LC Scanner 3
with winCATS Software

The Best Choice for
Densitometric Evaluation of
Planar Chromatograms



TLC Scanner 3 in Planar Chromatograph

j |

Industrial applications
e Process development and optimization
® In-process control

e Cleaning validation

® efc.

Fsan L3g0) S

Forensic

e Detection of document falsifications
e Poisoning investigations

e Dye stuff analysis

® etc.

Clinical applications Food analysis/animal feed Pharmaceutical industry Environmental analysis
e Lipids e Quality control e Quality control e Water

e Metabolism studies e Additives, e.g. vitamins e Content Uniformity Test (CUT) ¢ Soll

e Drug screening e Pesticides e |dentity/purity check e Residue analysis

¢ Doping control e Stability testing e Stability testing e etc..

* etc. * etc. * etc.




CAMAG TLC Scanner 3

m wme

LAAL TLC SCANNER 3

The CAMAG TLC Scanner 3 is used for the densitometric evaluation of objects from the
fields of planar chromatography and electrophoresis.

e The scanner is designed to handle objects up to 200 x200 mm.

e As required, scanning can be performed in reflectance or transmission (optional) mode,
by absorbance or by fluorescence.

e The scanner features three light sources, a deuterium lamp, a halogen-tungsten lamp
and a high-pressure mercury lamp.

e The scanning speed is selectable between 1 and 100 mm/s.
e The spectral range is 190 to 800 nm.

e The entire spectral range can be used for spectra recording; if the emission range of one
lamp is exceeded the scanner automatically switches to the next lamp.

e Spectra recording is performed with up to 100 nm/s at an oversampling rate of 40/nm.

e The scanner is connected via RS 232 interface to a computer which controls all actions,
processes data and generates the report.

The object, here a 20 x 10 cm HPTLC plate, is fixed onto the scanning table and then sim-
ply inserted. If the user positions the stage manually, the coordinates can be automatically
used by the program.

(9) Planar Chromatogram
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(10) Analog curve
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(11) Calibration function

(12) The object, here a 20 x10 cm HPTLC plate, is
positioned on the scanning table and simply in-
serted. The coordinates are displayed during manual
positioning of the stage and can be entered into
the program by mouse click.



The Optical System

e Any of the three light sources, high-pressure
mercury lamp, deuterium lamp, or halogen-tungs-
ten lamp can be positioned in the light path by a
motor drive.

Entrance lens
system

Monochromator
entry slit

Lamp selector

Mirror

Disk with slit
apertures

A Light path schematically

e The reference photomultiplier enables automatic
adjustment of the measuring photomultiplier to
the actual emission intensity of the lamp at the
current wavelength. It compensates for lamp
aging and short-time fluctuations. It also reduces
the warm-up time required to reach lamp
stabilization.

¢ All components of the optical system, lamps, mono-
chromator, scanning stage, and photomultiplier
are mounted on one sturdy metal support.
This ensures high precision of the detector signal.

e For scanning at wavelengths below 200 nm it is
advisable to flush the monochromator with nitro-
gen. The scanner is prepared for this.

e A monochromator bandwidth of 5 nm or 20 nm
can be selected. 5 nm bandwidth is used for
spectra recording, multi-wavelength scanning,
and always when spectral selectivity is required.
20 nm bandwidth offers higher light intensity and
enables several fractions with differing absorption
maxima to be measured in one scan.

e The lens system with 190-800 nm transmission
range features automatic positioning for micro and
macro slit sizes. This ensures that the light energy
available with small slits in the micro position is
almost the same as that for the corresponding slit
in the macro position, which is four times larger.

e The light beam strikes the object at right angle.
The photomultiplier for reflectance scanning is
aligned at an angle of 30°. For scanning in trans-
mission mode a photodiode mounted below the
object is used as detector.

Monochromator
grating

Lens system, can

be positioned for
micro and macro slit
image

Mirror

Reference photo-

multiplier ‘

Beam splitter

Measuring photo-
multiplier

Scanning
object

4
’ .

Photodiode
(transmission)

Light sources

Deuterium lamp, usable continuum 190-400 nm
Halogen tungsten lamp, usable continuum
350-800 nm

High-pressure mercury lamp, line spectrum
254-578 nm

Lamp power supply

The lamp, which is positioned in the light path, is
automatically ignited. The tungsten lamp can remain
lit with either of the other two. All lamps are current
stabilized

Pilot lamp and compartment illumination
The slit is automatically illuminated with visible light
when the compartment illumination is switched on.
The scanning compartment is illuminated with a 4 watt
fluorescent tube UV 254 nm which the user can replace
by a UV 366 nm or a white light tube.

Optical system

Apochromatic suprasil-fluorite lens system, trans-
mission range 190—-800 nm, astigmatic entry lens
for optimal slit illumination; automatic switching
between micro and macro position for optimal light
intensity

Monochromator

Concave holographic grating, 1200 lines/mm,
bandwidth selectable 5/20 nm, wavelength range
190-800 nm; monochromator driven by stepper
motor, reproducibility of wavelength setting better
than 0.2 nm, accuracy better than 1 nm; connector
for flushing with nitrogen. Maximum speed of spectra
recording 100 nm/s, positioning at 200 nm/s.
Motor-driven filter wheel with two automatically
selected filters for the elimination of second order
wavelengths; 400 nm cut-off filter for fluorescence
measurements; three positions for user selected
filters

Scanning slit

Revolving disk with 20 fixed apertures; length of slit
images selectable between 0.5 and 12 mm, width
between 0.025 and 1.2 mm in 38 combinations

Detector

Reflectance mode: two matched broad band
photomultipliers, multialkali type, spectral sensitivity
185 — 850 nm

For transmission mode (optional) silicon photovoltaic
detector (diode); spectral sensitivity 185 — 1150 nm;
linear range 0—3.0 OD

Technical Data

Stage drive

Independent in both directions by stepper motors,
micro step driven for smooth movement; reproduci-
bility of positioning better than 50 pm in Y-direction,
better than 100 pm in X-direction, maximum scanning
speed 100 mm/s, positioning at 150 mm/s

Mains voltage

Selectable 100V, 120V, 220V, 240 V; 50/60 Hz,
130 VA

A/D converter

16 bit, 2-channel A/D converter, 100 ms per double
conversion

Connections/interfaces

Serial interface RS232 for communication to a PC,
Equilink for connection to winCATS Planar Chroma-
tography Manager

Dimensions
620x620x345 mm, net weight 38 kg

(14) Extension kit for transmission measurements:
transparent stage module, plug-in detector assembly
and accessories.

(15) Preventive maintenance and troubleshooting is
easy: the printed boards are accessible from the side.
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winCATS Planar Chromatography Manager

wittCATS

MANUAL INPUT e | , ’
. \ Horizonta ; - mage
 Linomat IV Developing Chamber ifersion Gevice Annotation
Stationary Phase Nanomat Developing Chamber Spray Y Image Import
Sample o ~ Sample Chromatogram L e ,
Preparation Definitions Application Development Derivatization . - Documentation \ Report \ Save to Disk
\ \ Automatic TLC " , Automated Multiple Quantitative o 21 CFR Part 11
Samples Sampler 4 (ATS 4) Development (AMD2) \ TLC Scanner 3 \ Evaluation Digita Carmera \ (FDA Regulation)
_ Scanner Qualification \
\ Automatic TLC ; .
Standards ‘ Spectrum Libra Video Camera
Sampler Il (ATS 3) Dual Wavelength Scan 4 i
‘ Multi Wavelength Scan
¥ Linomat 5
Track Optimization . . . : .
SOFTWARE CONTROLLED Using the explorer type view the operator at all times ~ With the winCATS standard program the

CAMAG has been developing software for densito-
metric evaluation of planar chromatograms and
electrophoresis objects since 1980.

winCATS is the result of a unique integrated software
concept covering all steps of planar chromatography.
The user can combine the individual modules to create
a complete solution that meets all requirements with
respect to instrument control, data acquisition,
evaluation and documentation.

The modular design of winCATS allows selecting
or disabling the individual steps of planar chromato-
graphy according to the task at hand.

& v Definitions

The program offers a unique combination of features:

e winCATS combines high performance with easy
handling

o winCATS offers a two-stage on-screen HELP
system, a brief info line and a detailed explanatory
Help text.

e winCATS features a structured data management
and high data safety with easy access to network
and project directories.

e winCATS stores the complete set of parameters
used — together with all data — from scanning

raw data to documentation — in one single file,
and prints everything if desired.

e winCATS complies with the rules of GMP/GLP

remains in control over all active steps of the work-
flow. These are:

Selection of plate material and its pretreatment

Definition of samples, standards, and the calibrati-
on method if applicable

Sample application

Chromatogram development

Derivatization (pre and/or post chromatographic)
Detection

Spectra recording
D Stationary phase
o Difinitions - Quantitative
ol m Sarple application - ATS 4
E Development - Chamber
ﬁe Post-chromat ographic derivatization
- @ Detection - Scanner 3

Quantitative evaluation

Documentation

CAMAG TLC Scanner 3 is a most versatile instru-
ment featuring a multitude of functions:

e The maximum scanning speed is 100 mm/s; up to
36 tracks with up to 100 substances can be
evaluated.

e Integration is performed with either automatic
baseline correction and peak detection or user
defined.

e Assignment of substance names by means of the
graphic user interface is straight foreward.

¢ The spectra of all detected peaks can be measured
automatically.

e Color graphs of all data, ranging from 2D analog
curves with substance names to complex 3D displays
can be printed and exported.

winCATS program options for TLC Scanner 3

ertia = 260 nm 0 o .

|21 guantiative and 21 CFR part 11. il [ Track1 e Quantitative evaluation: page 12
¥ Sample appicati i
I;l i-mge;ppnca o Track2 e Sub-component evaluation: page 13
y & 154 ;I Track 3 .
sl Pre-chromatographic denvatization it ’ SpeCtrum Ilbrary. e =
[ ek e Track optimization: page 16
Development Track 6
|w e j = @Evaluatiun-Quantitative e Dual WaVElength sCan: page 16
E Calibration q X
Past-chromatographic dervatization . E S o  Multi Wavelength sCan: page 17
. [F] Triamterene e Scanner qualification: page 18

Detection i = ECocumentation

I &P Scarner 3 _l

% Image document Imagel
% Image document Image2
% Image document Images 17

e 21 CFRPart 11 “compliance ready”: page 19

For further information and current state of imple-
mentation visit www.camag.com



Data Acquisition — TLC Scanner 3

 er— For routine analysis winCATS starts off with a Recording of spectra o Dty
e | | method file containing all relevant data for the NCATS tomaticall d R 5 | 2 @
o e current task such as instruments, parameters, etc. win ”can alf Om.i. Icaty reEor speg B ?S = d
— —— This method can be validated for GxP work. From soonbasd§ |{|)ea d'?o;', |%ns ﬁre nOWT' .dp.ec E T ; g
—— T this method an analysis file is generated and pa- (Cfn © displayed Individuatly or overiaid in one % ; g
- st rameters unique to the actual analysis, i.e. sample lagram. | 8 "
] designations, amounts, etc. are adapted. Spectra can be measured from 190 to 800 nm. % ’;‘ g
When, after sample application and chromato- i e j”;stsk']on ISl O tthe detgte”num .I?r[r:p Ii % :” g
gram development the procedure has reached the fﬁceﬁ Ie etscan?er lau oms Itck? Iy SHHIEniEs L) 7] 4 v
data acquisition with TLC Scanner 3, the plate is , e.t adogen— UNgsten lamp. Both famps remain % i g
positioned on the stage and scanning is started. Ignited. ;1: : g
1 o
Slit dimensions, scanning speed, light source, ;L z g
wavelength, etc. have already been defined within e =i
the method.
The TLC Scanner 3 scans the plate and transfers
Triamterane raw data back to winCATS where baseline correc- B
360 — o o . . 100.0 1000
— tion and peak recognition is performed automati- +
At cally in the background. £ 7 - - [AU]
’ Substance gelb {standardl
260 The display can be swiveled and tilted, and | 'a VeraiaEl 3 A4E,5 T i ]
- additional information can be displayed by clicking 700 1 S e . e ]
the right mouse key on an analog curve. C - L Boo
160 —
Analog curves can be displayed either individually 500 - 500
L or in a 3D diagram. Both can be printed in color a0 400
50 - . together with the analysis report. — .
iy 0,08 05 058 055 07s 058 208 a0
Rf b
100 A } F 100
(19) Integrated peaks with substance names; at this ' ¥
Stage baSE/Ine and Integratlon /Im/ts can be manua//.y 0.0200.0 250.0 3000 356.0 40lj.D 450.0 5000 550.0. 506.0 [nm] 700.0 >

changed by mouse action.
(23) View of selected spectra. Specific informa-
tion on a selected spectrum can be obtained by

\ clicking on it.
+ 8000
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| i

700007 A b so00

800.0° L anon
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- 2000
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(20) 3D diagram of all analog curves of the current
plate.

Track 7. |D: sample 2

(21) Table of integration results for the selected track.
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winCATS Options for TLC Scanner 3
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(25) Polynomial regression
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(26) Michaelis Menten regression
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Option
Quantitative Evaluation

Quantitative evaluation is based on the comparison
of peak heights or peak areas of the unknowns
with those of calibration standards chromato-
graphed on the same plate. Depending on the
task at hand single-level or multi-level calibration
can be selected.

Single-level calibration is suitable for analyses
where the concentration of the unknowns shall
be checked within narrow limits. Single-level cali-
bration requires reduced calibration efforts.
Multi-level calibration is used when the target
values are expected in a comparatively wide range.
winCATS offers a choice of four calibration
functions, the selection is made based on which
function gave the best result during method
development.

Linear regression

Is a useful function when the calibration range is
narrow or the absolute amounts per fraction are
small, which often is the case when scanning by
fluorescence.

Non-linear regression

Becomes necessary when a wider calibration range
is needed and/or the absolute amounts per fraction
are high. winCATS offers three kinds of non-
linear regression:

Polynomial regression
Is suitable for calibration over a wide concentrati-
on range with low amounts of substances.

Michaelis-Menten regression

Is suitable for calibration over a wide concentra-
tion range and for high amounts of substances.
The Michaelis-Menten function defines an non-
linear relationship with a minimum number of
standard levels. It can be used close to the satura-
tion level of the detector.

The Michaelis-Menten function type 1 passes
through the origin. In cases where this behavior
is not suitable, Michaelis-Menten type 2 may be
chosen.

Flexible input screens for calibration data
winCATS offers a wide choice from entering
“amount per fraction” to entering amounts

from balance readings or from stock solutions.

According to the European and the American
pharmacopoeia, related compounds can be
quantified by comparison with small amounts
of the main component in case their identifi-
cation is not required.

This main-/sub-component evaluation is part of
the standard quantitative evaluation program.

|
Rhodamine i | 3 i Linear i
Triamterens . ] Linear

Substance name

(30) Table of results per substance and track

ndow size | Regr ' Devia i :
[mm] 1 %1 type

Desethylatrazin 0.32 a0 Paolynotmial 0o ‘MainCom

‘ Substance name ‘ Rf ‘ -

(31) Definition of standard substances in case of
main-/sub-component evaluation
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(33) Spectra of an unknown and of a standard
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peak purity

Identity and purity check by spectra comparison

The option quantitative evaluation includes
identity and purity check of fractions by spectra
comparison. For identity checks spectra recorded
at the peak maxima are compared with those of
standard substances. The user can define a limit
for the correlation coefficient, or let winCATS
calculate identities by statistical criteria.

For checking the purity of a fraction, spectra are
recorded at peak maximum and at both slopes.
These spectra are then compared by winCATS
either to match user specifications or according to
statistical criteria.

Option
Spectrum Library

Recording, displaying and comparing spectra of
substances chromatographed on one plate is in-
cluded in the standard scanner program. In order
to compare spectra of substances chromatogra-
phed on different plates or to compare spectra
with those of a spectra collection, the program
option “Spectrum Library” is required.

The spectrum library can be used during sub-
stance assignment for validation of assigned sub-
stances as well as for identification of unknown
fractions.

During the search process for identification the
spectrum library shows a hit list of the closest
substances including their spectra.

Option
Volume of spectra

A collection of more than 600 spectra of basic,
amphoteric and quaternary “street drugs”

is available from CAMAG. It is suitable for scree-
ning in toxicological and forensic analysis, either
independent or in combination with self recorded
spectra.

‘Spectum & Al conectiongraph Overlayp @ Corelation ©  Difference

Clomipiamine Clomipramine

s actumo vy |

|E5CamaghwinCAT 55D kel rugKrimDjanZ0020626 001 cna =

Tiack

L e B Mienseir 031453 RI0SH
W- 090998  Ri048

HitNo. ... Confirmed by A

Track8: (sample 8)

Peak assigned to Glomipramine at hRfc 54 Height 40260 AU. Area: 10007 36

Hit Substance name Pos.diff  correlation
Methadane -0hRfc 093099
Dovapramine 4hRf 087770
Terodiling 3hRM 097422
Terfenading -0hRE 087376
Mepivacaine 1 hRIc 095422
Certraline 1 hRfc 084207

..

HitNo. Confirmed by A

(36) Excerpt from a report including the hit list of
all fractions.
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(39) Dual-wavelength scan: the curve of the reference
wavelength (red) is subtracted from that of the
measuring wavelength (green). The resulting curve
(blue) is available for integration and evaluation.
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Option
Track Optimization

With this program option a distorted chromato-
gram can be corrected.

Each track is scanned by a number of measure-
ment passes, incrementally different in the X di-
rection. The number of passes and their distance
is selected according to the requirements of the
particular chromatogram. After all scans of one
track are completed, the software calculates the
optimized track, i.e. from peak maximum to peak
maximum. Only those data are then used for
result calculation of the corrected chromatogram.

Note:

When used with chromatograms with proper
alignment of fractions, the results obtained with
or without track optimization are about the same.

In case of distorted chromatograms, results ob-
tained with track optimization are comparable to
those of a good chromatogram scanned without
track optimization.

Prerequisites for improving the results of a distor-

ted chromatogram are:

a) The maxima of all peaks must be located within
the area covered by the measurement passes.

b) The change in peak shape caused by differences
in migration distances, must not be too great.

For chromatograms with samples applied band-
wise, i.e. by means of a Linomat, track optimizati-
on is not useful.

Option
Dual-Wavelength Scan

This option serves for background correction. The
chromatogram is scanned with two wavelengths,
the measuring and the reference wavelength,
which each can be selected between 190 and
800 nm.

As the measuring wavelength one will usually se-
lect the wavelength of the absorption maximum
of the substance to be calibrated. The reference
wavelength should be sufficiently apart from this
maximum absorbance in order to achieve good
sensitivity, however, not too far away as other-
wise irregularities in the layer will not be reliably
compensated. A preceding recording of the spec-
trum is helpful for selecting the right combination
of wavelengths.

Option
Multi-Wavelength Scan

The option multi-wavelength scan is an extremely
useful tool for the quantitation of analyte mixtu-
res whose components differ in their absorption
maxima. The chromatogram on the plate can

be scanned consecutively at up to 31 different
wavelengths between 190 and 800 nm and the
peak data stored in one analysis file. During the
consecutive evaluation each component can
now be automatically evaluated at its maximum
absorbance. This way the user is relieved from
manually evaluating the same plate at different
wavelengths. This winCATS feature is unique in
planar chromatography!

The 3D view of the multi-wavelength scan is
another extremely helpful tool for identity checks.
The 3D views can be scaled, swiveled and tilted,
and then copied to clipboard or saved as a bitmap
file for use in other software, e.g. Word.

Siit dimensian: [ 500 « 0.30 . Micio x
Optimize: npl?:él‘iystswfnr TSI W
-iceimin_g‘sp’eed i m
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(5= crrstent (isvelsnath| rement =
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Color (MWL Track graph)
.

(41) 3D view of a multi-wavelength scan, here
one track at all wavelengths
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(42) Substance assignment: each peak is auto-

matically assigned at its optimum wavelength
before evaluation

17



Guzlification TLE Scanner 3

.ﬁ‘a_.sm slectronics test

Measuring electronics self disgnosis
Main PM dark signal
Reference PM derk signal
P match test  gain

P match test : high voltage
PM refative sensitivity @ 400 nm
Deuterium lamp tests

Relative intensity

Output noise

L ateral acjustment

St illumiration uniformity:
Equivalent burning time of this lamp
lanitions of this kmp

Tungsten halogen lamp tests
Output noise
Lateral adjustment
St llumination uniformity
Eqiuivalent burning time of this lamg
lgnitiors of this kmp

Mercuy vapor iamp tests

Relative intensity

Output noise

Lateral acjustment

it ilumination unitormity
|Equivalent burning time of this lamp
\gritiorts of this kmp
Monochromator tests

Mercury line

Mercury line

Mercury line

Mercury line

Mercury line

|Backlash (effective)

Banchwidth selector : position 1

(44) Screen with results from qualification
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Option
Scanner Qualification

With this option the TLC Scanner 3 can be auto-
matically qualified and a report can be generated.

In the scanner qualification procedure the follo-
wing checks are performed:

e Wavelength accuracy of the monochromator
e Stage positioning

e Condition and alignment of all lamps

e Condition and alignment of the optical system
e Condition of the electronic system

The complete qualification procedure can be
carried out automatically or manually in sections.
Certain deficiencies in lamp alignment and mono-
chromator adjustment can be automatically
corrected.

Example: The stage with the test pattern (straight
line) is moved multiple times at 0.1 mm incre-
ments in Y direction across the slit. The resulting
analog curve is evaluated by the program. This
test gives information about:

e Uniformity of slit illumination with the respective
lamp, and

e Correct alignment of the lamp and the optical
system.

The result of each test is displayed on screen and
can be printed as part of the qualification report.
The report contains the target values and the
values actually found together with a pass/fail
judgment.

The option Scanner Qualification is required
when the instrument shall be operated in a GxP
environment.

Option
21 CFR Part 11 “compliance
ready”

This option is required for compliance with the
FDA regulation regarding the recording of elec-
tronic data and signatures. It includes:

e Safety of data acquisition and operation by
user identification with password

e Secure storage of all results including raw data,
complete data integrity and tracking

e Documentation of all activities in History Log/
Audit Trial for secure tracking

e Electronic signatures according to 21 CFR Part 11
requirements.

1Q = Installation Qualification is performed at
the site and at the time of installation. It docu-
ments that all specifications related to the safety
requirements and the installation environment
comply with the manufacturer’s stipulations.

0Q = Operation Qualification is initially perfor-
med subsequently to installation and is repeated
at intervals recommended by the manufacturer
and/or defined by the customer. It documents that
all modules of the equipment (system) function
consistently within the specified operating ranges.

PQ = Performance Qualification certifies

that the equipment (system) is suitable to per-
form a specific analytical task. It can thus only be
performed by the user with his substances and
according to his task description and test pro-
cedure following CAMAG's OQ and the respective
instrument manuals.

CAMAG offers qualification according 1Q/0Q
and assistance with PQ as a service. Request
information by fax or through our website
WWwWWw.camag.com

The winCATS option 21 CFR Part 11 “compliance
ready” and the TLC Scanner 3 can be IQ/0Q
qualified and then used in a GMP/GLP environment.

Instrument Qualification

»'% Digital Signature

LserlD |i0_hn. doet@camag.cH

Passvictd. |

Fullname John Doz

— _{Analysis results have been completed. j

signtt | [

Fievoke Sigring |

LAVAL

Installation Qualification

We hereby certify that the

CAMAG TLC Scanner 3 and CATS Software

has been tested in accordance with the Installation
Qualification SOP 100/04, protocol |D: 971209

and has been found to be m full comphance with the
manufacturers specifications.

[T T T—

47
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Ordering information

Densitometer, Software, Options, Accessories

027.6485 CAMAG TLC Scanner 3 for scanning by absorbance and fluorescence, equipped for objects up to
200x200 mm, wavelength range 190-800 nm, complete with deuterium lamp, tungsten-halogen
lamp, and mercury vapor lamp, including Equilink to winCATS, but without winCATS license.

027.6420 Extension kit for scanning in transmission mode consisting of stage module, plug-in detector
assembly and accessories

winCATS Program options:

027.6300 winCATS license inclusive 1 year of Internet update service
027.6315 Quantitative evaluation with winCATS

027.6342 Spectrum library

027.6349 Volume of Spectra “Basic and Quaternary Drugs”
027.6344 Track optimization

027.6346 Dual wavelength scan

027.6348 Multi wavelength scan

027.6340 Scanner qualification

027.6380 21 CFR Part 11 »compliance ready«

Special secondary filters:
027.6431 Sharp cut filter 340 nm

027.6433 Sharp cut filter 460 nm
027.6434 Sharp cut filter 500 nm
027.6436 Sharp cut filter 560 nm
027.6438 Narrow pass filter 360 nm
027.6439 Narrow pass filter 440 nm

The sharp cut filters 320 nm, 400 nm, and 540 nm are always shipped mounted on the filter wheel.
They serve to eliminate second order wavelengths and can also be used as secondary filters.

Computer and accessories

Please note that we can offer a warranty for full functionality only for computers and operating systems tested
and shipped by CAMAG, not for those generally declared to be compatible.
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