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Unpacking, Positioning and Ingtallation

e Inspect the instrument for any signs of damage caused in transit. If any
damage is discovered, inform your supplier immediately.

e Ensure your proposed installation site conforms to the environmental
conditions for safe operation:

Indoor use only

Temperature 10°C to 40°C

Maximum relative humidity of 80 % up to 31°C decreasing linearly to 50 %
at 40°C

e Theinstrument must be placed on a hard flat surface, for example a laboratory
bench or table, which can take its weight (13 kg) such that air is allowed to
circulate freely around the instrument.

e Ensurethat the cooling fan inlets and outlets are not obstructed; position at
least 2 inches from the wall.

e Thisequipment must be connected to the power supply with the power cord
supplied and must be earthed (grounded). It can be used on 90 - 240V
supplies.

e  Switch on theinstrument and check that the display works (see Operation). It
can be configured to have the display and print outsin English (0), German
(1), French (2), Spanish (3), Italian (4) or Russian (5) by pressing the number
in brackets as the instrument powers up (default is English).

e Theinstrument is delivered with a stored basdine. Thisisrequired to correct
for the wavelength/energy profile of the light sources. A new baseline should
be stored when alamp is changed or if the instrument is not used for along
time (severa weeks); refer to Maintenance for details.

e Toenter laboratory name, operator name, instrument asset number, current
date/time and to configure for a particular type of printer, refer to Instrument
Utilities.

Thisisa*“pressto read” instrument, whereas other deuterium / tungsten lamp
Instruments measure continuoudy. The lamps will switch off from stand by
mode automatically if the instrument is not used for 15 minutes; the message
“Turning lamp on...” will appear for a few seconds when the instrument isre-
used.

If this equipment is used in a manner not specified or in environmental conditions
not appropriate for safe operation, the protection provided by the equipment may be
Impaired and instrument warranty withdrawn.
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Essential Safety Notes

There are a number of warning labels and symbols on your instrument. These are

there to inform you where potential danger exists or particular caution is required.

Before commencing installation, please take time to familiarise yoursalf with these
symbols and their meaning.

Caution (refer to accompanying documents).
Background colour is yellow, symbol and outline are black.

UV RADIATION UV RADIATION IS HARMFUL TO YOUR EYES
HOT If power is restored with this cover removed,
eye protection must be worn

Accessories

e Care should be taken when handling all heated accessories.

e Ensurethat the cell compartment lid is closed when operating cell changers
and the sipper.

e Itisessentia that the baseplate plug supplied with single cell accessoriesis
fitted to optimise air flow and to prevent light ingress.
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OPERATION
I ntroduction

Your UV/Visble spectrophotometer is a stand alone, ssimple-to-use instrument with
a high-resolution liquid crystal display (LCD), and a comprehensive range of
spectrophotometry measurements can be undertaken. It fulfils the requirements of
the Pharmacopoeia (Appendix).

It works on the basis of light from the deuterium and tungsten lamps being directed
by a fixed mirror through the monochromator inlet slit. This passes through one of
several (dependent on wave ength selected) filters mounted on afilter quadrant; the
filtered light isthen directed onto the holographic grating that produces light of the
selected wavelength. The light then |eaves the monochromator via the exit dlit, and
mirrors focus and direct the light into the sample compartment. This passes
through your cell, containing the sample of interest, and then a defocusing lensto a
solid state detector unit. Theresulting signal is then filtered and displayed.

Y our spectrophotometer:

e Measures standard absorbance, concentration and % transmission.

e HasApplication Modes for
- Wavescan (Wavelength Scanning)

EnzymeKinetics

Multiple Wavelength (Equation Entry)

Standard Curve

Substrate Concentration

e (Can dtore up to 50 user-defined methods

e Can download results directly viathe serial interface for manipulation in Excel
and for data storage and archiving

e HasGLP sdf diagnostics

A range of accessories further enhances the capability of the instrument.
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Keypad and display

Navigation around the displays, presented in an index card format, and the options
thereinisby usingthe ¢ » =« ¥ keys, pressenter or ¥ to select an option.
Number, letter and base entry will become active when appropriate.

e press mode to select measurement mode or to recall set-up pages, enabling
selection of post run routines, after obtaining results

e pressfunction to access instrument utilities

e pressset ref to set reference at all wavelengths in the mode sdlected; thisis
subtracted from all subsequent samplesin the experiment

e pressprint to output graphics and resultsto aparalle printer or PC; thisis
automatic if Auto-print is selected (see Instrument Utilities)

e pressenter to seect an option on the display

e pressC toclear anumeric entry. If in Multi-Wave ength mode, C enables set
reference in order to restart another experiment

e pressrun to start measurements when operating from within the measurement
modes; this may set reference automatically in “non-Basic” modes. Sample
number (and cell position) is automatically incremented.

e pressstop to end current activity; use as an “escape mechanism” to stop
making measurements or to return to main menu

|ssue 02 - 12/2003 Libra S32, English 5



There are two standard formats of display, depending on the measurement mode;

a) Basic (Absorbance, %Transmission, Concentration) has a simple layout, with
information presented in a box on the LCD.

2 Concentration

Im this rode concentration varies linearly with the
abs=orbance reading,

The =zcale factor may be entered as a number or
computed by measuring a known standard,

Factor: 10
Wavelength Concentration Sample
| 495 | 8.03 | 3
mafml
Press <rurd on S ample |&pl12:26] can 3 |aa5 |v|vis

b) Other measurement modes have a graphical layout with information about the
Instrument also being provided along a status bar which shows messages,
whether a printer is connected or not, time, accessory fitted (cell number for
multi-cell holder) and wavelength. There are also messages that tell the user
what needs to be done to perform a routine, and the status of the instrument
during thisroutine; for example set-ref, setting-ref, load sample, running
sample.

@ Wavescan [ 457.0rm= 0.241a SamplelT

0.3

0.2
0.1

0.0
400 420 440 “460 450 300 520 540 560 580

Prezs <rore an Sample |§|12:28| Cell 5 |4DD |LI‘\u"|Vis
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Basic Modes

In the basic modesiit is possible to change cell position by pressing the required
number on the keypad.

Absorbance

Absorbance mode measures the amount of light that has passed through a sample

relative to ablank (this can beair). The procedureisasfollows:

e Enter appropriate wavelength and press enter

e Enter appropriate sample number and press enter

e Insetreference and press set ref. The cell changer, if fitted, automatically
moves to position 2 and displays the result for the reference measurement

(0.000)

e Thisisa“presstoread” instrument, whereas other deuterium / tungsten
lamp instruments measure continuously. Thus to monitor sample
stabilisation, the ssmple kinetics mode must be used

e Thisreference valueisused for subsequent samples until changed

e Insert samplesasrequired and pressrun (repeat as necessary)
e Togo back and change the wavelength press mode

% Transmisson

Transmission mode measures the amount of light that has passed through a sample
relative to ablank (this can be air), but displays the result as a percentage. The
relationship between the concentration of the sample and its transmittance at any
given wavelength is not linear, and hence transmission modeisrarely used
experimentally except for samples having very high absorbances (low
transmittances). The procedureis asfollows:
e Enter appropriate wavelength and press enter
e Enter appropriate sample number and press enter
e Insetreference and press set ref. The cell changer, if fitted, automatically
moves to position 2 and displays the result for the reference measurement
(100%)
e Thisreference valueisused for subsequent samples until changed
e Insert samplesasrequired and pressrun (repeat as necessary)
e Togo back and change the wavelength press mode
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Concentration
There are two concentration modes, Factor and Standard.

Factor Concentration mode is used when a conversion factor isknown; thisis
required to convert the absorbance measurement for a sample at a specific
wave ength to a concentration, by a ssmple multiplication of absorbance * factor.

Standard Concentration mode is used when a sample of known concentration is
available; by measuring the absorbance of this at a specific waveength, the
conversion factor is calculated (see above), and this can be applied to other samples
of unknown concentration. Thisis equivalent to a one point calibration, and
assumes that sample of zero concentration has zero absorbance.

The procedureis as follows:
e Enter appropriate wavelength and press enter
e Enter appropriate sample number and press enter
e Sdect mode, Factor or Standard using
o If Factor
e  Concentration of unknown = Absorbance * factor
Enter factor, range 0.01 — 99999
Select unitsusing
Select unitsusing
Insert reference and press set ref.
Insert samples as required and press run (repeat as necessary)
e If Standard

° Concentration of unknown = Absorbance of unknown * Concentration of standard
Absorbance of standard

Enter concentration of standard

Select unitsusing

Sdlect unitsusing

Insert reference and press set ref.

Insert standard and press run (cal cul ates factor)

Insert samples as required and press run (repeat as necessary)
e Concentration of sample relative to standard is displayed
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M ethods

Recall

To recall astored method from memory

1. Select whether it isbetween 1-10, 11-20, etc by using

2. Select the method number

The appropriate mode is obtained; |oad reference and samples, and press run

Clear

To clear a stored method from memory

1. PressC

2. Select whether it is between 1-10, 11-20, etc by using *
3. Select the method number

4. Confirmyes (enter) or no(* enter »)

Save

Stored methods, up to a maximum of 50, are saved directly from within an

application by selecting the save option. To save a method in memory

1. Select whether isto be between 1-10, 11-20, etc

2. Enter the method number

3. Enter thetitle (refer to Instrument Utilities); press » to get the an
alphanumeric keypad or enter directly from the keypad

Print
Press print to obtain alist of all method names and numbers.
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W avescan

A graph of change of absorbance against wavelength is known as an absorption
spectrum and is one of the most useful physical characteristics of a compound, both
as means of identification (qualitative analysis) and of estimation (quantitative
analysis). It arises because of the various e ectronic transitions that are possible
within a molecule, and the peaks are broad (in solution). A derivative of a
spectrum can provide additional information; the 1% order derivative enables
identification of multiple peaks that are close together, 2™ order enables
identification of peak shoulders (inflections) and 4™ order identifies both multiple
peaks and inflections at the same time. The procedure is as follows:

Set up

Select Absorbance or Transmission mode

Enter start wavelength (range 190-1090nm)

Enter end wave ength (range 200-1100nm)

Select scan speed as appropriate; sow , medium or fast, using *

Sdect datainterval, 2.0, 1.0, 0.5, 0.2 or 0.1 nm, using *

e Nomina scan speeds are shown in the table below

Sdlect if areference scan isrequired using * ; if yes, the reference scan will act
as atemporary basdine

Save method if required using *

Insert reference and samples, and pressrun

Datainterval, nm 2.0 1.0 0.5 0.2 0.1
Fast, nm/min 7300 4600 2600 1100 600
Medium, nm/min 4600 2600 1400 600 300
Slow, nm/min 3300 1800 1000 400 200

e A smaller datainterval givesimproved peak resolution

e  The minimum and maximum wavelength scanning ranges for 0.2 and 0.1 nm
dataintervals are 10 — 500 nm and 10 — 250 nm, respectively; full scanning
range at these data intervals requires the use of Acquire software.
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Graph

Use this facility to scale data post run for presentation on the display and print out.
e Enter the start wavelength

Enter the finish wavelength

Enter if auto-scaling of the albsorbance axisis required using *

Enter absorbance maximum

Enter absorbance minimum

To zoom, move the cursor to the peak of interest using ¢ » and press <
repeatedly. Toreturn, press ¥ .

Overlay

Use this facility to select derivatives and to overlay them with the spectrum, smooth

or enhance spectral data and to convert Absto % T. The overlaid data can be

optimised on the LCD for examination and printing purposes by using scale and

offset to affect the selected datatype. Note that different individual scans cannot be

overlaid.

e Select datatype as appropriate; off, 1% or 2™ or 4™ derivative, smooth, enhance
% transmission , using * (not 2 nm data interval)

e Enter afactor to multiply the selected data type by, for clarity

e Enter an offset to move the selected data type from the graph abscissa if
required

Peak Table

Use thisfacility to list the peak absorbance and wavelength values for the whole
spectrum. The agorithm is designed to identify narrow peaks; the absorbance
maxima of broad peaks having a natural bandwidths of 15 nm or greater are subject
to some uncertainty and areindicated by brackets. In thiscase, use ¢ * to move
the cursor for visual identification. Results cannot be edited.

e Sdectif Peak Tableisrequired using * (not 2 nm datainterval)
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M ultiwave

The measurement of Absorbance values at specific wavel engths and combining
these with appropriate factorsis a means of overcoming interference effectsin
several applications.

Abs Ratio

Thisfacility enables the determination of Abs A1/ AbsA2 and Abs A1*factor
e Enter thefirst wavelength

e Enter the second wavelength

e Sdect if background correction (for both wavel engths) is required using *
e If yes, enter the wavelength

Enter the factor to be applied to the first wavelength

Select unitsusing

Select unitsusing

Save method if required using *

Insert reference and samples, and pressrun

Abs Diff

Thisfacility enables the determination of the following equations:

1. [(AbsAl—AbsA2)* Factor 1], for bichromatic measurements, and

2. [(AbsAl—AbsAB) * Factor 1] —[(AbsA2 — AbsAB) * Factor 2],
compensating for background absorbance. The use of factors here enables two
component mixturesto be studied.

If factors are not required, use 1.0.

e Enter thefirst wavelength

e Enter the second wavelength

e Sdect if background correction (for both wavel engths) is required using *

e If yes, enter the wavelength

Enter the factor to be applied to the first wavelength

Enter the factor to be applied to the second wavel ength

Sdlect unitsusing

Sdlect unitsusing

Save method if required using *

Insert reference and samples, and pressrun
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3 point net

Thisfacility enables the determination of true peak height for turbid samples that
have a sloping baseline, for example the determination of bilirubin in amnioctic
fluid.

Enter the first wavelength; thisis wavelength on the “UV” side of the peak
Enter the second wavelength; thisis the wavelength of the peak, and will have
avalue greater than the first wavelength

Enter the third wavelength; thisisthe wavelength on the “visible’ side of the
peak

Enter the factor to be applied to the peak height after accounting for the
sloping basdline, if required

Select unitsusing

Select unitsusing

Save method if required using *

Insert reference and samples, and pressrun
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MultiWave

Thisfacility enables the entry of equations so that post measurement cal culations
can be done automatically and the end result displayed. Thisisa very useful for the
busy industrial, QC or environmental testing laboratory as the method can be saved.
Up to 9 absorbances / transmittances at different wavel engths can be measured and
9 factors applied to them; an overall dilution factor can be applied to the completed
equation. Before entry, write the equation out in front of you; aworked exampleis
shown in the Appendix.

Set up

e Sdect Absorbance or Transmission mode

Enter the wavelength

Enter the first wavelength

Enter subsequent wave engths

Enter the integration timeusing

e Default is0.1 second, other optionsare 1, 2 and 5 seconds. Use long
Integration times for very low and very high absorbance readings.

Factors
e Enter the overadl dilution factor, C
e Enter thefirst factor
e Maximum of 2 decimal places
e Press C on the keypad to enter a negative factor
e Enter subsequent factors

Equation 1, 2and 3

Enter the equation(s) to be applied to the sample measurement. If only one

equation isrequired, enter it and then go to equation 3 in order to saveit asa

method.

Enter the equation name/ description using the alphanumeric keypad

e Enter theequation itsef using ¢

e  Define the written down equation one parameter at atime, using * to
select open and close bracket, Abs A, A value of factor; mathematical
operators (+, -, *, /) are available after the first entry. Notethat A1
represents Abs A 1.

e Theeqguation isdisplayed asit is entered; use C to remove an incorrect
parameter entry.

Sdlect unitsusing

Sdlect unitsusing

Enable equation if required using *

Save method if required using * (this facility isin Equation 3 only)

14 Libra S32, English |ssue 02 - 12/2003



Insert reference and samples, and pressrun
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Kinetics

A graph of change of absorbance with time is known as a kinetics assay, and gives
information about the rate at which areaction proceeds; further information is
given in the Appendix. Note that this mode should be used to check sample
stabilisation since this instrument does not have a continuous output source.

Set up

e Enter the wavel ength

e Enter the factor required to convert the slope to a meaningful unit
e Sdect unitsusing *

e Sdect if Automatic set reference at time zerois required using *
Timing

e Sdect if seriadl mode or paralle modeisrequired using
e Useparald modeto measure several assays at the sametime. If parallel:
e Enter the number of samples, maximum is 8 (or 7 if active reference
is selected)
e Sdectif activereferenceisrequired using
e Useif reference changes with time and needs to be subtracted
e  Sdect time units, seconds or minutes, using
e Enter the delay time over which no measurement should be taken (range O-
1000)
e Enter the length of reaction
e Notethat if using clinical test kits, set the reaction time equal to thetime
interval below
e Enter thetimeinterval between measurements. The maximum number of data
pointsis 600. A minimum timeinterval of 8 secondsisrequired in parallel
mode.
e Savemethod if required using *
e If Serial mode:
e Insetreferenceif required and pressrun, then insert sample and press
run
e |If parallel mode:
e Insert active reference and samples as appropriate and pressrun
e Time and absorbance are updated at every time interval, and the dope
(AA/minute) isshown in real time. At the end of the assay, the result
(dope * factor) isdisplayed on the basis of the last 5 data points. The
dopeis calculated over the stegpest part of the curve, and can be
edited post run.
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Graph
Thisfacility enables scaling of the results, and defines how they are to be presented
on the LCD and print out.

Enter the maximum absorbance to be shown on the display during the assay
Enter the minimum absorbance to be shown on the display during the assay
Select if automatic scaling of the results to fit the display isrequired post run
Select if the actual absorbance time data should be printed with the results
Select if data points should be indicated on each assay

Select if the graph should be printed with the results

Select if the graphs should be printed overlaid (parallel mode only)

Post Run

Thisfacility enables an assay to be selected (in serial or parallel mode) and the
slope to be optimised by redefining the start and end points for the slope.

Enter the sample number for optimisation

Enter the start point for the dope

Enter the end point for the dope

Select if these points should be defined automatically

e If no, the slopeis calculated on the basis of the start / end points entered
above

e Resultsshown are Initial Abs, Final Abs, Slope, Slope * Factor (result),
Linearity
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Standard Curve

The construction of amulti point calibration curve from standards of known
concentration in order to quantify unknown samplesis a fundamental use of a
spectrophotometer. Examplesinclude protein determination using the methods
determined previously and the analysis of waste water for metal complexes, salts
and disinfectants. Alternatively, a known factor can be applied to measured sample
absorbance val ues.

A choice of 3 curvefit methodsis provided for the standards:

Linear regression — the best straight line through the data points using a least
squaresfit (requires a minimum of 3 data points); linearity (quality of line fit)
Is calculated (see Appendix)

Linear interpolation —joins up consecutive data points by a series of straight
lines

Spline — calculates and fits the best curved line through the data points using a
natura cubic spline fitting method (requires a minimum of 4 data points)

Set up

Enter the wavelength

Select the curve type from linear regression, linear interpolation, spline or
factor using *

e If factor is selected, enter the factor

Enter the number of standards, maximum is9

Enter the number of replicates for each standard, maximum is 3

Enter the number of replicates for the samples, maximum is 3

Sdlect unitsusing

Concs

Enter the concentrations of the standards in increasing order

Enter the integration timeusing

e Default is0.1 second, other optionsare 1, 2, and 5 seconds. Use long
Integration times for very low and very high absorbance readings.

Save method parameters if required using *

e Tosavethe actual standard curve plot of concentration — absorbance data,
return to this mode by pressing mode after running the set of standards,
and then save the method parameters and data together.

18
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Running Standards

e Insert reference and standards, and pressrun

e A referenceisawaysrequiredin position 1, and is assumed to be zero
absorbance and zero concentration

e Toinclude a zero concentration standard, include thisin the number of
standards to be entered and enter 0.00 for concentration; use another blank
when required to enter standard 1

e Standards should be loaded in order of increasing concentration

¢ Replicates and means are shown on the display as unfilled and filled
squares, respectively

Running Samples
e When theinstrument has standards on the display, it expects samplesto be run
e Pressrun after the standards have been run or a method has been recalled
e If loading new standards, insert reference and standards and select yes
e If loading samples, insert reference and samples and select no
e Samples haveto be run separately and individually
e If asample absorbance is within 10% of the ends of the calibration curve, the
curve will be extrapolated linearly from the end points to accommodate this; if
thisisdone, it isindicated o the display and on the print out

Graph

Thisfacility enables scaling of the results, and defines how they are to be presented
on the LCD and print out.

e Enter the maximum absorbance to be shown on the display

e Enter the minimum absorbance to be shown on the display

e Sdlect if automatic scaling of the results to fit the display isrequired post run

Standards

Thisfacility enables the concentrations and absorbances of the standards to be
viewed, together with mean absorbance with standard error % (SE) if replicated
were used. If linear regression curve fit has been selected, the dope, intercept and
linearity of the regression are shown.
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Subdtrate

Reagent test kits are routinely used for the enzymatic determination of compounds
in food, beverage and clinical |aboratories; an example is measurement of NAD /
NADH conversion at 340 nm. The change in absorbance over a specified time
period can be used to provide useful information when an appropriate factor is
applied; the start and end times as well asthe factor are defined in the reagent kit
protocol. The curvefit usually used islinear regression.

Note that reaction rate and enzyme activity can be calculated if the factor used takes
account of the absorbance difference per unit time, as opposed to the absorbance
difference per se.

If afactor needs to be applied to a change in absorbance with time, use the kinetics
application.

Set up

e Enter the wavel ength

e Sdect the curvetype from linear regression, linear interpolation, spline using
4

e Enter the number of standards, maximum is9

e Enter the number of replicates for each standard, maximum is 3
e Enter the number of replicates for the samples, maximum is 3

e Sdect unitsusing *

Timing

e  Sdect time units, seconds or minutes, using

e Enter the delay time over which no measurement should be taken (range O-
1000)

e Enter the length of reaction

Concs

e Enter the concentrations of the standards in increasing order
e Enter theintegration timeusing *
e Default is0.1 second, other optionsare 1, 2, and 5 seconds. Use long
Integration times for very low and very high absorbance readings.
e Save method parametersif required using *
e Tosavethe actual data, return to this mode by pressing mode after
running the set of standards, and then save the method parameters and
data together.
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Running Standards

e Insert reference and standards, and pressrun

e A referenceisawaysrequiredin position 1, and is assumed to be zero
absorbance and zero concentration

e Toinclude a zero concentration standard, include thisin the number of
standards to be entered and enter 0.00 for concentration; use another blank
when required to enter standard 1

e Standards should be loaded in order of increasing concentration

¢ Replicates and means are shown on the display as unfilled and filled
squares, respectively

Running Samples
e When theinstrument has standards on the display, it expects samplesto be run
e Pressrun after the standards have been run or a method has been recalled
e If loading new standards, insert reference and standards and select yes
e If loading samples, insert reference and samples and select no
e Samples haveto be run separately and individually
e If asample absorbance is within 10% of the ends of the calibration curve, the
curve will be extrapolated linearly from the end points to accommodate this; if
thisisdone, it isindicated o the display and on the print out

Graph

Thisfacility enables scaling of the results, and defines how they are to be presented
on the LCD and print out.

e Enter the maximum absorbance to be shown on the display

e Enter the minimum absorbance to be shown on the display

e Sdlect if automatic scaling of the results to fit the display isrequired post run

Standards

Thisfacility enables the concentrations and absorbances of the standards to be
viewed, together with mean absorbance with standard error % (SE) if replicated
were used. If linear regression curve fit has been selected, the dope, intercept and
linearity of the regression are shown.
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| nstrument Utilities

Accessory

Thisidentifies the type of cell holder / cell changer that has been fitted

e A multi-position cell changer can be made to act asasingle cell holder if
required

Refer to Accessories section for further information

Printer

Select the generic printer driver type required; choice is Setko DPU-414, Epson
P40, Epson FX-80+ / Epson 9 pin, Epson 24 pin (ESC P), Epson InkJet (ESC
P2 raster), PCL HP DeskJet / HP LaserJet, PCL HP DeskJet / HP LaserJet (A4),
Text printer (no graphics)

e Pressprint in thismode to set to top of page

Refer to “Output to Printer” for further information

Display

Select the contrast required using
e Usethe high contrast option to make the background white

GLP

Thisfacility isonly available if the GLP option in Set up has been enabled; for
further information on GLP, refer to the Appendix.

The GLP Calibration Results are displayed for reference

Entry of alphanumeric charactersfor print outs and method names

Remove default characters (highlighted), if necessary, using 4

Press appropriate key on keypad to cycle through options of lower case |etter,
numbers and upper case letters (for example pressing key 2 cycles through
abc2ABC). Notethat a spaceis entered using key 1, which cycles between
11)

Press another key to move to next letter. To enter adoubled letter (eg AA) or
number (eg 00), press print and then the appropriate key again.

Delete incorrect charactersusing C

Complete entry by pressing stop

Alternatively, pressing * gives an alphanumeric display that can be navigated
using ¢ » « v sdect lettersusing enter and complete entry by pressing stop.
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Set up

User
Thisfacility enables user parameters for the instrument to be configured.
e Enter operator name as described previoudy
e Enter |aboratory name as described previoudy
e Enter instrument asset number or preferred description as described previoudy
e Sdectif soundisrequired for keypad presses, spper use and timeintervals
during kinetics reactions
e Sdect if the GLP enabled option isrequired. If selected:
e Pressing enter after calibration confirms that the instrument statusis
acceptable
e A header with information to conform with GLP if printed out (note that if
GLPisoff, instrument calibration routines are not affected)
e Underlying readings and results are printed out every timerun is pressed
e Select between output to printer only, output to computer only, output to printer
and computer using ” .
e Sdlect if automatic print out of parameters and graph (if in agraphics mode) is
required after the run process is compl eted
e Ensure Auto Print ison for output to computer, otherwise press the print
key. Refer to the “Automatic Output to Computer” section.

Baseline
Thisfacility enables the instrument baseline to be set up
e Sdlect View, New, Saveor Restore using ?

e View isthe default mode required to see current information
e Use New to create atemporary baseline
e Use Saveto make atemporary baseline permanent
e User Restoreto revert to the saved basdline if atemporary basdlineis
Created
Clock

Thisfacility enables the real time clock and date to be set
e Enter thefacility by pressing ¥, and put in appropriate values as required

Service
Thisfacility is password protected and is available for service engineers use only.
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Output to Printer

The graphics capahility of the instrument means that the following requirements for

printer compatibility should be fulfilled:

e The printer must not be USB only style; parallel Centronicsisrequired

e The printer must not be designed to work with MS Windows only (GDI type);
these are less expensive printers and can only function when connected to a PC
with the appropriate driver installed

If in doubt, check with the printer manufacturer.

Note that printer output is always in black and white even on colour printers.

Seiko DPU-414

If obtained in your country, it should already be configured properly.
If not, set software DIP SW2 to American character set.

Epson FX-80+ / Epson 9 pin
Includes Epson FX 850 and similar.

Epson 24 pin (ESC P)
For use with Epson 24 pin dot matrix printers and older inkjet printers such as the
Stylus 400.

Epson InkJet (ESC P2 raster)
For use with more recent Epson Inkjet printers such as the Epson Stylus Color 680.

PCL HP DeskJet / HP LaserJet

Intended for printers such as HP LaserJet 11/111/4, HP DeskJet 500, HP Desk Jet
690C.

The printer must be HP PCL leve 3 or greater; HP DeskJet 700, 820 and 1000
series printers do not fulfil this requirement and cannot be used.

Use for letter sized paper.

PCL HP DeskJet / HP LaserJet - (A4)

Intended for printers such as HP LaserJet 11/111/4, HP DeskJet 500, HP Desk Jet
690C.

The printer must be HP PCL leve 3 or greater; HP DeskJet 700, 820 and 1000
series printers do not fulfil this requirement and cannot be used

Use for A4 sized paper (European)

Text printer (no graphics)
Use for any class of paralld printer; no graphics or accents on text are printed.
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Parameters and graphics are printed automatically if Auto Print is selected (see
User). Pressing print from within amode set up page will print the parameters for
that mode, whereas pressing print after experimental results are displayed will
print both parameters and graphics.

Download to Spreadsheet

Results can be downloaded directly to Excel when the PC has the Spreadsheet

I nterface Software installed (80-2110-73) and the two are linked with the serial
cable (80-2105-97); detailed instructions are supplied with the software. Thus
absorbance / wavelength data comprising a scan, for example, can be picked up as
columns of numbers and converted to a more conventional graph using the
spreadshest; results can then be formatted or manipul ated as appropriate prior to
inclusion in reports or archiving / saving to hard disk.

Results from all modes of use on the instrument can be output in thisway. Output
IS automatic when print key is pressed.

M essages

Most messages are self-explanatory and relate to use of the instrument.
Othersrelate to the calibration of the instrument on switch on:

M essage summary Possible causes / remedy

Calibration status: Fail | One or more of the parameters tested for during GLP
calibration is out of specification (see Appendix). You can
accept this status and either continue to use the instrument as
normal or try again later, but you may wish to contact your
local service engineer.

Calibration status: Visible region only is calibrated; check lamps and replace if

visible only necessary

Calibration status: UV | UV region only is calibrated; check lamps and replace if

only necessary

Failed to align visible Detector did not see enough energy during calibration; replace

lamp visible lamp

Abs Non-Linear Instrument cold, dirty filters or misalignment of filter quadrant.
Recalibrate later on. Contact local service engineer.

Too much light Close lid properly and ensure baseplate plug is in place

Beam blocked Not enough light getting to detector; check light beam is not
blocked by a cell

> 3.0 Sampl e too concentrated or something blocking light path

IC Accessory not initialised properly
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ACCESSORIES

If an accessory is changed, press Function > Accessory to initialise the instrument
in order that the appropriate accessory can be identified. Depending on the

accessory type, alist of optionsis presented.

Multiple Cell Holder Accessories

* Install by removing accessory in place, replacing with the new one, turning
the central mounting screw until it isfinger tight and initialising as above.

e All multiple cel holders have the option of being used as a single cell holder.
This meansthat there will be no rotation after pressing run.

Description Part number | Comments

4 position cell changer | 80-2106-01 Accommodates cells 10-50mmm in
pathlength

8 position water heated | 80-2109-70 Requires a water-circulating bath.

cell changer L ocate round extension of tube
restrainer into top of cell changer
thumb screw. Attach the tube guide
to the instrument base using the
screws provided. Replace the front
blanking plug on the cdll
compartment lid with the new one
that is provided.

6 position Peltier heated | 80-2106-04 Requires Temperature Control Unit

cell changer (80-2112-49). Insert into socket 1.

8 position cell changer | 80-2108-01 Spare, if required
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Single Cell Holder Accessories

* Ingall by removing accessory in place, replacing, if necessary, the baseplate
plug supplied and positioning the single cell holder so that the arrow is on the
front face and it locatesin place. Then push the finger ocks backwards so
that they lock into position. Initialise as described previously

Description Part number | Comments

Cedll holder, 10mm pathlength | 80-2106-05

Cell holder, for sample 80-2108-10 Requires magnetic flea and controller

stirring

Cedll holder, 50mm pathlength | 80-2106-07

Cdll holder, 100 mm 80-2107-14

pathlength

Cylindrical cedl holder 80-2106-10 Up to 100 mm pathlength cylindrical
cells

Water heated cell holder 80-2106-08 10-40 mm pathlength.

Requires a water-circul ating bath.
Replace the front blanking plug on
the cell compartment lid with the
new one that is provided..

HPLC cdl holder 80-2106-11 Flowcell volume is 8 ul, pathlength
Is 2.5mm. Thread wires through one
hole of the tube guide and attach this
to the instrument base using the
screws provided. Replace the front
blanking plug on the cell
compartment lid with the new one
that is provided.

Peltier cell holder 80-2106-13 Set required temp in range 20-49 °C.
Insert into socket 2.

Electrica cell holder 80-2106-12 Set required temperature: off, 25, 30,

37 °C. Insert into socket 2.
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Other Accessories, consumables etc

Description Part number | Comments
Sipper 80-2112-25 Useif alarge number of samplesfor
singlereadings are required.

Requires single cell holder (80-2106-05
or 80-2106-13). 10mm flowcd |l and
tubing supplied, together with separate
user instructions.

Temperature 80-2112-49 Required to supply the extra power

Control Unit required by the 6 position Peltier heated
cell changer (80-2106-04).

Printer stand 80-2112-18 For thermal printer

Dust cover 80-2106-19 Spare

Consumables and other items

Pump head tubes (6) for Sipper 80-2080-74
PTFE flowcell tubing with connectors 80-2055-13
Replacement flowcell (including tubing) 80-2080-60
Autosampler Interface kit 80-2104-96

Serial interface cable for connection to PC 80-2105-97
(D9 male instrument to D9 PC)

Spreadsheet Interface Software 80-2112-23

Centronics paralle printer interface cable 80-2071-87

Separate information giving details on serial and parallel interface connections, if
required, is available from a Service Engineer with your local supplier, whom you
should contact for further details.
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Acquire Applications Software

Acquire comprises application modules for wavel ength scanning, reaction kinetics,

guantification, multi wavelength, time drive, and can be used to enhance the
software already included on the spectrophotometer.

80-2115-31 | Acquire Applications Software
Wavelength Scanning, Reaction Kinetics, Quantification, Time
Drive, Multi Wave ength

Recommended PC for proper operation

For optimum performance, an IBM compatible 486 or greater personal computer
running Microsoft Windows 95, 98 or NT is required. The PC should have a
minimum of 8SMB RAM, 200Mb hard disk, a 1.44 MB 3.5 inch floppy disk drive,
CD-ROM, a serial mouse ingtalled, and free COMMS seria port and VGA
graphics. Any printer supported by Microsoft Windows 95 can be used. Contact
your supplier for further information.
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MAINTENANCE

After Sales Support

We supply support agreements that help you to fulfil the demands of regulatory
guidelines concerning GLP/GMP.

e  (Calibration, certification using filters traceable to international standards
*  Certificated engineers and calibrated test equipment
e  Approved to SO 9001 standard

Choice of agreement apart from break down coverage can include

o Preventative maintenance
o Certification

When using calibration standard filters, insert such that the flat surface isfacing
away from the spring end of the cell holder

Observe all necessary precautions if dealing with hazardous samples or solvents

User maintenance is restricted to changing the instrument lamps and mains fuse.
For any other maintenance operation or rectification contact your local supplier.
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Lamp Replacement

Replacement |lamps are available from your supplier using the following part
numbers:

Deuterium lamp 80-2106-17 (includes tungsten lamp as well)
Tungsten lamp  80-2106-16

The deuterium lamp is supplied fitted into a mounting and pre-adjustment plate; a
new tungsten lamp is also included.

NOTE:

e Although deuterium lamps are covered by their own warranty, an engineer’s
call out feeis not, and users are advised to change their own lamps. Lamp
replacement is very easy, and the process has been designed so that the user
can do it without the need to call out alocal service engineer. No lamp
alignment isrequired as the lamp select mirror isautomatically aligned for
maximum lamp energy throughput during the instrument calibration
procedure.

*  Thelamps become very hot in use. Ensure they are cool before changing.

* Do not touch the optical surfaces of either lamp with your fingers (use tissue);
If touched, the area should be cleaned with iso-propanal.
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To change alamp, proceed as follows:
To change alamp, proceed as follows:

1. Switch off the instrument, remove sample from cell holder and disconnect the
power supply cord. Allow time for lamps to cool.

2. Locatethelamp access cover on the left-hand side of the instrument, and push
the cover back.

3. Undo the black knurled screw on the lamp cover plate with your fingers and
remove the plate.

4. Slidethe lamp plate out and unplug the cable connector.

* |f thetungsten lamp has failed, the replacement should be inserted onto the
plate, pushing it all the way down intoits holder *.

e If thedeuterium lamp hasfailed, insert the tungsten lamp onto the plate as
above and then replace the whol e assembly with the new one.

o1

Reconnect the cable connector and slide the lamp platein until it locates.
Replace the lamp cover plate by attach by re-tightening the black knurled
screw.

7. Replace the lamp access cover.

8. Reconnect the power supply cord and switch the instrument on.

9. After thelamp has warmed up sufficiently (30 minutes), run a new basdline.

o

* For reliable tungsten lamp alignment fit the tungsten lamp as shown in the
diagram below, with the straight length of wire A closest to the deuterium lamp.

A
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Deuterium Lamp Warranty
Criteriafor lamp replacement are that it must:

- belessthan 15 months old

Fuse Replacement

1)  Switch off the instrument and disconnect the power supply cord. Thefuse
holder can only be opened if the power supply plug has been removed, and is
located in the power input socket on the back panel of the instrument.

2) Slidethe fuse holder open by pulling at the notch.

3) Placefuses (1.6A, 5mm x 20mm, FST) into the fuse holder and dide back
Into position.

4)  Reconnect the power supply cord and switch on the instrument.

Fuses are not normally consumed in an instrument's lifetime. If they blow
repeatedly contact your supplier
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Cleaning and General Care

External cleaning

e  Switch off the instrument and disconnect the power cord.

e Useasoft damp cloth.

e Clean all external surfaces

e A mildliquid detergent may be used to remove stubborn marks,

e  Sample compartment spillages

e  Switch off the instrument and disconnect the power cord.

e Thecdl holders, baseplate and sample compartment are coated in a chemical
resistant finish. Strong concentration of sample, however, may affect the
surface, and spillages should be dealt with immediately.

e  Observeall necessary precautions if dealing with samples or solventsthat are
hazardous.

e Thereisasmall drain hole in the sample compartment to allow excessliquid to
drain away. Liquidswill drain onto the bench or table under the
spectrophotometer or if preferred, this drain hole can be connected to waste
using suitable tubing.

e Removethe cdl holder and clean separately.

e Useasoft dry cloth to mop out the sample compartment. Replace the cell
holder.

e Reconnect the power cord and switch on the instrument.
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APPENDIX

Phar macopoeia

In general, there has been an increase in laboratory requirements to conform with
Good Laboratory Practice techniques,; thisis particularly the case in Pharmaceutical
companies and in Biotechnology facilities, where the interest in finding solutions to
genetherapy opportunitiesis great. Typically, scientists working in pharmaceutical
and bio-pharmaceutical research, be it University or Industry, require a high
specification instrument with the ability to devel op methods.

The British Pharmacopoeia (A88 Appendix Il B) states that for resol ution:

e Toverify theresolution of the instrument, the spectrum of a 0.02% (v/v)
solution of toluene in hexane should b recorded; the ratio of the absorbance at
the maximum (269nm) and minimum (266nm) should be at least 1.5. It can be
shown that this requires an instrument having 1.8nm bandwidth or less.

The European Pharmacopoeia (1984, v.6.19, 2" Edition) states that for stray light:

e Toverify thestray light of the instrument, the absorbance of a 1.2 % wi/v
solution of potassium chloride with a pathlength of 1cm should be more that
2.000 when compared with water as reference liquid.

This instrument fulfils the requirements of the Pharmacopoeia, and is delivered
with the appropriate factory final test certificate to show this. An “Instrument
Qualification and Performance Verification Logbook” is also included; this details
the various tests that have to be done to prove Pharmacopoeia compliance and
enables the results to be plotted as a function of time.
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Good Laboratory Practice

Good |aboratory Practice (GLP) concerns being able to trace experimental results to an
instrument, an operator and the time the result was obtained so that a laboratory can
prove that the instrument was functioning correctly or not. Laboratory, operator and
internal instrument reference names can be entered on the spectrophotometer.

If the GLP option is on, during calibration or re-calibration the instrument self-checksiits
integrity for GLP purposes. The GLP test of this instrument is essentially a“confidence
test” that it is performing as it was when manufactured and tested. For absolute
measurements, an annual certification service agreement with your supplier is
recommended. The integrity of the instrument for GLP purposes is quantified from:

the calibration status of the instrument

the age of the lamps

the wave ength accuracy by comparing to the 656nm deuterium line

the values of a built in absorbance filter compared to when the instrument was
manufactured (or last serviced by an accredited engineer).

e the bandwidth at 656nm

e theinstrumental stray light

The expected values are given in parentheses on the GLP print out after calibration; the
range of acceptanceis defined by the technical specification of the instrument.

In the unlikely event that the instrument fails calibration or goes out of specification, a
message will appear on the display. In this event, the following should be checked:-

* isthecdl compartment lid closed properly

* isasampleinthelight beam - if so, remove it

* isthebaseplate plug in place (single cell accessory)

* isthein-fill pane at thefront of the cell compartment in place

Pressing OK after the message "GLP Calibration Fail" appears confirms that you
have accepted the instrument status. If you are working in a regulated environment
such as a drug discovery laboratory that generates data for GLP/GMP activities or
reports, you should not use the instrument and contact your local service engineer.
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GLP print out at instrument calibration (GLP enabled)

Libra S32 UV/Vis Spectrophotometer

Instrument ..............

Serial no  : 81012
Software ;6094 V1.0, Slave 6094 V1.0
Last serviced : 14/03/02 13:36

I nstrument state at calibration

GLP Calibrated  09/03/02 at 12:56
Calibration  Full UV/Visible

Bandwidth (1.3- 1.8nm): 1.7nm PASS
Wavelength (656.1nm) : 656.0nm PASS
Absorbance at

220nm (1.763-1.781A) : 1.772A PASS
340nm (1.633-1.665A) : 1.649A PASS
500nm (1.477-1.491A) : 1.484A PASS
Stray light at

220nm ( <0.025%T) : 0.013%T PASS

Current instrument state
Accessory: Eight Position Cell Changer

UV lamp :
installed 14/03/02 13:35, use5 hours
basdline in use: 14/03/02 13:38
baseline stored: 14/03/02 13:38

Vislamp:
installed 14/08/00 13:35, use5 hours
basdline in use: 14/03/02 13:38
baseline stored: 14/03/02 13:38

GLP enabled causes printed results to have calibration status included.
GLP results can also be sent to PC for dectronic archiving (Spreadsheet Interface
Software required).
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Equation Entry using M ultiWave

Always write out the equation(s) in front of you before using this mode.
Step by step entry of the following equationsis shown in the example below:

Cobalt (g/l) = ((12.26 * A511) - (0.30 * A720)) * 100
Nickel (g/l) = (( -0.40 * A511) - (27.41* A720)) * 100

Enter numbers using the keypad; press enter or ¥ after each entry.

Setup
Noof A's 2
Al 511
A2 720
Integration time Default
Factors
C 100
K1 12.26
K2 0.30
K3 -0.40 press C first to get the negative sign
K4 27.41 press enter repeatedly to get to end of page
Equation 1
Press enter or V after each parameter entry; use C to remove an incorrect parameter
entry.
Description Cobat > toget  aphanumeric keypad; press stop after entry of
name
Equation press <> (
<> (
<> K1 aready defined as 12.26
<> *
<> Al aready defined as absorbance at 511 nm
<> )
<> -
<> (
<> K2 aready defined as 0.30
<> *
<> A2 aready defined as absorbance at 720 nm
<> )
<> )
<> *
<> C aready defined as 100
Units <> g grams (unit will appear in print out, not in title)
<> | litre (unit will appear in print out, not in title)
Enable > v Check the equation!!
equation
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Equation 2

If there is no equation 2, go directly to save method.
Press enter or V after each parameter entry; use C to remove an incorrect parameter

entry.
Description Nickel

Equation press

Units

Enable
equation
Save method

>

<>
<>
<>
<>
<>
<>
<>
<>
<>
<>
<>
<>
<>
<>
<>
<>
<>
>

>

toget aphanumeric keypad; press stop after entry of

name

(

(

K3 aready defined as-0.40

*

Al aready defined as absorbance at 511 nm

)

(

K4 aready defined as 27.41

*

A2 aready defined as absorbance at 720 nm

)

)

C aready defined as 100

g grams (unit will appear in print out, not in title)
I litre (unit will appear in print out, not in title)
v Check the equation!!

v Refer to Methods
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Kinetics

The usual way of measuring the rate of an enzyme reaction is to monitor the change
In concentration of one of the substrates involved in, or of one of the products
produced by, the reaction. Take for example the alanine transaminase (ALT)
enzyme reaction: -

ALT
o—oxoglutamate + alanine = pyruvate + glutamate.

If we want to measure the rate of production of pyruvate, then as this cannot be
done directly we can link it to another enzyme reaction involving NADH and the
enzyme lactate dehydrogenase (LDH). Thus: -

LDH
pyruvate + NADH + H* = lactate+ NAD™

We can follow the rate at which NADH is used up by measuring the absorbance of
the reaction mixture at 340 nm. Since LDH isin excess, thisrateisdirectly
proportional to the rate of pyruvate produced in the first reaction (about 80% of all
enzyme measurements are monitored in this way).

If a curve of the absorbance of the reaction mixture at 340 nm versustimeis
plotted, a graph smilar to that illustrated will be obtained.

Abs The curve can be split into 3 phases:-
340

Phase 1, A-B; reactant mixing, thermal
equilibrium and attainment of linear phase,

Phase 2, B—C; the linear phase,
Phase 3, C-D; tail off as one of the reactants

D becomes rate limiting, thus reducing the net
reaction rate to zero.

Time

Therate of the reaction is defined by the dope of the linear portion of the plot and
therefore, from Beers Law, the change in absorbance per unit time, dA/dt, isgiven
by:

dC/dt = (dA /dt) x (VEL)

where dC/dt = rate of change in concentration (moal/litre), L = cell path length
(normally 1 cm) and E = molar absorptivity (molar extinction coefficient) of the
compound being measured (for NADH, E = 6300 litres/mol/cm).
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Therate of change of concentration can then be used to calculate enzyme activity,
which is defined as:

Enzyme activity = (dC/dt) x (Vt/Vs)
where Vt = total volume of the reaction mixture and Vs = volume of sample.
There are two internationally accepted units for enzyme activity:

1) International Unit of Enzyme Activity, U or IU, defined as that amount of
enzyme activity which will convert 1 micromole of substrate per minute at

259C.

2) Katal, kat, defined as that amount of enzyme which will convert 1 mole of
substrate per second:

11U = 1.67 x 106 Kkat 1kat=6x 107 1U
The katal is not often used although it isarecognised Sl unit.

Since we have defined our calculations as the rate of change of concentration
(moal/litre), the results are therefore as activity per unit volume, |U/litre or kat/litre.

In order to simplify the calculation of enzyme activity, variables such as molar
absorptivity and sample volume can be combined to produce a conversion factor,
since by consideration of the above equations enzyme activity is proportional to
dA/dt. Thevariables, in the correct unitswhen working in 1U/litre, are given in the
following equation:

Factor = Vt.108 /E.L.Vs

where Vt= total reaction volume (ml), Vs= sample volume (ml), E= molar
absorptivity (L/mol/cm), L= path length (normally 1 cm).
The factor has the units of pumol/L

For example, in the aanine transaminase enzyme reaction above, if we have
0.2 ml of test samplein atotal reaction volume of 2.20 ml, the conversion factor is
calculated as follows:

Factor = 2.20 x 10° /6300 x 1 x 0.2 = 1746 pmol/litre
Therate of change of absorbance, dA/dt, is calculated by performing a linear

regression analysis on the data points from the linear portion of the Absvstime
plot to give avalue for the dopein changein Abs per minute. Thisis convenient
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for working in the U unit, but to work in microkatals the conversion factor must be
divided by 60.
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To calculate the enzyme activity, multiply the rate of change in absorbance by the
conversion factor:

Enzyme activity (1U/litre) = dA/dt x Factor.

L east squaresregresson analysisand linearity
The dope (or best sraight line) and intercept in akinetics assay or standard curve

determination is calculated from aleast squares linear regression of the data. The
following equations are used, where n is the number of data points:

PRIV IR
D x> x=n) x?

Intercept = (Zy—Zx* slope)/n

Sope =

Linearity is an estimate of the “goodness of fit” of the least squares linear
regression analysis, a perfect fit being 1. It isused in both the Kinetics and
Standard Curve modes, and is expressed by a correlation coefficient, cal cul ated
using the following equation:

%Y y-nY.xy
NZx -n2e (T ) -nxv?)

Quality = 100*
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SPECIFICATION AND WARRANTY

Wavelength range 190 -1100nm in 0.1nm data interval s

M onochromator 1200 linesymm Aberration corrected concave grating
M aximum scanning speed 7300 nm/minute at 2 nm intervals

Spectral bandwidth < 1.8nm

Wavelength accuracy + 0.7nm

Wavelength reproducibility + 0.2nm

Light source Tungsten hal ogen and deuterium lamps

Detectors silicon photodiode

Photometric range

- 3.000 to 3.000A, -99999 to 99999 concentration
units, 0.1 to 200%T

Photometric accuracy

+ 0.5% or + 0.003A to 3.000A at 546 nm, whichever
Isthe larger

Photometric reproducibility

within 0.5% of absorbance value to 3.000A at
546nm

Stability + 0.001A per hour at 340nm at OA after warm up
(deuterium lamp)
Stray light <0.025 %T at 220nm using Nal and <0.025 %T at

340nm using NaNO»

Digital output

9 pin serial and Centronics parallel

Sample compartment size

210 x 140 x 80mm

Dimensions

520 x 370 X 230mm

Weight

13kg

Power requirements

90 - 265V AC, 50/60Hz, 150VA

Safety Standard EN61010-1

EMC emissions EN 61326-2.3 Generic emissions

EMC immunity EN 61000-4-6 Generic immunity part 1

Mains harmonics EN 61000-3-2

Quality System Designed and manufactured in accordance with an

ISO9001 approved quality system

Specifications are measured at a constant ambient temperature and are typical of a

production unit. Aspart of our policy of continuous development, we reserve the
right to alter specifications without notice.

Warranty

Y our supplier guarantees that the product supplied has been thoroughly tested to
ensurethat it meetsits published specification. The warranty included in the
conditions of supply isvalid for 12 months only if the product has been used

according to the instructions supplied. They can accept no liability for loss or

damage, however caused, arising from the faulty or incorrect use of this product.

This product has been designed and manufactured by Biochrom Ltd, 22 Cambridge
Science Park, Milton Road, Cambridge CB4 OFJ, UK.
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