Fig. 51).

Add Function button of the desired channel and select Smoothing (Fig. 52). The
Smoothing dialog box appears (Fig. 53). WPI often adds a moving average that is
60 points on each side, by selecting Mov-
ing Average from the Smoothing Type drop
down list and entering 60 in the Points on
each side text field. Click the OK button
when finished.

Smoothing Dialog

Smoothing Type iMo\u’ing Average b |

Polynomial Qrder

) e IS
Points on each side | | =2

Cancel
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TIP: To change the parameters of a function, click on the name of the configured channel
(highlighted region of Fig. 54) to display the popup menu and select Setup Function. The
function dialog box appears with the previous settings. Edit the settings, as desired, and click
the OK button. The changes will display in the channel on the main Data-Trax window.

1.677K
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Fig. 54 — Edit the
function settings of a
previously modified
channel
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Fig. 55 — Windows
Start Menu (top)
Fig. 56 — Control
Panel (bottom)

Installing the drivers manually

If the Lab-Trax unit is inadvertently connected to your computer’s USB port before
installing the Data-Trax software, the Windows hardware installation wizard will
automatically try to install the drivers. If the install disk is not in the CD-ROM drive, the
drivers are unavailable to the hardware wizard. This creates a hardware interface problem
which can only be corrected by manually installing the driver. The following procedure
may be used to correct the problem.

Usually, disconnecting the Lab-Trax from its USB port and connecting it to a different USB
port will bring up the dialog boxes to re-install the drivers. Select “Yes” to continue and
complete the driver installation starting with step 7 below. If that is unsuccessful, install
the drivers manually. To install the drivers manually:

1. Open the Device Manager. In Windows XP, click Start>Settings>Control Panel (Fig.
55). The Control Panel window appeatrs (Fig. 56).

B Control Panel

© File Edit Wew Favorites Tools Help

o B &d .? '/._." Search | Folders = 1 x g '

| Address

[} Contral Panel V| Go

¢ = D w B » B B 2 =

Accessibiity  Add Hardware Add or Administrative Adobe Gamma Adobe Version Adobe Version — Automatic  Date and Time Display

Ophions Remay. .. Toals Cue C52 Cue C53 Updates
& i - - ™
= - % = 1% |
o @ & ] = &= Y &) s |
Folder Options Fonks Game Internet Java Kevboard Mail Mouse Metwork Phone and
Controllers Options Connections  Modem ...
k: : T A =
% L B a e 3 9 e 9 w
= O ¥ : =/ 4
Power Options  Printers and Program QuickTime — Regionaland Scanners and — Scheduled Security Sounds and Speech
Faxes Updates Language ... Cameras Tasks Center Audio Devices
2 8 & o
e

Taskbar and  User Accounts  Windows ‘Wireless
Start Meriu Firewall  Metwork Sek...
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2.

System Properties

System Restare

Autornatic Updates
General |

Femate
Computer Name

Hardware “b Advariced

System;
Microsoft Windows 3P
Professional
Wergion 2002
Service Pack 2

' 2
HH’

T ee—

Registered to:
wpi
Wwhorld Precision |nstuments
7E487-0EM-0011903-00102

Computer:
IntellR)
Pentium(R) D CPU 3.00GHz
2.93 GHz, 2.00 GE of RaM
Phyzical Address Extension

[ Ok ][ Cancel ]

Double click on the System icon. The System Propetrties dialog box appears (Fig. 57).

System Properties

_S_ystem Festore
General

Automatic Updates
Hardware |

Remote

Computer Name | _. Advanced

%

Dirivers

B,

Device Manager

Hardware Profiles

The Device Manager lists all the hardware devices installed
on your computer. Usze the Device Manager to change the

properties of any device.
Device Manager I

Diriver Signing lete you make sure that ingtalled drivers are
cormpatible with ‘Windows. Windows Update lets you set up
haw Windows connects to Windows Update for drivers.

J

[ Drirver Signing windows pdate

Hardware profiles provide a way for you to set up and store
different hardware configurations.

Hardware Profiles

[ Ok ][ Cancel ]

3. Choose the Hardware tab (Fig. 58).

4. (lick the Device Manager button. The Device Manager window appears (Fig. 59).

E_ Device Manager

File Action ‘ew Help

Fig. 57 — System
Properties, General

=101 x] tab (top left)

Fig. 58 — System

co B EFS R AR

Properties, Hardware

mm FrULESSUrs
@), Sound, video and game controllers
System devices

EI% Universal Serial Bus controllers

Intel(R) 82801FB/FBM LJSE Universal Host Controller - 2658
Intel{R) 52801FE/FEM USE Universal Host Controller - 2659
Intel{R) §2801FE{FEM USE Universal Host Controller - 2654
Intel{R) 82801FB/FBM LUSE Universal Host Controller - 2656
Intel{R) 52801FE/FEM USEZ Enhanced Host Controller - 2652
Logitech USE Camera {Motebooks Deluxe)

tab (top right)
Fig. 59 — Device
Manager (bottom)

Ll

USE Rook Hub
USE Rook Hub
USE Rook Hub
USE Rook Hub
Update Driver...
Launches the Hardware Update Wizard F stz
Uninstall

Scan for hardware changes

Properties
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Fig. 60 — Hardware
Update Wizard

Fig. 61 — Install
options

Click on the [+] icon next to Universal Serial Bus Controllers to display the list of USB
devices.

Right-click the item with a yellow flag (EFA400) and select Update Driver. (If you
double click the item, the Properties dialog box displays, and you can choose the
Drivers tab. Click the Update Driver button.) The Hardware Update Wizard appears
(Fig. 60).

Har bwiro Lipdate Wirard

Welcome lo the Hardware Updale
Wizard

‘wliraowns wlll search: bor cument ared updsted polheane by
loeliewy o o compiier, on e hardkees imptslation D, o ony
e wiraires Ligwlaie \Wish Sim (vl W pemmisen]

B D0 BETACY EORCY

Can "Windossy cormect bo wWindowy Updsle o paarch for
buye?

(73 ek thit tivee: il
{0 ek, rrer el sty e | Coneect i devoe

Chck. Mesd fo contire

Mestihe | | Cancal |

NOTE: If the hardware does not appear in the table, select Action and Scan for hard-
ware changes. If it still does not appeatr, select another USB port.

Select No not this time radio button for the Internet driver search, then press the
Next button. The wizard then offers installation options (Fig. 61).

Har bwiro Lipdate Wirard

Thin wazerd bedpy youa inatall sofivans lor

Gerene LISH Hul

=) pow hadwan camo mith an malsBatmn CO
e o Nogpy disk. mnaan A now.

it o i e the wazaed ln da?

Iralall lhe slbware aulomalvally [Hecommened]

(% st hrom o st o spmcific hocstion [dvanced

Chck. Mesd fo contire

i ¢ Back " Hgd-hyjl Cancal |
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8.

10. Follow the instructions on the Setup Wizard to complete the installation.

80

Select the Install from a list or specific location radio button, and click the Next but-
ton. Then, then wizard asks where to search for the install files (Fig. 62).

Hardware Update Wizard
Please choose your search and installation options. .

(®) Search for the best driver in these locations.

Uge the check boxes below to limit or expand the default search, which includes local
pathz and removable media. The best driver found will be installed.

Search removable media [floppy. CO-ROM. )

Inziude thiz location in the search:
;r.E:\F'rogram Files\WPl\DataT rax2idrivers - | Browse

() Dor't search. | will chooze the driver ta install.

Chooze thiz option to select the device driver from a list, Windows does not guarantee that
the driver you chooge will be the best match for wour hardware.

[ < Back ][ Next)x@[ Cancel ]

Verify that the install disk is in the CD drive. Select the Search for the best driver in
these locations radio button, and choose the Search removable media checkbox

and click the Next button.

NOTE: If the drivers were copied from the CD during the installation of the software,
they can be found on your computer [root]:\Program Files\WPI\DataTrax2\drivers.

Select the Browse button to navigate to that location.

Fig. 62 — Search
locations
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WORLD PRECISION INSTRUMENTS, INC.
175 Sarasota Center Boulevard
Sarasota, FL 34240-9258 USA

Telephone: (941) 371-1003 Fax: (941) 377-5428
e-mail wpi@wpiinc.com

DECLARATION OF CONFORMITY

We: World Precision Instruments, Inc.
175 Sarasota Center Boulevard
Sarasota FL 34240-9258
USA

as the manufacturer of the apparatus listed, declare under sole responsibility that the
product:

Title: APOLLO 1000 Free Radical Analyzer

to which this declaration relates is in conformity with the following standards or other
normative documents:
Safety: ENG1010-1:2001
EMC: EN61326:1998, +Al, +AZ, +A3
EN355011 Class A Group 1
EN61000-4-2 through EN61000-4-6 inclusive
EN61000-4-8
EN61000-4-11
EN61000-3-2
EN61000-3-3
and therefore conforms with the protection requirements of Council Directive

2004/108/EC relating to electromagnetic compatibility and Council Directive 73/23/EEC

relating to safety requirements.

Issued on: November 21, 2006

B A @&7

MF/Ciff Bred{:nbe'rg % - Glen Carlquist
General Manager Vice President of Manufacturing
World Precision Instruments, Inc. World is struments, Inc.
175 Sarasota Center Boulevard 175 Sarasota Center Boulevard
Sarasota, FL 34240-9258 USA Sarasota, FL 34240-9258 USA
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WARRANTY

WPI (World Precision Instruments, Inc.) warrants to the original purchaser that this equipment, including its
components and parts, shall be free from defects in material and workmanship for a period of one year*
from the date of receipt. WPI's obligation under this warranty shall be limited to repair or replacement, at
WPI's option, of the equipment or defective components or parts upon receipt thereof f.0.b. WPI, Sarasota,
Florida U.S.A. Return of a repaired instrument shall be f.0.b. Sarasota.

The above warranty is contingent upon normal usage and does not cover products which have been
modified without WPI's approval or which have been subjected to unusual physical or electrical stress or on
which the original identification marks have been removed or altered. The above warranty will not apply if
adjustment, repair or parts replacement is required because of accident, neglect, misuse, failure of electric
power, air conditioning, humidity control, or causes other than normal and ordinary usage.

To the extent that any of its equipment is furnished by a manufacturer other than WPI, the foregoing
warranty shall be applicable only to the extent of the warranty furnished by such other manufacturer. This
warranty will not apply to appearance terms, such as knobs, handles, dials or the like.

WPI makes no warranty of any kind, express or implied or statutory, including without limitation any
warranties of merchantability and/or fitness for a particular purpose. WPI shall not be liable for any
damages, whether direct, indirect, special or consequential arising from a failure of this product to operate
in the manner desired by the user. WPI shall not be liable for any damage to data or property that may be
caused directly or indirectly by use of this product.

Claims and Returns

« Inspect all shipments upon receipt. Missing cartons or obvious damage to cartons should be noted on

the delivery receipt before signing. Concealed loss or damage should be reported at once to the carrier

and an inspection requested. All claims for shortage or damage must be made within 10 days after receipt
of shipment. Claims for lost shipments must be made within 30 days of invoice or other notification of
shipment. Please save damaged or pilfered cartons until claim settles. In some instances, photographic
documentation may be required. Some items are time sensitive; WPI assumes no extended warranty or any
liability for use beyond the date specified on the container.

» WPI cannot be held responsible for items damaged in shipment en route to us. Please enclose
merchandise in its original shipping container to avoid damage from handling. We recommend that you
insure merchandise when shipping. The customer is responsible for paying shipping expenses including
adequate insurance on all items returned.

« Do not return any goods to WPI without obtaining prior approval and instructions (RMA#) from our
returns department. Goods returned unauthorized or by collect freight may be refused. The RMA# must be
clearly displayed on the outside of the box, or the package will not be accepted. Please contact the RMA
department for a request form.

» Goods returned for repair must be reasonably clean and free of hazardous materials.

« A handling fee is charged for goods returned for exchange or credit. This fee may add up to 25% of the

sale price depending on the condition of the item. Goods ordered in error are also subject to the handling Electrodes, batteries

fee and other consumable
’ parts are warranted

« Equipment which was built as a special order cannot be returned. for 30 days only from

« Always refer to the RMA# when contacting WPI to obtain a status of your returned item. the date on which the

« For any other issues regarding a claim or return, please contact the RMA department ;‘e’;ﬁmer receives these

Warning: This equipment is not designed or intended for use on humans.

World Precision Instruments, Inc.
International Trade Center, 175 Sarasota Center Blvd., Sarasota FL 34240-9258
Tel: 941-371-1003 - Fax: 941-377-5428 « E-mail: sales@wpiinc.com

UK: Astonbury Farm Business Centre « Aston, Stevenage, Hertfordshire SG2 7EG « Tel: 01438-880025 « Fax: 01438-880026 « E-mail: wpiuk@wpi-europe.com
Germany: Zossener Str. 55, 10961 Berlin « Tel: 030-6188845 + Fax: 030-6188670 + E-mail: wpide@wpi-europe.com



