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1 Introduction

Operational and Performance Qualification are becoming increasingly important to analytical
laboratories. Documented evidence must be provided to demonstrate the integrity of data collected
and qualify the results obtained on laboratory instrumentation.

The following institutes set and control industry instrumentation standards:

NIST The National Institute of Standards and Technology is an administrative body of the US
Department of Commerce. Together with industry, the NIST develops new technologies and sets
technological standards countrywide. Thermo Fisher Scientific includes NIST traceable standards as
part of the qualification kit.

ASTM The American Society for Testing and Materials sets technical standards and rules for the
industry worldwide, specifically; E 1657 — 98: Standard Practice for Testing Variable-Wavelength
Photometric Detectors in Liquid Chromatography. E1511 — 93: Standard Practice for Testing
Conductivity Detectors used in Liquid Chromatography. E19.09.07: Proposed Standard Practice for
Evaluation of Gradient HPLC pumps — Draft.

USP The United States Pharmacopeia (USP) is an official public standards—setting authority for all
prescription and over—the—counter medicines and other health care products manufactured or sold in
the United States. USP establishes documentary and reference standards to ensure quality
analytical instrument qualification process.

These standards are written in broad terms to make them as widely applicable as possible. All
stipulate general requirements specifying instruments must be fit for purpose, technically checked in
defined periods, calibrated and make sure that test results are documented according to international
guality standards. The OQ/PQ procedure used to qualify Thermo Fisher Scientific lon
Chromatography Systems meets the requirements established by NIST, ASTM and USP.

This OQ/PQ procedure provides qualification testing for ICS-3000 systems composed of any
modules listed in section 1.6.

OQ/PQ results can be influenced by unusual laboratory conditions. For example, direct sunlight and
close proximity to air conditioning ducts will cause thermal irregularities that will affect baseline drift
on conductivity detectors. In these cases, it may happen that the manufacturer’s specifications are
not met. Ensure that the instrument is operated in suitable environmental conditions or for PQ, the
specifications may be adjusted accordingly.

All OQ/PQ activities must be formally recorded, all instruments must be clearly identified, and test
reports and supporting documentation must include the following information:

= Module name, type and serial number
. Software and firmware version

= Testdata

" Service interval

= Signature of the Thermo Fisher Scientific Service Engineer/Qualification Executor who
performed the OQ/PQ

= Signature of the customer who reviewed and accepted the OQ/PQ results

065448 OQ PQ Operating Instructions Part A Rev 7.12 Page 6
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1.1 How to use this manual

It is essential that the operator read and understand this manual completely before
implementing any OQ or PQ process.

1. Use the table of contents to determine which tests are required for the system to be qualified
and refer to the recommended sections. This will help keep track of what steps to follow during
system setup and preparation. It will also aid in selecting the appropriate sequences to run the
tests.

2. For the ICS-3000 system, electrochemistry cells in Integrated Amperometry mode are
supported for qualification tests. For the Integrated Amperometry detection qualification a
pH/Ag/AgCI reference electrode is required for all tests. The ICS-3000 electrochemistry detector
DC amperometry and cyclic voltammetry modes are not supported for OQ/PQ testing. When
qualifying Integrated Amperometry detection a disposable amino acid gold working electrode is
used; other electrodes are not supported.

3. Use the Table of Contents and the List of Tables as reference guides to locate information
quickly.

The electronic version of the OQ/PQ operator’'s manual contains numerous hypertext links that
can take you to other locations within the file. These links include:

* Table of contents entries

* Cross-references (underlined in blue) to sections, figures, tables, etc.

Chapter 1 Introduction
Introduces the conventions used in performing OQ/PQ with the ICS-3000 systems; including the
basic requirements, industry standards and manual summary.

Chapter 2 Overview of the Tests
Provides an overview of the tests available to be performed.

Chapter 3 Explanation of Test Procedures
Describes the theory behind each test, the OQ/PQ operating procedures and evaluation of the
results..

Chapter 4 Qualification Preparation
Step by step preparation instructions for the OQ/PQ software, hardware installation and the details of
the materials in ship kits.

Chapter 5 Performing the Qualification
Detailed operating instructions on how to perform the OQ/PQ including test order, time table,
sequence initialization and troubleshooting tips.

Chapter 6 Troubleshooting
Lists problems and presents step-by-step procedures for how to isolate and eliminate the cause of
each problem.

Chapter 7 Example Reports
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1.4 Operational Qualification (OQ)

According to “The Development and application of guidance on equipment qualification of analytical
instruments” by P. Bedson and M. Sargent [Accred. Qual. Assur. (1996) 1: 265 — 274] the following
definition applies:

065448 OQ PQ Operating Instructions Part A Rev 7.12 Page 9



ThermoFisher
SCIENTIFIC Thermo Fisher Scientific ICS-3000 System OQ/PQ User’s Guide

“The purpose of OQ is to prove and document that an analytical system functions according to its
operating specification while the specific environmental conditions are taken into account. In his
specification, the supplier has therefore to define exactly the conditions that must be observed.”

OQ should be performed after initial system installation or when an additional new module is added
to an existing system. OQ should be done according to the instructions outlined in this manual and
all tests should be performed by a qualified Thermo Fisher Scientific Service Engineer. Any hand-
written notes made during the performance of the tests must become part of the test results , in
accordance with Good Laboratory Practice (GLP) and current Good Manufacturing Practice (cGMP).

1.5 Performance Qualification (PQ)

According to “The Development and application of guidance on equipment qualification of analytical
instruments” by P. Bedson and M. Sargent [Accred. Qual. Assur. (1996) 1: 265 — 274] the following
definition applies:

“The purpose of PQ is to prove and document that an analytical system functions according to a
specification that is suitable for the system'’s routine operation. A system is subject to wear when
being operated. Thus, it may happen that the supplier’s specification is no longer met. This means:
The test procedures used for OQ are also used for PQ, but the tolerances of PQ are less restrictive
than those for OQ. Using the same test procedures simplifies the handling.”

PQ should be performed at regular intervals after the initial installation and OQ. Thermo Fisher
Scientific recommends performing PQ every six months. PQ should be done according to the
instructions outlined in this manual and all tests should be performed by a qualified Thermo Fisher
Scientific Service Engineer. Any hand-written notes made during the performance of the tests must
become part of the test results, in accordance with Good Laboratory Practice (GLP) and current
Good Manufacturing Practice (cGMP).

1.6 Basic Requirements for Successful OQ and PQ

It is a requirement that the most current revision of the OQ/PQ software templates is used in order
for a qualification to be considered valid. It is the responsibility of the qualification engineer to
determine the most up to date revision of the templates available and ensure that the revision is
used before proceeding with this qualification.

It is recommended that the qualification be performed using the most current Chromeleon® service
pack version (Contact Thermo Fisher Scientific Technical Support for current version).

It is recommended that the qualification be performed using the most current firmware version for
each system or module (Contact Thermo Fisher Scientific Technical Support for current version).

Operational Qualification and Performance Qualification are system-specific test procedures. The
procedures described below are valid for IC systems comprising of the following equipment (only one
type of detector and one pump can be qualified concurrently):

Pump: ICS-3000 SP or ICS-3000 DP
Manual injection or any of the following autosamplers: AS, AS-DV, AS-AP or AS40

AS-AP autosampler 10 mL tray (P/N 074938) with ICS-3000 CD (pull or push mode) and 1.5 mL tray
(P/N 074936) with ICS-3000 CD and ED (push mode only).

Absorbance detector: AD25, ICS Series VWD or ICS Series PDA
Conductivity detector: ICS-3000 CD

065448 OQ PQ Operating Instructions Part A Rev 7.12 Page 10
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Electrochemical detector: ICS-3000 ED
Fluorescence detector: RF-2000 with UCI-50, UCI-100 or UI-20 interface
Eluent Generator: ICS-3000 EG

Note: Ensure that the seal wash option is turned off during the qualification. After the OQ/PQ
tests are finalized, be sure to re-enable the seal wash option.

In addition, please see the table below for the required Chromeleon® version for each module:

Table 1. 1CS-3000 and Chromeleon Compatibility

Module Minimum Chromeleon Software Version

AS-AP 7.1 SR1c
AS 7.1 SR1
AS-DV 7.1 SR1
AD25 7.1 SR1
PDA-100 7.1 SR1
ICS-3000 SP or DP 7.1SR1
ICS-3000 EG 7.1 SR1
ICS-3000 DC 7.1 SR1
ICS-3000 CD 7.1 SR1
ICS-3000 ED 7.1 SR1
FLUKE189/289 7.1 SR1
ICS Series VWD 7.1 SR1
ICS Series PDA 7.1 SR1c
ICS-3000 TC 7.1 SR1
RF-2000 with UCI-50, UCI-100 or UI20 7.1 SR1
interface

It is possible to qualify modules in systems that include modules that are not listed in this section;
however some modification of the included programs may be required. Such modifications are not
within the scope of this document.

It is not possible to qualify multiple detectors on a single system, with the following exceptions: (a)
An RF-2000 detector must be qualified in series with a conductivity detector, (b) To qualify the AS-
AP or AS autosampler with the injector linearity test (partial loop injections) a 250 uL or larger
injection syringe is required.

065448 OQ PQ Operating Instructions Part A Rev 7.12 Page 11
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For the ICS-3000, it is not possible to qualify multiple pumps on a single system. If multiple pumps
are configured on a single Chromeleon 7.1 Instrument, the second pump will be ignored by the
instrument control programs or instrument methods.
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2 Overview of the Tests

The following table provides an overview on the parameters to be tested and the limits

recommended for OQ and PQ.

e Template sequences (with programs specific to the Instrument Configuration are generated
based on the master sequence of the OQ/PQ templates and the system configuration in the IC
Instrument).

e The sequences are copied from each test that is to be performed on the same subject system.

e The Chromeleon software will automatically create a default unique name and directory to contain
all template sequences.

e Test sequences must be run in the order they are listed. Do not change the order.

Table 2. OQ/PQ Specification Limits: ICS-3000 CD Baseline Noise/Drift and Detector Linearity

Instrument

Parameter

Description

Limits

0oQ

PQ

ICS-3000 CD

Baseline
Noise

Baseline
Drift

ASTM Type | deionized water
with low total organic carbon
(TOC)* is pumped through the
detector at a flow rate of 1.0
mL/min.

1.0nS

2.0nS

10.0 nS/hr

20.0 nS/hr

Detector
Linearity

5 Nitrate solutions from the
OQ/PQ standards kit P/N
063540 are injected in different
concentrations. Concentration
(ppm) and peak height (uS)
are represented on a graph.
The correlation coefficient for
the resulting line and the
deviations from it indicate the
linearity.

r20.999

RSD 5.0 %

r20.999

RSD =<5.0 %

AD25 and ICS
Series VWD

Baseline
Noise

Baseline
Drift

ASTM Type | deionized water
with low TOC is pumped
through the detector at a flow
rate of 1.0 mL/min.
Wavelength 254 nm and 520
nm.

30 uAU

40 pAU

200 pAU/hr

200 pAU/hr

Wavelength
Accuracy

Holmium oxide maxima are
compared with the theoretical
maxima.

+2nm

+2nm

Detector
Linearity

5 Caffeine solutions from the
OQ/PQ standards kit P/N
063540 are injected in different
concentrations. The
absorbance is measured at a
wavelength of 272 nm.
Concentration (ppm) and peak
height (mAU) are represented
on a graph. The correlation
coefficient for the resulting line
indicates the linearity.

r 20.999

RSD 5.0 %

r20.999

RSD =<5.0 %
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*ASTM Type 1 Deionized water Total Organic Carbon Specification: <50 ppb.

Table 3. OQ/PQ Specification Limits: ICS-3000 PDA and ED Baseline Noise/Drift and Detector Linearity

Instrument

Parameter

Description

Limits

0oQ

PQ

PDA-100, ICS
Series PDA

Baseline
Noise

Baseline
Drift

ASTM Type | deionized water
with low total organic carbon
(TOC) s pumped through the
detector at a flow rate of 1.0
mL/min.

Observed wavelengths are set
for simultaneous monitoring at
254 nm and 520 nm

0.04 mAU

0.10 mAU

0.5 mAU/hr

1.0 mAU/hr

Wavelength
Accuracy

Holmium oxide maxima are
compared with the theoretical
maxima.

+2nm

+2nm

Detector
Linearity

5 Caffeine solutions from the
OQ/PQ standards kit

P/N 063540 are injected in
different concentrations. The
absorbance is measured at a
wavelength of 272 nm.
Concentration (ppm) and peak
height (mA) are represented
on a graph. The correlation
coefficient for the resulting line
(and the deviations from it)
indicates the linearity.

r20.999

RSD <5.0%
(up to 1.5 AU)

r20.999

RSD <5.0%
(up to 1.5 AU)

ICS-3000 ED

Baseline
Noise

Baseline
Drift

50 mM NaOH is pumped
through the detector cell at a
flow rate of 0.25 mL/min. A Au-
AAA certified disposable
working electrode P/N 060082
is used running the Amino
Acids (pH, Ag/AgCI
Reference) waveform.

Int. Amp:
<100 pC

Int. Amp:
<160 pC

Int. Amp:

<1000 pC/20
min.

Int. Amp:

<1250 pC/ 20
min.

Detector
Linearity

5 Threonine solutions from the
ED OQ/PQ standards kit

P/N 063541 are injected in
different concentrations.
Concentration (uM) and peak
height (nC) are represented by
a plot. The correlation
coefficient for the resulting line
(and the deviations from it)
indicates the linearity.

r20.999

RSD 5.0 %

r20.999

RSD <5.0 %

*ASTM Type 1 Deionized water Total Organic Carbon Specification: <50 ppb.
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Table 4. OQ/PQ Specification Limits: ICS-3000 PDA and ED Baseline Noise/Drift and Detector Linearity

Instrument

Parameter

Description

Limits

0oQ

PQ

Fluorescence
Detectors.
RF-2000

Baseline Noise

ASTM Type | deionized water
with low TOC is pumped through
the detector at a flow rate of

1.0 mL/min.

Excitation (EX) WL = 350 nm.

Emission (EM) WL is adjusted
changed from 450 to 394 nm to
give a response between 40 and
80 mV. Noise is measured over
thirty, 30-second intervals.

<0.3 mV
Minimum
Signal 40 mV

Maximum
Signal 80 mV

<0.3 mV
Minimum
Signal 40 mV

Maximum
Signal 80 mV

Wavelength
Accuracy

The EM WL is changed from
380 to 410 nm in steps of 1 nm
every 15 seconds. The
maximum of the emission
spectrum is determined as the
maximum of the signal.

<10 nm

<10 nm

All injectors
and samplers

Injector
Precision

10 injections of a defined
standard at 25 pL each of the
same standard are analyzed.
The percent relative standard
deviation (%RSD) of the peak
areas indicates the
reproducibility of the full loop
injection volume

RSD =0.8 %

RSD 1.0 %

Carryover

Following the injection of a
highly concentrated test sample,
a blank sample is injected and
then a water blank sample is
injected. The peak area
measured in this chromatogram
compared with the peak area of
the highly concentrated sample
indicates the amount of
carryover. If there is any peak
area measured in the water
blank sample, that area is
subtracted from the area of the
blank sample before it is
compared to the highly
concentrated sample.

<0.1%

<0.1%
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5 injections of the same
standard sample are analyzed.
The injection volumes are
different (10 pL to 50 pL).
Injection volume and peak area
are represented on a plot of pL

:'r:?eec"’t‘(';':y of vs. nC in ED, L vs. uS in CD r 20.999 r 20.999
and pL vs. mA in absorbance RSD <1.0 % RSD <1.0 %
Volume d .
etectors. The correlation
coefficient of the resulting line
(and the deviations from it)
indicates the linearity. This test
does not apply to capillary
systems.
Sample 3 samples of identical
Preparation concentration are prepared from
Precision (if the same starting vial into 3
AS only present — not sepgrate vials and inj_ec_ted. The RSD <1.5 % RSD <2.0 %
supported on relative standard deviation of the
the AS with peak areas indicates the
ICS-3000 ED reproducibility of the sample
detection) preparation.
The sample temperature is
Temperature | aasured using an external
AS-AP only Accuracy thermometer in a standard vial. 15.0+£2.0°C 15.0+4.0°C
(if present) The vial is filled with water and
measured at 15.0 °C.
The sample temperature
calibration is measuring the pH
AS-AP pH pH Accuracy gzatlg i??ﬁelr%.ag?:gr:\?gl?r?els +-pHO1 +-pH 0.2
three data points are within 0.2
pH unit of each other.
The conductivity calibration
procedure consists of
AS-AP Conductivity determining the conductivity
Conductivity Accuracy zero point of the accessory and +-30 1S +-50 1S
then measuring the conductivity
of a 1000 uS standard.
*ASTM Type 1 Deionized water Total Organic Carbon Specification: <50 ppb.
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Table 5. OQ/PQ Specification Limits: ICS-3000 EG Current, SP/DP Flow Rate Accuracy/Precision
and DC Column TC Temperature

Instrument

Parameter

Description

Limits

0oQ

PQ

ICS-3000 EG

Current
Quialification

The eluent generator (EG) is
commanded to produce a
series of different
concentrations (using the
current cartridge type
configured with a
concentration range between 0
mM to 100 mM). At each EG
concentration setting the
current (mA) produced by the
EG is measured and
compared with theoretical
values.

See Modular Validation Report

OQ_PQ_Modular_Validation

ICS-3000 SP,
ICS-3000 DP

Gradient

Step
Accuracy

A step gradient of channels A
and B,thenCand D is
programmed and measured.
Theoretical signal heights are
compared with recorded signal
heights for each step. The
deviations between theoretical
values and measured values
indicate the step accuracy. For
channels A and C deionized
water is used, for channels B
and D 0.3% v/v acetone
(absorbance detectors), or

1 mM KCI (conductivity
detectors) is used.

<2.0%

2.0%

Gradient Step
Noise

For each step of the gradient
run described above the noise
is determined relative to the
signal height.

<0.2 % for CD,
VWD, PDA

<0.5 % for ED

<0.2 % for CD,
VWD, PDA
<0.5 % for ED

Flow Rate
Accuracy

Water is pumped at a flow rate
of 1.00 mL/min into a weighed
beaker for exactly 5 minutes.
The mass of the water is
measured, the flow rate of the
pump calculated and
compared with the theoretical
value. This experiment is
repeated four more times.

1.00 + 0.05
mL/min

1.00 + 0.05
mL/min
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Water is pumped at a flow rate
of 1.00 mL/min into a weighed
beaker for exactly 5 minutes.

FlOW. Rate This procedure is repeated <2.0% <2.0%
Precision - -
four more times. The relative
standard deviation of the five
measurements is calculated.
The Analytical DC column
temperature is set to 30 °C
and the Analytical DC
compartment temperature (if
Column TC present in a dual temperature
and zone DC) is set to 20 °C for
ICS-3000 DC Compartment, | the duration of the entire +2.0°C +25°C
Temperature qualification. At the end of the
Verification qualification the temperature of

the column heater is measured
with a calibrated external
thermometer and compared
with the theoretical value.

*ASTM Type 1 DI Water TOC Specification: < 50 ppb.

Note: The instrument’s specifications can only be met if the conditions that are described in the
accompanying manual are strictly observed.

Note: The AD25, VWD, PDA, and PDA-100 Detector UV and visible lamps must be turned on at least two
hours prior to performing the qualification.
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3 Explanation of Test Procedures

3.1 Flow Rate Accuracy and Precision Qualification

3.1.1 Theory

The accuracy and precision of a pump is qualified by accurately measuring 5 aliquots of eluent into a
tared sample beaker for exactly 5 minutes each. The injection valve is used to measure the 5 minute
aliquot and the volume of each aliquot is determined gravimetrically. The backpressure coil is placed
before the injection valve and equal lengths of tubing are used for eluent and waste to ensure that
there is no backpressure change when switching the valve from waste to sample.

3.1.2 Performing the Test and Evaluating the Results

The Flow Rate Accuracy and Precision Qualification is run using the sequence called
XQ_Flow_Rate. The five weight measurements for the aliquots are entered manually into the report
and converted to volume when the temperature is entered. Accuracy is measured by comparing the
theoretical value (5.00 mL in 5.00 min) to each of the five aliquots and precision is measured by
determining the relative standard deviation of the five aliquots.

3.2. Eluent Generator Current Qualification

3.2.1 Theory

The Eluent Generator Current Qualification is determined by performing an EG step gradient using
varying eluent concentration set points. The EG applies a specific current to the EG cartridge
depending on the concentration of eluent and type of cartridge selected. An IC Qualification test box
(P/N 072005) is used in place of the EG cartridge and the applied current for each step is measured
using an ammeter or voltmeter that is connected to the test cell. No injection is performed. The
Qualification test box must be configured to KOH as the cartridge type.

3.2.2 Performing the Test and Evaluating the Results

The Eluent Generator current qualification test is the next test in the sequence queue and the
sequence is called XQ_EG_Current or XQ_EG_Dual_Current. Current readings in mA are displayed
on the voltmeter for each concentration step in the gradient. Values for each step are manually
recorded (please enter at least three figures after the decimal in each entry) or can be automatically
downloaded into the Report Template when using a Fluke 189/289 multimeter or equivalent
multimeter (calibrated with up to 300 mV DC scale range and the multimeter needs to display three
decimal places) which is configured in the instruments as a device driver. The sequence follows an
XQ_Stop sequence that will pause the system to allow connection of the Qualification Test Box and
recording of the results.

3.3 Warm up

The warm up sequence is used to ensure that all parts of the system are responding appropriately
and to record logs to the audit trail (later used to update the information in the report definition file). It
is called XQ_Warm_Up where; X is P for PQ and O for OQ. The warm up sequences from the AS-
AP directory will inject samples. The warm up sequences from the AS-AP directory inject low level
standards.
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3.4 Baseline Noise and Drift (Conductivity and Absorbance Detector)

3.4.1 Theory

A 20-minute detector baseline background trace is collected using deionized water as the eluent at a
flow rate of 1.00 mL/min. For ICS Series VWD and PDA, AD25 and PDA-100 detectors, data is
collected at 254 nm and 520 nm. No injection is performed. Then a short equilibration is done at 272
nm.

Noise is calculated by partitioning the 20-minute baseline signal into 20 one-minute intervals. The
noise is the distance between two parallel lines through the measured minimum and maximum
values and the regression line. The measured noise values are then averaged to establish the final
value. To calculate drift, the Chromeleon software uses a method of least squares and calculates a
regression line from the measured values. The slope of the regression line indicates the drift of the
measured signal, and the amount of the slope indicates the amount of drift.

Noise Calculation

@@@@@@@.@.@@@.@.@..@

Intensity (nC)

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i i II i
0 1 2 3 4 o] 5} 7 g 9 10 11 12 13 14 15 16 17 18 19 20
Time (min)

Figure 1. Noise Calculation
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Drift Calculation

Drift = slope of the regression line

Intensity (nC)

i] 1 2 3 4 g 6 7 g ] 10 1" 12 13 14 15 16 17 1B 19 20

Time (min)

Figure 2. Drift Calculation

The slope of the regression line indicates the drift of the measured signal, and the amount of the
slope indicates the amount of drift.

3.4.2 Performing the Test and Evaluating the Results

Noise and drift evaluation for all IC detectors is the next test in the sequence queue and is called
XQ_Detector_Noise_Drift where, X is P for PQ and O for OQ and Detector is CD for conductivity
detectors, UV_Vis for AD20/25 detectors, VWD and PDA for PDA-100 detectors.

Note: Ensure that the seal wash option is turned off during the qualification. After the OQ/PQ
tests are finalized, be sure to re-enable the seal wash option.

CDetl Froperties Commands
gg Praperty | Value |
(8D
=68 Purp_1 Degagser 0 .
= Pump_1_Pressure Leak HolLeak
=6 Pump_2 Leakalam 0
= F';mp 2_Pressure LeakDelay 120]s)
E60 ElenlGenerstor LeakSensaiMode Disabled z
= EGC 1 RearSeall eak Counter 3
EGC 1 Calibration RiearSeall eakLimit 5
= EGC 2 * RearSeahwashPump Idle
EGC_2_Calibration ReaSealw/ashSystem  Off .
Sampler - SolventFackLeak Malsak
=& System

& Injection

= Mestinjection
Previnjection
PrevStandard

Figure 3. Rear seal wash option
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3.5 Integrated Amperometry Noise and Drift

3.5.1 Theory

A 20-minute detector baseline is collected using 50 mM NaOH as the eluent at a flow rate of
0.25 mL/min. An Amino Acid disposable gold working electrode (Thermo Fisher Scientific P/N
060082) is used running the Amino Acid (pH using Ag/AgCIl Reference electrode) waveform. No
Injection is performed.

3.5.2 Performing the Test and Evaluating the Results

Noise and drift evaluation for the Integrated Amperometry detector is the only test in the sequence
gueue and is called XQ_ED_Amp_Noise_Drift.

Noise is calculated by partitioning the 20-minute baseline signal into 20 one-minute intervals. The
noise is the distance between two parallel lines through the measured minimum and maximum
values and the regression line. The measured noise values are then averaged to establish the final
value. To calculate drift, the Chromeleon software uses a method of least squares and calculates a
regression line from the measured values. The slope of the regression line indicates the drift of the
measured signal).

3.6 Injector Precision

3.6.1 Theory

Injector precision is determined by making ten replicate injections of a standard using a fixed sample
volume.

PDA/VWD: A 40 ppm caffeine standard is injected when using absorbance detection at a wavelength
of 272 nm. Deionized water is used as the eluent at a flow rate of 1.00 mL/min.

Conductivity Detector: A 50 ppm nitrate standard is injected when using conductivity detection.
Deionized water is used as the eluent at a flow rate of 1.00 ml/min with conductivity.

Electrochemical Detector: A 10 uM threonine standard is injected when using ICS-3000 ED detector
in Integrated Amperometry mode. A 50 mM manually prepared NaOH is used as eluent at a flow rate
of 0.25 mL/min with a 2 mm x 50 mm CarboPac PA1 (P/N 057179) guard column is used. Amino
Acid disposable gold working electrode (Thermo Fisher Scientific P/N 060082) is used with the
Amino Acids (pH, using Ag/AgCl Reference electrode) waveform.

3.6.2 Performing the Test and Evaluating the Results

Injector precision evaluation is the next test in the sequence queue and the samples are called

Inj Precision_1 through Inj Precision_10 in the XQ_Detector_Inj_Precision sequence, where X is O
for OQ, P for PQ, and Detector is CD for conductivity detectors and ED for amperometry detectors.
The concentration of the nitrate or caffeine standard and the sample volume injected is included in
the QNT file used for injector linearity.

Precision is determined by calculating the relative standard deviation of the peak areas for the ten
injections.
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3.7 Sample Carryover

3.7.1 Theory

Sample carryover is determined by injecting a highly concentrated sample, followed by a blank
sample and then a second blank injection. The blanks in this case are deionized water.

PDA/ VWD: Caffeine at a concentration of 80 ppm is injected when this test is performed with an
absorbance detector.

Conductivity Detector: Nitrate at a concentration of 1000 ppm is injected when this test is performed
with a conductivity detector.

Electrochemical Detector: A 10 uM threonine standard is injected when using ICS-3000 ED detector
in Integrated Amperometry mode. A 50 mM manually prepared NaOH is used as eluent at a flow rate
of 0.25 mL/min. with a 2 mm x 50 mm CarboPac PA1 (P/N 057179) guard column is used.

Ideally, the chromatogram of the two blank injections should be identical. If, however, a difference is
detected, the difference between the peak areas is calculated and the ratio of this difference to the
highly concentrated sample is calculated. ASTM Type | water is used as the eluent at a flow rate of
1.00 mL/min for absorbance and conductivity detectors.

3.7.2 Performing the Test and Evaluating the Results

Sample carryover evaluation is included in the same sequence as the Injector Precision test of the
sequence queue and the samples are called Water, Carry Over and Water_CO in the
XQ_Detector_Inj_Precision_CO sequence.

A peak area ratio is calculated between the blank and high concentration sample to determine
sample carryover.

3.8 Detector Linearity

3.8.1 Theory

VWD/PDA: Detector linearity for absorbance detectors is determined at 272 nm using a sequence of
five caffeine standard injections at 15, 40, 60, 80 and 100 ppm. Deionized water is used as the
eluent at a flow rate of 1.00 mL/min.

Conductivity Detector: Detector linearity for conductivity detectors uses a sequence of five nitrate
standard injections at 5, 10, 25, 50, and 100 ppm. Deionized water is used as the eluent at a flow
rate of 1.00 mL/min.

Electrochemical Detector: Linearity for Integrated Amperometry detectors uses a sequence of five
Threonine standard injections at 1, 2, 4, 8, and 10 uM. A 50 mM manually prepared NaOH is used
as eluent at a flow rate of 0.25 mL/min with a 2 mm x 50 mm CarboPac PA1 (P/N 057179) guard
column is used.

3.8.2 Performing the Test and Evaluating the Results

Detector linearity samples are called Detector linearity 1 through Detector linearity 5 in the
XQ_Detector_Linearity sequence. The concentrations for the nitrate, caffeine and the Threonine
standards are included in the QNT file used for detector linearity. It is recommended to enter the
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actual concentration of the standards from the certification of analysis into the quantification files to
achieve the real results.

Depending on which injection module used, the peak height of the sample with the highest
concentration may exceed 1500 mAU. This is usually not within the linearity range of UV detectors.
Thus, the limits for the regression coefficient and the relative standard deviation may not be met. In
this case, reduce the injection volume for all samples used for the linearity check so that the peak
height of the sample with the highest concentration is in the linearity range of the tested detector, i.e.,
usually below 1500 mAU. As an exception, a linearity range of up to 2500 mAU is specified for the
supported VWD with an analytical flow cell installed.

If an autosampler is used when the PDA or PDA-100 detectors are tested, only 10 yL of sample will
be injected by default. However, when qualifying the Thermo Fisher Scientific detectors using an
autosampler, 15 ul of sample will be injected.

3.9 Injection Volume Linearity

3.9.1 Theory

Injection volume linearity is determined by making five injections of a standard using injection
volumes of 10, 20, 30, 40 and 50 pL.

PDA/ VWD: A 60 ppm caffeine standard is injected when using absorbance detection at a
wavelength of 272 nm. Deionized water is used as the eluent at a flow rate of 1.00 mL/min.

Conductivity Detector: A 50 ppm nitrate standard is injected when using conductivity detection.
Deionized water is used as the eluent at a flow rate of 1.00 mL/min.

Electrochemical Detector: An 4 uM Threonine standard is injected when using integrated
amperometry detection. 50 mM NaOH is used as the eluent at a flow rate of 0.25 mL/min. An Amino
Acid disposable gold working electrode (Thermo Fisher Scientific P/N 060082) and a 2 mil x 1 mm
Teflon gasket (Thermo Fisher Scientific P/N 060141) are used with the Amino Acids (pH, using
Ag/AgCI Reference electrode) waveform.

This test is only performed on autosamplers with variable injection volume (e.g. AS or AS-AP) for
analytical systems. A 250 pL syringe is required to be configured in the AS-AP to run the injection
volume linearity test.

3.9.2 Performing the Test and Evaluating the Results

Injection volume linearity evaluation is the next test in the sequence queue and the sequence is
called XQ_Detector_Inj_Linearity. The concentrations for the nitrate, caffeine and threonine standard
and the injection volumes are included in the QNT file used for detector linearity.

3.10 Sample Preparation Precision (AS Only)

3.10.1 Theory

Sample Preparation precision (conductivity detection for IC systems; absorbance detection for
analytical systems only; electrochemical detection is not supported) is determined by making three
separate injections using a fixed injection volume. Each of the three standards is prepared
individually using the autosampler’'s sample preparation option. The autosampler prepares the three
samples by first transferring 15 pL of a 1000 ppm caffeine or nitrate standard into three empty
sample vials followed by the addition of 1485 pL of water to each of the sample vials. Injections are
then made from each vial. Deionized water is used as the eluent at a flow rate of 1.00 mL/min in
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analytical systems. If an absorbance detector is used the wavelength is set to 272 nm. This test is
only performed on autosamplers with the sample preparation option installed.

3.10.2 Performing the Test and Evaluating the Results

Sample prep precision evaluation is the next test in the sequence queue and the sequence is called
XQ_Detector_Samp_Prep.

Required configuration for running a successful sample preparation experiment:
- AS configured with a 10.0 mL tray (P/N 026374).
- System set up with conductivity or an absorbance detector.

Precision is determined by calculating the relative standard deviation (RSD) of the peak areas from
the three vials.

3.11 Gradient Accuracy

3.11.1 Theory

Gradient proportioning accuracy is determined by performing a step gradient using varying
compositions of deionized water and either 0.3 % Acetone with absorbance detectors or 1 mM KClI
for conductivity detectors. When performing the test with an absorbance detector, deionized water is
used for eluents A and C and 0.3 % Acetone is used for eluents B and D with a wavelength setting of
254 nm. With conductivity detection eluents B and D are 1 mM KCI.

When performing the test with an electrochemical detector, 50 mM NaOH is used for eluents A and
B and 50 mM NaOH with 8.3 uM glucose is used for eluents B and D.

Gradient composition is measured at 0, 20, 50, 80, and 100 % of eluents B and D at a flow rate of
1.00 mL/min in analytical systems. Step noise (ripple) is measured for each step in the gradient. No
injection is performed.

3.11.2 Performing the Test and Evaluating the Results
Gradient Accuracy evaluation is called XQ_GP_Grad_Accuracy.

The measured step height is compared to the theoretical step height and a percent deviation is
calculated. Step noise is evaluated for all steps. Each step has a defined one-minute interval where
noise is evaluated. Based on a method of least squares, Chromeleon calculates a regression line
from the measured values of each interval. The noise is the distance between two parallel lines
through the measured minimum and maximum values and the regression line.

3.12 Column/Compartment TC Temperature Qualification

3.12.1 Theory

The temperature of a column/compartment TC is qualified by measuring the temperature of the
column/compartment with a calibrated thermometer after allowing the column/compartment and
thermometer to equilibrate for a minimum of 15 minutes. The temperature is recorded from the

thermometer.

065448 OQ PQ Operating Instructions Part A Rev 7.12 Page 25



ThermoFisher
SCIENTIFIC Thermo Fisher Scientific ICS-3000 System OQ/PQ User’s Guide

3.12.2 Performing the Test and Evaluating the Results

During the sequence queue the column compartment is set to 30 °C and the Analytical DC
compartment temperature is set to 20 °C. The Column Compartment Temperature Qualification is
performed after the completion of the sequence queue. The recorded temperature is manually
entered into the report.

3.13 Wavelength Accuracy of Absorbance Detectors

3.13.1 Theory

Wavelength accuracy is evaluated using a holmium oxide filter. Three holmium oxide absorbance
maxima are compared with the theoretical maxima at 360.9 nm, 418.0 nm and 536.6 nm for ICS
Series PDA and VWD detectors.

3.13.2 Performing the Test and Evaluating the Results

For AD25 and PDA-100 detectors the wavelength accuracy test is the first test in the sequence
gueue and is called XQ_Wavelength_Accuracy where, X is P for PQ and O for OQ. The Wavelength
Accuracy Test program executes the verification and the results are logged to the audit trail by the
Wavelength Accuracy Report program.

3.14 Sample Temperature Accuracy of Autosamplers (AS-AP only)
3.14.1 Theory

The sample temperature accuracy mainly depends on the cooling and heating accuracy of the
AS-AP autosampler, the insulation of the sample compartment, and the thermal transfer from the
carousel to the vial.

3.14.2 Performing the Test

The sample temperature accuracy is determined with the help of an external thermometer. The
temperature sensor is placed in a standard vial (10 mL or 1.5 mL) filled with water. The carousel
cover must be closed during the test. The autosampler temperature is set to a specified
temperature. When the set temperature is reached, the sample (water) temperature is recorded
over a period of 30 minutes. Within the 30 minutes, the sample temperature reaches a stable value.
The program will keep the carousel from moving during the run. The temperature accuracy is the
temperature difference between the sample temperature and the nominal autosampler temperature.

3.15 Sample pH Conductivity verification (AS-AP only)
3.15.1 Theory

The sample pH Conductivity qualification is evaluated by checking the pH calibration and pH
accuracy. The sample temperature calibration is measuring the pH at 4, 7 and 10. The reading is
stable if the reading and the three data points are within 0.2 pH unit of each other. The pH
measurement of the accessory must be calibrated before you begin using the accessory and then
periodically thereafter. During pH calibration, the pH of a pH 7 buffer solution is measured first
and the offset is determined. Then, the pH of either a pH 4 or a pH 10 buffer solution is measured
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and a slope between pH 7 and pH 4 (or pH 10) is determined. Optionally, the pH of a third buffer
solution (pH 4 or pH 10) can be measured and a slope between pH 7 and the third buffer
determined. The conductivity calibration procedure consists of determining the conductivity zero
point of the accessory and then measuring the conductivity of a 1000 puS standard. Chromeleon
determines the calibration offset and slope and calculates a new cell constant.
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4 Qualification Preparation

4.1 Materials in Kit

Before starting the qualification procedure confirm that all the materials needed are present.
If any items from these tables are not present, do not continue with the qualification process
until these items are available.

Table 6. Materials/Parts Description for OQ/PQ

Part Description Part Number Quantity
OQ/PQ User’s Manual Part A Version 7.10 (this document) 065448 Part A 1
Tubing, 0.010” (0.25 mm) ID x 60" (150 cm) length black
PEEK
042690 60" (152 cm)

e Connect pump to injection valve, backpressure tubing
to detector, etc.

Red PEEK Tubing 0.005” (0.125 mm) ID x 39” (99 cm) length

e Generate system backpressure and delay volume for 044211 39" (99 cm)
detector and injector tests

Yellow PEEK Tubing (0.003”, 0.075 mm ID)

e Generate system backpressure and delay volume for 049715 39" (99 cm)
detector and injector tests in Analytical Systems only

25 pL Sample Loop

. 042857 1
e AS-DV/Manual injection
100 pL Sample Loo
H pEee 042951 1
e AS-AP, AS
e 3 —Way mixing tees
. 024314 2
e Connect eluent lines and eluent bottles
High-pressure bolt, 10-32 074449 6
High-pressure ferrules, double cone, 10-32 074373 6
Qualification labels 050837 6
Certificate of Functional Performance 031423 6
NIST Traceable Caffeine Standards Kit
060253 1
e Absorbance detectors
NIST Traceable Nitrate Standards Kit
L 060254 1
e Conductivity detectors
Test Binder 035863 1
Restrictor Microbore, Gradient Test 049630 1
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Table 7. OQ/PQ Test Kits Description

Part Description Part Number

IC OQ/PQ Kit for IC systems 063540
( PROD,KIT,0Q/PQ,ICS,CD ABS)

IC OQ/PQ Kit for ICS-5000 or ICS-3000 Analytical ED detectors 063541
( PROD,KIT,0Q/PQ,ICS,ED)
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4.2 Additional Required Materials
The following items will be needed:

Table 8. Additional Materials Needed

Description Quantity
ASTM Type | (or better) deionized water (18.0 Megohm-cm, filtered) 9L
e All eluent, standard, and sample preparation
Reagent Grade or better Potassium Chloride for OQ/PQ gradient tests using
conductivity detection 1g
e Gradient pump tests using conductivity detectors
HPLC grade Acetone for OQ/PQ gradient tests using optical absorbance detection 3mL
e Gradient pump tests using optical detectors
Sodium Hydroxide 50/50 w/w (Low Carbonate) (Thermo Fisher Scientific P/N 033465) —EomL
e Prepare eluent for Integrated Amperometry qualification
NIST Traceable Threonine Standards Kit for OQ/PQ (P/N 063541) 1
e Integrated Amperometry qualification on an Analytical ICS-5000*
Disposable Amino Acid AAA Working Electrode (Thermo Fisher Scientific P/N
060082) 1
e Integrated Amperometry qualification on an ICS-5000*
CarboPac PA1 guard 2 mm (Thermo Fisher Scientific P/N 057179) 1
e Integrated Amperometry qualification on an analytical ICS-5000*
Glucose Sigma-Aldrich P/N G8644 in ED Analytical OQPQ kits only (P/N 080150) 1
2 mil x 1 mm Teflon Gasket (P/N 060141) 1
Ammeter or digital volt multimeter (DVM) with milliamp (300 mA scale) setting for
OQ/PQ tests using an EG. Must be capable of displaying 0.00 to at least 220 mA. A 1
Fluke Model 189, 289 or equivalent DVM will allow for automated EG Current testing.
Digital thermometer. Temperature accuracy test can be performed with a Dostmann
P600 Thermometer or equivalent. 1
The P600 is included in the Column Thermostat PQ Kit (P/N 5705.0050A)
Type K temperature sensor for Dostmann P600 Thermometer (P/N 6820.0010) 1
Thermo Fisher Scientific analytical conductivity cell (detector)
e Detector, injector and gradient pump tests using conductivity detectors in 1
conductivity mode
AS or AS-AP in puII modelzllo .mL vials are required for AS-AP pull mode and AS 10
Sample Preparation Qualification
AS-AP: 1.5 mL vial tray (P/N 066332) 1
AS-AP: 1.5 mL vials (P/N 061696) 7
Black tubing 48” (P/N 042690) 1
AS-DV 5.0 mL vials with filter caps (P/N 038141) if qualifying an AS-DV autosampler 20
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100 mL volumetric flasks (Class A, 100 + 0.08 mL) 5

e Standard preparation for AS-DV and Manual Injection
1000 mL volumetric flasks (Class A, 1000 + 0.3 mL)

e Eluent preparation Atleast 1
Transfer Pipettes or Pipettor 0.5-10.0mL
Calibrated Analytical Balance - capable of mass recording to the nearest milligram or
better

e Weigh KCI for eluent preparation 1

e Weigh eluent for the Flow Rate Accuracy and Precision test
Calibration and Check Standard pH 4 (P/N 033238) 1
Calibration and Check Standard pH10 (P/N 033240) 1
1000 uS Standard (P/N 080172) 1
Computer workstation running Chromeleon™ Version 7.10 (with SR1) or later (later 1

versions required for some configurations, see Chapter 1.6)

* These items are needed for ICS-3000 system qualification in ED mode. These items are
included in the ICS-3000 ED Qualification kit (Thermo Fisher Scientific P/N 063541)

Deionized water should be vacuum filtered through a 0.2 or 0.45 pm nylon or other water

compatible membrane exhibiting very low extractable.

All volumetric ware, pipettes and standard eluent storage bottles should be made of low

extractable polymeric materials such as polypropylene or polystyrene.

A 48" black tubing (P/N 042690) is recommended to be added to the yellow tubing
(P/N 049715) from the injection vale to the conductivity detector to reduce pump ripple and

cell noise.
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4.3 Preparation of Standards

Two standards are provided in the OQ/PQ kit. Use the Caffeine Kit, P/N 060253 to qualify systems
with an absorbance detector (AD25, ICS Series VWD or PDA or PDA-100). Use the Nitrate kit, Part
Number 060254 to qualify systems with a conductivity detector.

To qualify an ICS-3000 system with an ED detector in Integrated Amperometry mode use the
Threonine standard kit for ED qualification (Thermo Fisher Scientific P/N 063542). ED detector
qualification does not support AS40 and AS-DV autosamplers.

4.3.1 Caffeine standard preparation for the Injector Precision test (AS-DV
and AS40 autosamplers only)

(AS-DV and AS40 Autosamplers only) For the Injector Precision test prepare a 40 ppm caffeine
standard using the 1000 ppm caffeine standard vials included in the Caffeine Standards Kit. Pipette
4.0 mL of the 1000 ppm caffeine standard into a 100 mL volumetric flask. Fill the flask to the mark
with ASTM Type | (or better) deionized water (18.0 Megohm-cm, filtered).

(AS-DV and AS40 Autosamplers and Manual Injection) For the Carryover test use the 1000 ppm
caffeine standard included in the Caffeine Standards Kit.

4.3.2 Nitrate standard preparation for the Injector Precision test (AS-DV
and AS40 autosamplers only)
For the Injector Precision test prepare a 50 ppm nitrate standard using the 1000 ppm nitrate
standard ampoule included in the Nitrate Standards Kit. Pipette 5.0 mL of the 1000 ppm nitrate

standard into a 100 mL volumetric flask. Fill the flask to the mark with ASTM Type | (or better)
deionized water (18.0 Megohm-cm, filtered).

For the Carryover test use the included 1000 ppm nitrate standard found the in the nitrate standards
kit without dilution.

4.4 Preparation of Eluents

All eluents must be prepared using ASTM Type | (or better) deionized water (18.0 Megohm-cm,
filtered). Eluent should be freshly prepared prior to the execution of the OQ/PQ tests.

4.4.1 Preparation of Eluents for use with Conductivity Detection

Prepare the following eluents and connect them to lines A, B, C and D of the pump. All eluents must
be degassed. Eluent lines A and C can be connected to one eluent bottle containing 1 L of water by
a mixing tee. Eluent lines B and D can be connected to one eluent bottle containing 1 L of 1 mM KCI
by a mixing tee.

Note: Eluents B, C and D are needed for the Gradient Pump Accuracy Test only and should be
prepared only if the pump configured has gradient capabilities.

Table 9. Eluent Channels for Gradient Performance Test with Conductivity Detector

Eluent Description
A Deionized water
B 1.0 mM KClI
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C Deionized water
D 1.0 mM KCI

10 mM KCI Stock Solution Preparation:

Prepare one liter of 10 mM KCI by weighing 0.746 g of KCI. Place the KCl in a 1 L volumetric flask.
Fill the flask to the mark with ASTM Type | (or better) deionized water (18.0 Megohm-cm, filtered).

1 mM KCI Preparation:

Pipette 100 mL of the 10 mM KCI solution into another 1 L volumetric flask, filling the flask to the
mark with ASTM Type | (or better) deionized water (18.0 Megohm-cm, filtered). The 1 mM KCI
solution should be fresh prepared fresh daily.

Remember to ...

e Degas all eluents and autosampler wash solutions. Degassing is not required, but is
recommended for most consistent results.

e  Connect eluent lines A and C to one eluent bottle containing 1 L of deionized water equipped
with a 3-way mixing tee.

e  Connect eluent lines B and D to one eluent bottle containing 1 L of 1 mM KCI equipped with a 3-
way mixing tee.

e  Eluent bottles for ICS-3000 pumps do not need to be pressurized.

e  Ensure that the rear seal wash supply bottle is filled with fresh deionized water or the rear seal
wash pump is turned off from the F8 command window.

4.4.2 Preparation of Eluents for use with Absorbance Detection

These eluents are for used for qualification with an ICS Series Variable Wavelength Detector (VWD)
or Photodiode Array Detector(PDA), AD25 Absorbance Detector or PDA-100 Photodiode Array
Detector.

Prepare the following eluents and connect them to lines A, B, C and D of the pump. All eluents must
be degassed. Eluent lines A and C can be inserted into one eluent bottle containing 1 L of water.
Eluent lines B and D can be inserted into one bottle containing 1 L of 0.3 % Acetone in Water.

Note: Eluents B, C and D are needed for the Gradient Pump Accuracy Test only and should be
prepared only if the pump configured has gradient capabilities. Do not prepare these eluents if the
pump configured is an ICS-3000 Isocratic pump since it does not have gradient mixing capabilities.

Table 10. Eluent Channels for Gradient Performance Test with Conductivity Detector

Eluent Description
A Deionized water
B 1.0 mM KCI
C Deionized water
D 1.0 mM KCI
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0.3 % Acetone in Water Preparation:

Pipette 3 mL of HPLC grade Acetone into a 1 L volumetric flask. Fill flask to the mark with ASTM
Type | (or better) deionized water (18.0 Megohm-cm, filtered) . Eluents should be freshly prepared
on a daily basis.

Remember to ...
e Degas all eluents.

e Connect eluent lines A and C to one eluent bottle containing 1 L of deionized water using a 3-
way mixing tee.

e  Connect eluent lines B and D to one eluent bottle containing 1 L of 0.3 % Acetone in water
using a 3-way mixing tee.

e  Eluent bottles on ICS-3000 pumps do not need to be pressurized.

4.4.3 Preparation of Eluent for use with Integrated Amperometry Detection

There are two different eluents used for qualification with an ICS-3000 Electrochemical Detector in
Integrated Amperometry mode.

For Flow Test (initial Flow test):

Eluent Description

A Deionized water

For all other ED Tests :

Eluent Description

A 50 mM NaOH

The preparation of 50 mM NaOH for the ED tests should be performed after the Pump Flow Rate
test has been completed to ensure minimal potential contamination of 50 mM NaOH eluent. Do not
make the 50 mM NaOH eluent until section 5.3.2. All eluents must be degassed. Eluent lines A
should be connected to one eluent bottle containing 1 L of 50 mM NaOH. After the 50 mM NaOH has
been connected to line A, the line should be thoroughly primed.

50 mM NaOH Preparation:

Fill eluent bottle with 997.4 mL of ASTM Type | (or better) deionized, degassed water (18.0 Megohm-
cm, filtered). Pipette 2.6 mL of 50/50 (w/w) NaOH solution into the bottle. Cap, cover with Helium
(or Nitrogen) head pressure and mix. The 50 mM NaOH solution should be prepared daily and care
should be taken to minimize exposure to CO, gas.

Remember to ...
e Degas all eluents.
e  Connect eluent line A to one eluent bottle containing 1 L of 50 mM NaOH.

e  Pressurize eluent bottles with Helium (or Nitrogen) gas.
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4.4.4 Preparation of Eluent for use in Gradient Performance Test with
Integrated Amperometry Detection
Prepare the following eluents and connect them to lines A, B, C and D of the pump. All eluents must
be degassed. Eluent lines A and C can be connected to one eluent bottle containing 50 mM NaOH

by a mixing tee. Eluent lines B and D can be connected to one eluent bottle containing 50 mM NaOH
with 8.3 uM Glucose by a mixing tee.

Note: Eluents B, C and D are needed for the Gradient Pump Accuracy Test only and should be
prepared only if the pump configured has gradient capabilities.

Table 11. Eluent Channels for Gradient Performance Test with Electrochemical Detector

Eluent Description
A 50 mM NaOH
B 8.3 puM Glucose in 50 mM NaOH
C 50 mM NaOH
D 8.3 uM Glucose in 50 mM NaOH

50 mM NaOH Preparation:

Fill eluent bottle with 994.8 mL of ASTM Type | (or better) deionized, degassed water (18.0
Megohm-cm, filtered). Pipette 2.6 mL of 50/50 (w/w) NaOH solution into the bottle. Cap, cover with
Helium (or Nitrogen) head pressure and mix. The 50 mM NaOH solution should be prepared daily
and care should be taken to minimize exposure to CO, gas.

8.3 UM Glucose in 50 mM NaOH Preparation:

Fill eluent bottle with 1000 mL of previously prepared 50 mM NaOH. Pipette 15 pL of 555 mM
Glucose, cover with Helium (or Nitrogen) head pressure and mix. The 50 mM NaOH solution should
be prepared daily and care should be taken to minimize exposure to CO, gas.

Remember to ...
e Degas all eluents.

e Connect eluent lines A and C to one eluent bottle containing 1 L of 50 mM NaOH using a 3-way
mixing tee.

e  Connect eluent lines B and D to one eluent bottle containing 1 L of 50 mM with 8.3 uM glucose
using a 3-way mixing tee.

e  Pressurize eluent bottles with Helium (or Nitrogen) gas.

e Use the disposable carbohydrate working electrode (P/N 060082).

4.5 Preparing the IC System

Note: The AD25, VWD, PDA, and PDA-100 Detector UV and visible lamps must be turned on at
least two hours prior to performing the qualification.
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1. Chromeleon settings: Ensure that Chromeleon is set for Automatic update of external
references. Click on the “Automatic update of external references” check box in File —
Preferences — Print menu.

Browser ] License ] Grid ] Server ] Thurmbnails ]
Frogram E ditar ] QOMT Editor Frint 1 Spectra Library ]

IV Allow 247Letter paper resizing
Chromatogram and spectia overly
I Use dashed and dotted lines instead of colored lines

Line weight: 1pt -

Frinter lapout editar

*Y'ou need administrator rights to modify these settings!

v Automnatic update of external references

™ Alwaps ask before external references are updated

QK | Cancel | Apply |

2. Open the Chromeleon Instrument Configuration application. Only one pump, one injection valve
and one detector can be qualified concurrently (except the RF2000 which must be qualified in
series with a conductivity detector), so if more than one pump, one injection valve or one
detector are installed, the second pump (Pump_2), the second detector (CDet_2, EDet_2) will
be ignored if both detectors are the same. The detector names can be configured in the
Instrument Configuration. If the detectors are different, uncheck the detector signal that will not
be qualified. If the second pump or detector is to be qualified, remove (or uncheck) the first
pump or detector in the Instruments. Make note of any changes made to the system for the
purposes of this qualification. After qualification these changes should be reversed. It is helpful
to save a backup file of the configuration before you make any changes for qualification.

3. ELUENT GENERATOR: Select the General page and confirm the Device Name is
“EluentGenerator”. On the Pump Link & Cartridge page confirm the eluent generator is linked to
the pump to be qualified and the Offset Volume is set to no more than 400.0 L.

4. AUTOSAMPLER: Double click on the Autosampler to be qualified (if installed) to view the
properties page for the autosampler. Select the General page and confirm the Device Name is
“Sampler”. Select the Options tab and confirm that the options match the configuration of your
system. The AS-AP injection mode must be selected at this point. Only one mode is qualified.
Select the Devices tab and confirm the Autosampler diverter valve status matches your system.
Select the Temperature page and confirm the Autosampler controlled Column Temperature
option matches your system (if installed). Exit the properties page. For the AS-AP autosampler
in pull mode, the Flush Volume and Flush Volume2 must be set with F8 commands or from the
More Options page of the AS-AP panel before beginning qualification. Flush Volume = 2 x
(Needle Volume + Needle Line Tubing Volume) uL where Needle Volume = 30 pL and Needle
Line Tubing Volume (the volume of tubing between the needle and the injection port) = 0.86
pL/cm (2.2 pL/in) of 0.33-mm (0.013-in) ID PEEK tubing (blue). Set the Flush Volume2
parameter to 30 pL.

NOTE: Make sure inject mode in the panel is consistent with the inject mode in the Instrument
Configuration before loading the OQPQ templates.

5. 1CS-3000 Pump: Double click on the pump to be qualified to view the properties page for the
pump. Select the Devices tab and confirm the Device Name is “Pump_1" or “Pump_2".
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6.

10.

11.

12.

ICS-3000 DC: Double click on the DC to be qualified to view the general properties. Select the
Thermal Controls tab and confirm the heating configuration of the Instruments. Confirm that
the device name for the Column TC is “Column_TC” and the device name for the Compartment
TC is “Compartment_TC” if installed on the Instruments.

DETECTOR: Double click on the detector to be qualified to view the properties page for that
detector (for CD and ED this will be in the DC under the detector tab). Select the General page
and confirm the Device Name is “UV” for AD25 and PDA-100, detectors. For the ED and CD
detectors: Open the properties of the DC and click on the Detectors tab. Highlight the detector
name and click on Configuration button. Confirm that the Device Name is “CDet1” for CD
detectors or “EDet1” for ED detectors. If both detectors are on the same Instruments, uncheck
the detector(s) that is not being qualified (only one detector can be qualified at a time). Click on
the Signals tab. Confirm the signal name is “CD_1" for CD detectors or “ED_1" for ED
detectors. Confirm that the signal factor for absorbance, conductivity, and fluorescence and
integrated amperometry detectors is 1.000. For integrated amperometry detectors confirm the
signal factor is 0.001. If it is not, change the factor to the correct value for the qualification.
Confirm the signal unit is uS for conductivity or nC integrated amperometry respectively.
Confirm the signal unit is AU for UV detectors. Confirm the signal unit is mV for fluorescence
detectors. If it is not, change the unit to the correct value for the qualification. Exit the properties

page.
If applicable make sure the detector Output is in ‘Offset’ mode in the Analog Out Set-Up screen.
Make note of any changes and save the configuration.

All modules, with the exception of the AD25, RF2000, AS-DV, AS40, must have their serial
number set in the moduleware. Qualification of modules without serial numbers, with the
exception of the above-mentioned modules, is not supported.

Connect Eluents A, B, C and D to the pump and prime each eluent line individually for
approximately 3 minutes each, longer if the vacuum degas option is installed (10 minutes).

Use the backpressure coil to connect the pump outlet directly to port 2 on the injection valve
Connect the pump line to injection valve port 2 (P). Bypass the column, suppressor, CR-TC,
and CRD from the system leaving the gradient mixer in-line; If an Eluent Generator Cartridge is
in-line with the IC system, bypass all plumbing to the EGC and connect the pump directly to the
injection valve.
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a. Diagram on how to connect the pump outlet to the valve
Ly
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Figure 4. Plumbing diagram, initial equilibration step
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13.

14.

15.

16.

17.

18.

ICS-3000 DC COLUMN TC: Insert the thermometer probe into the 2" tubing slot from the bottom
of the DC so that the LCD display sits out the side of the column TC. The LCD display of the
thermometer should be visible and display the current Column TC temperature.

ICS-3000 DC COMPARTMENT TC: Insert the thermometer probe into top tubing slot on the DC
so that the LCD display sits out the side of the column TC. The LCD display of the thermometer
should be visible and display the current Column TC temperature.

ICS-3000 TC: Insert the thermometer probe into the side tubing slot on the TC so that the LCD
display sits out the side of the TC. The LCD display of the thermometer should be visible and
display the current TC temperature.

RF-2000 DETECTOR: Make sure the fluorescence detector is plumbed in series with a
conductivity detector. The RF-2000 detector will be qualified during the other tests. The tests
will not be performed correctly if the RF-2000 detector is the only detector found on the system.

Thoroughly rinse the autosampler and manual injector fluidics with water. This can be
accomplished on the AS and AS-AP by flushing the sample syringe six times and on the AS-DV
and the AS40 by running two or three rinse 5.0 mL vials

AS-AP or AS: For ICS-3000 Analytical systems using an AS-AP or AS Autosampler, install the
100 pL sample loop on the injection valve. Loop volume must be set in the instrument
configuration for the AS-AP.

AS-AP Autosampler @

General] Sharing] Segments / Pump Link  Options l Fielays] Inputs ] Error Levels]

Injection Mode:

Buffer Size: {1200 ha 111}
Swringe Size: | 1000 AN
j [LoopSize: ]‘IDD

pr—

T

Autozampler Valve(z]

Top¥alve:  |None (0.368...4000 ) I

= i

Bottom Walve: |Mone hd

v
- ~ v Temperature Contral

Lirnits
Lower Limit: |4 [4.0...60.000° C]

v Automatically ‘W ash after Abaort Upper Limit: |60 [4.0...60.000° C]

=]

Cancel | | Help |

Figure 5. AS-AP Instrument Configuration

PLUMBING CONFIGURATIC
LOOP SIZE V1¢(_ 100 uL
LOOP SIZE V2: TOUT

SAMPLE SYRINGE VOLUME: 250 ulL

SAMPLE SYRINGE CONFIG: READY
PREP SYRINGE VOLUME: 5 mL
PREP SYRINGE CONFIG: READY

Help Prompt
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Figure 6. AS Autosampler LCD Control Panel Display
Ensure that the Loop SIZE V1 volume is changed to 25 uL

19. AS-DV/AS40 or Manual Injector: For systems using an AS-DV or an AS40 Autosampler or
manual injector, install the 25 puL sample loop on the injection valve. Connect the AS40 Load
connector to Relay_1 on integrated systems or to Relay_1 on the pump for modular systems.

Note: All programs using the AS-DV and the AS40 are designed to run with the 5.0 mL vials
(i.e., trigger relay at -2.40 minutes). If 0.5 mL vials are to be used programs will have to be
manually modified to trigger the relay at -1.20 minutes).

If using 5.0 mL vials, 1 Nitrate standards kit (P/N 063541) is needed to complete the OQ or

PQ.
ICS-1600 Rear Panel AS40 Rear Panel
TTL/Relay Connector
RELAY CONTROL
A b g
RELAY o2 ™ S
out e bivadzlaca
— | o ur zE"
TTLour 1o
(+) A viel 57) green
Read]rl
11 @
Load Nulusedhara
TTLIN 2| o @m oa
(*) ile
4 97" Relay Control Cable
TTILGND 1| ©
() 20 e

Figure 7. Remote Control Cabling to AS40 Autosampler

20. Select 100% of Eluent A (water) and a flow rate of 1.00 mL/min. Turn the pump flow on and let
the system equilibrate for a minimum of 15 minutes.

21. NEw TUBING: When running a qualification on a system with new tubing, such as a new
backpressure coil, new sample loop or a complete new system, it is recommended to rinse the
tubing with carbonate eluent before proceeding with the qualification. This can be achieved by
injecting two or three times with 0.5 M Sodium Carbonate solution while running deionized
water at 1.00 mL/min, or by running 9 mM Sodium Carbonate as the eluent for 10 minutes
before rinsing with deionized water for 20 minutes. The latter is recommended for new systems
being qualified for the first time.

When running a qualification on a system configured with electrochemical detection, it is
recommended to rinse the system with 1.0 M hydroxide before proceeding with the
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22.

23.

24,

25.

26.

qualification.To prepare 1.0 M hydroxide, prepare from a 50/50 w/w sodium hydroxide solution
(never from hydroxide pellets), by pipetting 52 mL of sodium hydroxide in water to make 1 L of
solution.

For the AS-AP autosampler pipette the standards from the standards kit vials directly into 1.5
mL or 10.0 mL autosampler vials and place them in the position/order according to table 14
below. For the AS-DV autosampler, pipette the standards from the standards kit vials directly
into autosampler vials and place them in the position/order according to Table 12 below. For
AS, place the vials in the tray, as per Table 11. For the Injector Precision and Carryover
standards transfer the Injector Precision standards prepared in Section 4.3 into 10 autosampler
vials and the Carryover standard into one autosampler vial. To qualify an IC system without an
autosampler, use the AS-DV table for the injection order and inject the samples from the
standards kit ampoules manually.

To qualify an IC system without an autosampler, use the AS-DV/AS40 table for the injection
order and inject the samples from the standards kit ampoules manually.

ICS-3000 INTEGRATED AMPEROMETRY: Cut the label off the vials (included in the ICS-3000 ED
qualification kit) and place the vial directly into autosampler in the position order according to
the table below. Note that even though the main portion of the label has been cut off, the vial is
still properly loaded. For the AS-AP (push mode only) or AS autosampler this will require the 1.5
mL AP-AP tray (P/N 074936) or AS autosampler tray (P/N 062481).

ICS-3000 ELUENT GENERATOR: Double click on the eluent generator to be qualified to view the
properties page for the eluent generator. Select the General page and confirm the Device
Name is “EluentGenerator”. On the “cartridge” tab confirm that the eluent generator is linked to
the pump to be qualified. Confirm that there is a serial number for a KOH or a MSA cartridge. If
a serial number is not available for the KOH cartridge, contact Thermo Fisher Scientific
Technical Support. Connect the EG test box with the ammeter to the EGC_1 or EGC_2
connector.

For systems using an ICS-3000 EG:

a. Disconnect the Eluent Generator Cartridge cable from the Eluent Generator EGC
connector.

b. If installed, disconnect the CR-TC cable from the CR-TC connector.

c. Turn on the ammeter or multimeter and set the display to DC mA. This test requires mA
readings from 0.00 to at least 220 mA.

d. Connect the positive lead of the ammeter to the red post connector labeled “Amps” on
the IC Qualification Test Box (P/N 072005)

e. Connect the negative lead of the ammeter to the black post connector labeled
“COMMON?" on the IC Qualification Test Box.
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Fluke 189/289
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Figure 8. ICS-3000 EG Current Test Setup

f.  From the console in the Thermo Fisher Scientific Chromatography Management System,
go to the navigation pane and select the pump_EluGen_detector panel appropriate for
the system being qualified. Go to Control and select the instruments configured with the
Eluent Generator to be qualified (for Chromeleon 6.7+, click on the Default Panel Tab
set).

g. From the Eluent Generator section of the panel, select the cartridge type to be used. The
panel will recognize previously configured KOH cartridges even though the IC
Qualification Test Box is plugged into the cartridge connector. Do not switch the testbox
settings during operation as this can damage the test box.

27. FLUKE 189/289 MULTIMETER:

a. Install the Fluke 189/289 multimeter or equivalent into the instruments to be qualified.

b. The Chromeleon device driver for the Fluke 189/289 multimeter is included with Chromeleon
7.1 (Fluke 189, 289).

c. Connect the Fluke 189/289 multimeter to the IC Qualification Test Box (P/N 072005) as
described in the important notes of this section

d. The Fluke 189/289 multimeter is only used for systems that will enable automated
downloading of EG current qualification results into the validation reports.

e. To correctly configure the Fluke 189/289 device driver:

i. Connectthe Fluke USB/IR (Rev Il or greater) cable to the computer USB port;
Windows XP will automatically detect and install the USB driver.

ii. Verify through the Windows Hardware Device Manager for the actual COM port
assignment.
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Installed hardware:

B8 1394 Met Adapter -
B 02Micio DZ711EZ1 MemanyCadBus Controller

5 ECP Printer Part LPT1)

(;’f Communications Port [CORMT)

¥ IntelR) Core(TM]2 Dua CPU T7500 @ 2.20GHz

ﬂ Intel(R) Core(TH)2 Duo CPU T7500 & 2.20GHz v

Figure 9. COM Port Assignment

Configure the Fluke 189 or 289 Chromeleon Device Driver in the instruments, save
the instrument configuration file and exit then shut down the Chromeleon Server.

Restart the Chromeleon Server and open the Fluke 189/289 CM device driver.

Select the COM port from the COM drop down selection to match the COM number
assigned in the Windows Hardware Device Manager above then save and exit from
the Chromeleon Server.

f.  Itis recommended that the Power off time out (PrOff) for the Fluke189/289 be set to a value
greater than the time it will take to perform the Operational Qualification to avoid inadvertent

shutdown of the meter which will terminate the OQ or PQ sequence.
g. Ensure that the meter is set to record in ‘DC mA’ (instead of ‘AC mA").

h. See Fluke 189/289 operator’'s manual for instructions on these settings.

IMPORTANT NOTES:

a. lItis important that the Fluke 189/289 multimeter is installed AND connected before
loading the OQ/PQ templates.

b. Follow the instructions in the Chromeleon 7.1 help topics for the installation of the
Fluke 189/289 multimeter Windows USB driver and for the Chromeleon device
driver for the Fluke 189/289 multimeter and the Fluke 189 defaults to DC mA.

c. Follow the Fluke 189/289 multimeter instructions for adjusting the default ‘PrOFF’

setting in the meter. Itis recommended to adjust this parameter to a longer time
(e.g., several hours or more) to avoid having the meter auto power off during your
OQ/PQ test. In the event that the meter is powered off during the qualification testing
the queue sequences will be aborted.

065448 OQ PQ Operating Instructions Part A Rev 7.12 Page 42



ThermoFisher
SCIENTIFIC

Thermo Fisher Scientific ICS-3000 System OQ/PQ User’s Guide

Table 12. AS Autosampler Sample Vial Order
Conductivity Detector with AS Aisr?;?/aggtig':ol:w:ﬁdpi\%de ICSA?r?r(J)(e)rlcTrfgtrr?/ted \Iglc?,l,i-{i?g
Detector with AS for AS
Water Water Water 1
5 ppm Nitrate Std 2
10 ppm Nitrate Std 3
25 ppm Nitrate Std 4
50 ppm Nitrate Std 5
100 ppm Nitrate Std 6
1000 ppm Nitrate Std 7
Empty Vial* 8
Empty Vial* 9
Empty Vial* 10
15 ppm Caffeine Std 11
40 ppm Caffeine Std 12
60 ppm Caffeine Std 13
80 ppm Caffeine Std 14
100 ppm Caffeine Std 15
1000 ppm Caffeine Std 16
Empty Vial* 17
Empty Vial* 18
Empty Vial* 19
----- 20
----- 1 pM Threonine Std 21
----- 2 uM Threonine Std 22
----- 4 pM Threonine Std 23
----- 8 UM Threonine Std 24
————— 10 uM Threonine Std 25
————— 10 uM Threonine Std 26

e Vials only need to be present if the detector listed at the top of the table is to be qualified.

e Users need to reconnect the detectors when using the absorbance detectors.

o Don't forget to add the water vial in position 1 for the ED qualification test.
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Table 13. AS-DV/AS40 Autosampler or Manual Injection Sample Order (Conductivity or
Absorbance Only)

Absorbance or
Qualification Conductivity Detector | Sample Order Photodiode Array Sample Order
with AS-DV/AS40 on AS-DV Detector with AS- on AS-DV
DV/AS40
Warm Up Water Vial 1 Water None
50 ppm Nitrate Std* Vial 2 40 ppm Caffeine Std* Vial 20
50 ppm Nitrate Std* Vial 3 40 ppm Caffeine Std* Vial 21
50 ppm Nitrate Std* Vial 4 40 ppm Caffeine Std* Vial 22
50 ppm Nitrate Std* Vial 5 40 ppm Caffeine Std* Vial 23
) o 50 ppm Nitrate Std* Vial 6 40 ppm Caffeine Std* Vial 24
Injector Precision
50 ppm Nitrate Std* Vial 7 40 ppm Caffeine Std* Vial 25
50 ppm Nitrate Std* Vial 8 40 ppm Caffeine Std* Vial 26
50 ppm Nitrate Std* Vial 9 40 ppm Caffeine Std* Vial 27
50 ppm Nitrate Std* Vial 10 40 ppm Caffeine Std* Vial 28
50 ppm Nitrate Std* Vial 11 40 ppm Caffeine Std* Vial 29
1000 ppm Nitrate Std Vial 12 80 ppm Caffeine Std* Vial 30
Carry Over Water Vial 13 Water Vial 31
Water Vial 14 Water Vial 32
5 ppm Nitrate Std Vial 15 15 ppm Caffeine Std Vial 33
10 ppm Nitrate Std Vial 16 40 ppm Caffeine Std Vial 34
Dletect_or 25 ppm Nitrate Std Vial 17 60 ppm Caffeine Std Vial 35
Linearity
50 ppm Nitrate Std Vial 18 80 ppm Caffeine Std Vial 36
100 ppm Nitrate Std Vial 19 100 ppm Caffeine Std Vial 37

*  AS-DV/AS40 users: Do not use the standard from the standards kit for the Injector Precision and

Absorbance carryover samples; instead, use the standards prepared in Section 4.3 of this manual.

*  AS-DV/AS40 users: ICS-3000 Integrated Amperometry is not supported.
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Table 14. AS-AP Autosampler Sample Order

Water Water BA1

5 ppm Nitrate Std 15 ppm Caffeine Std BA2
10 ppm Nitrate Std 40 ppm Caffeine Std BA3
25 ppm Nitrate Std 60 ppm Caffeine Std BA4
50 ppm Nitrate Std 80 ppm Caffeine Std BA5
100 ppm Nitrate Std 100 ppm Caffeine Std BB1
1000 ppm Nitrate Std 1000 ppm Caffeine Std BB2
Water RAL1

1 uM Threonine Std RA2

2 UM Threonine Std RA3

4 uM Threonine Std RA4

8 UM Threonine Std RAS5

10 uM Threonine Std RA6

10 uM Threonine Std RA7

Note: AS-AP pull mode requires the use of 10 mL vials. Qualification with ED detection is not
supported with AS-AP pull mode.

Note: To run sequences with 1.5 mL vials, it is important to set the puncture offset to 3 mm in
the commands before you start. The puncture offset commands allows the AS-AP to realign the
x-axis of the 1.5m/10 mL vial setting.

065448 OQ PQ Operating Instructions Part A Rev 7.12 Page 45



ThermoFisher
SCIENTIFIC Thermo Fisher Scientific ICS-3000 System OQ/PQ User’s Guide

4.6 OQ/PQ Sequence Installation

For performing OQ and PQ checks in Chromeleon 7.1, it is not required to create and copy the
sequence templates from a Chromeleon CD. An Instrument Qualification Wizard automatically
performs these steps. The wizard creates the sequences to be run. No instrument-specific sequence
templates are created.

If using an AS autosampler configured for seqguential injections, manually put the diverter
valve in the correct position for the Instrument.

Tip: Please note that Chromeleon 7 terminology is different from the terminology used in
Chromeleon 6.80. For detalils, refer to the 'Glossary - Chromeleon 7," which is available in the
Documents folder of your Chromeleon 7 installation.

Go to Tools — Instrument Qualification to open Instrument Qualification Wizard. For this step,
Chromeleon 7.1 must display the instrument pane with the system to be tested selected (Figure 9)
otherwise the error “Instrument not connected” will occur.

&) 1IC5-2100_VWD+AS

E1 1cs-3000_RFIC

&) 1c5-5000_CD+AS-DV
&) 1c5-5000_PDA+AS-DV
£ 1c5-5000_VWD+AS-DV
&) 1cS-5000CIC_ED+AS

k=) TESTING |
!: i
| ﬂ: Data

Q eWorldlows

Figure 10. Instrument Pane for Chromeleon 7.1

mgreate - File Edit View | Tools | Help i

Station Qualification...

&

| Instrument Qualirficatiun...

Customn '.'ariehleﬁ:litcr...
EreferF[ Configure and run tests to qualify an instrument

Discovery Manager...

Figure 11. Starting the Instrument Qualification Wizard for Chromeleon 7.1
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Select the qualification type: Installation (qualification of the installation), Operational (qualification in
the working environment), or Performance Qualification (qualification during routine operation)

Inztrument Gualification Wizard "Q‘) x

Choosze Qualification Type

Select the type of ingtrurment qualification o rn,

— Qualification Type

" {instailation Hualiicahon

Checks the general functionality of wour instrument.

' Operational Qualification

Checks the analytical operation of your instrument.

" Performance Qualification

Checksz the analytical performance of your inztument,

MHext > Cancel

Figure 12. Selecting the qualification type for Chromeleon 7.1

Select the instrument to qualify.
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Instrurment Cualification Wizard @

w

Choosze an Instrument

I
Select the instrument where the qualification will run. f.n:

Ingtrument Selection

Ingtruments:

=[] 4

02_|C5-5000_Dual 1
03_IC5-900450
04_IC5-210
=05 1Cs-2000
0F_LIltibd ate3000_2
07_LItiM ate3000_E asic
08_Ultik ate3000_RS
09_Lltik ate3000_DGP
SWwPM_TEST-CONFIG

<< Back ” Memst »» H Cancel

Figure 13. Selecting the instrument

Click & J to connect the selected instrument to Chromeleon.

A list of sequences (tests) is displayed. The list is adapted to the instrument configuration of the
selected instrument as defined in the Chromeleon Instrument Configuration Manager.
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Inzstrument Guslification Wizard '@J X

Choosze Tests

Select the qualification tezts to un,

[w| Flow rate accuracy and precision of an IC5-3000 or an 1C5-5000 Pump
[w| Current Qualification of IC5-3000 EG Eluent Generator

[ “warm up of an IC5-3000 or an IC5-5000 Analytical spsterm

[w| Moize and Drift of an 1C5-3000 or an 1C5-5000 COD Conductivity Detector
[l Injector precizion

[wl Injectar carmy over

[wl Linearity of conductivity detector

] Lineanty of automated injector for ICS- halytical Conduc

[w| Gradient Accuracy of an IC5-3000 or IC5-5000 Gradient Pump

[ Shutdown of an 1C5-3000 or an [C5-5000 Analtical system

<< Back Mext > Cancel

Figure 14. List of sequences for the selected instrument
Select the sequences that needed for the tests to be performed. Mandatory tests, such as "Warm
up", are shown in the list, but the selection cannot be changed.

On the last wizard page, select a unique name under which the OQ and/or PQ sequence directory for
this instrument is saved.
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Instrument Cuslificstion Wizard @ x

Define a Storage Location

Specify where to store the results.

— Destination

chrom: //shandersonlt/ChromeleanLocal/Instrument DatasACS -5000/Qualification

Browsze... |

<¢ Back | Finizh I Cancel

Figure 15. Selecting the storage location

065448 OQ PQ Operating Instructions Part A Rev 7.12 Page 50



ThermoFisher
SCIENTIFIC Thermo Fisher Scientific ICS-3000 System OQ/PQ User’s Guide

4.7 OQ/PQ Sequence Execution

When the qualification wizard has been completed, the selected sequences are created and are
automatically added to the instrument queue. A progress window shows which steps have been
performed:

&
4

Instrument Gualificstion: Prepare Sequences [

[y Create folder chrom://zhandersonlt/ChromeleonLocal/lnstrument D ata/ICS-5000/Qualification/0Q 21 Oct 2010
m Restoring template =0_CD_Flow_Rate

m Restaring template X0_EG_Curent 4

m Restaring template #0_warm_Up o

m Restaring template <0_C0_Moise_Diift

m Restoring template X0_CD_Ini_Precizion
m Restaring template ®0_CO_In_Camy_Owver
m Restaring template #0_CO_Linearity 4

m Restaring template *0_CD_In]_Linearity
m Restaring template %0_GP_Grad_Accuracy
m Restaring template X0_Stop 4

Hj Agzzigring instrument to all sequences and instument methods

Cancel |

Figure 16. Progress during sequence creation

The Instrument View dialog box will open, displaying the Queue tab. As soon as the queue is
started, Chromeleon runs the sequences. The wizard should copy the sequences to the
destination selected then auto-populate the instrument queue. If the error “Instrument not
connected” appears, make certain that the Chromeleon 7.1 must be displaying the instrument
pane with the system to be tested.

The OQ/PQ qualification tests are performed in the following order:
a. Flow Rate Test

b. Eluent Generator Current Test (only if an EG is present)

c. Warm Up
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d. Wavelength Accuracy

e. Detector Noise and Drift Test

f.  Injector Precision Test

g. Carryover Test

h. Detector Linearity Test

i. Injector Linearity Test (only if an AS or AS-AP is present)

j-  Sample Preparation Precision Test (only if an AS is present with the Sample Prep Option
and the 10 mL Tray Type installed with the conductivity or the absorbance detector)

k. Gradient Accuracy Test (only if an analytical gradient pump is present)
. Column TC and/or Compartment TC

m. Sample Temperature Accuracy of Autosamplers (only for AS-AP Autosamplers)

Note: Test ‘a’ and ‘I’ is done manually and does not require a sequence template. The Instrument
Method will pause before the Eluent Generator Current Qualification Test and the Flow-Rate
Accuracy and Precision Test as these tests require user intervention.
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ICS-5000 on SHANDERSOMLT - =X

i:_} Launch eWworkflow « Smart Skartup + A% Smart Shutdown = Take Control L_J Monitar Baseling _:_‘,5 Command | [ <Autogenerateds -

ICS5000 Home | Pump | DC | €0 | EG | 45 | Audt | Statup’ Queue |

Current Completed
Startup Hame Status Add...
» AChromeleonl ocal/lnstrument D ata ] C5-5000Cualification /00 21 Oct 2010400 COFLOW BATE Pending =
/ChiomeleonL ocal/instrument Date/ICS 5000/0 ualfieation/08 21 Oct 2010/00 EG CURRENT Ferding e
/Chromeleonl ocalflnstiument D ata/C5 5000/ Qualification/0Q 21 Oct 2010/00 wARM UP Pending MoveLp
AChromeleonl ocal/nstument D ata ] C5-5000Qualification/00 21 Oct 2000400 CO NOISE DAIFT Fending
fChromeleonl ocal/Instument D ata/CS-5000/Qualification/00 21 Oct 2000/00 CO kS PRECISION Pending Move Down
fChromeleonl ocal/Instument D atadCS-8000/Qualfication/0d 21 Oct 2000/00 CD 1MW) CARRY OVER Pending
fChromeleonl ocal/Instument D ata/AC5-5000/Fualification/06 21 Oct 2010/00 CD LINEARITY Pending
AChromeleonl ocal/lnstument D ata ] C5-5000Qualification /00 21 Oct 2000400 CD M) LIMEARITY Fending Start ~
AChromeleonl ocal/Instument D st/ CS-5000/Qualification/00 21 Oct 2010/00 GP GRAD ACCURACY | Pending
fChromeleonl ocalflnstument D sta/1CS -5000/Hualification/00 21 Oct 2010/00 STOP Pending Bilos
1 | »
After runhing the queue keep instrument ready - r Keep last zequence queued
Report Setup
™ Print Report Fieport template undefined. Frint Setup— |
™ Export Report Report template undefined. Export Setup | *
Generate ieport at: End aof an injgction -

Emergency Instrument Method

‘when an “Abort” Erar ocours, min this Instrument Method

Feady check result: Successful.

Figure 17. Sequence queue for Chromeleon 7.1

4.8 Evaluating the Test Sequences

The qualification sequences are saved under the path that was selected in the wizard. Each
sequence also includes a separate report template.

To edit the report, open the report and remove the protection (if any) from the SPECIFICATION
sheet. Enter the following information:

Name of the customer and name of the tester
Sample information such as batch number, expiration date, and actual concentration of the standard.
Name of the item that is used to generate the backpressure [default: capillary (L: 15 m; ID: 0.18 mm)]

Do not change any of the other report sheets. The report contains many references between data
sheets. If you insert or delete lines and columns, these references will be lost and the calculations
will be wrong.

To make sure that Chromeleon reads and processes the data in the report correctly, always print the
report from the Chromeleon Console.

In the Data category, right-click the sequence for which you want to print the report, and then click
"Print Report".
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mgreate - | File Edit Wiew Teools Help

Data «
F.!D Instrumert Data -
B-E ©_UtiMate3000
B Audt Trails
B-E Qualfication ——
B-E5 00 30.Jun 2008
-2
-l OQ_DAD_WAVELE Cut
-l OG_INJECTOR_FLQ Copy
-l 0Q_SAMPLER_LIN Paste
-7l 0G_STD_GRAD =
- oa_sTOP Rename
- 00_UV_LINEARITY Delete..
-l 0Q_UV_NOISE_DR =
m OQ_WARM_UP Print Report... .
m-E5 0Q 30 Jun 2009(2) Export.. be
E-E2 0G 30 Jun )
&-E5 06 304un Lock
B-E2) 0Q 30 Jun ) Send Ta...
&3 00 30.4un 2003(6) Show Data Audit Trail...
i o0_CoLUMN_OVE ,
i P OG_DAD_WAVELE e

Figure 18. Selecting Print

Note: For ICS-5000 Inteqgrated Amperometry System: Before executing the sequences, first turn
on the pump flow and the cell current. Click on the “ePanel from the pump tab, start the pump
flowing 50 mM NaOH at 0.25 mL/min. Click on the EC detector tab, Select Cell mode of “IntAmp”,
then click on the Waveform button, use the drop down menu to choose the waveform Amino Acids
(pH/Ag/AgCI Reference), then click on the Exit button. Turn the cell voltage to On.

Note: If an Eluent Generator is configured on the system, the following message may occur at
the Ready Check: “Flow rate not specified at time 0.0, using a flow setting 1.00.” This refers
to the Eluent Generator flow rate, not the pump flow rate. It is not necessary to take any
action since the Eluent Generator is not used for this part of the qualification. Proceed with
starting the queue.

Note: For systems with a shared autosampler there might be a number of informational
messages indicating that “Exclusive Access” has not be acquired or released. This is normal
and occurs because the qualification does not release the autosampler until the qualification
is complete.

Repeating Individual Tests

It may be necessary to repeat individual tests. If so, review Section 6 where problems are described
according to which individual tests might fail. According to Good Laboratory Practice (GLP), all tests
following the one that failed must be repeated. The entire OQ/PQ qualification is designed such that
almost of the performance tests require that the previous one to have passed successfully.

For example, if the test regarding the linearity of a CD detector fails, the results regarding the
linearity of the injector are questionable as the linearity of the detector is a prerequisite for testing the
injector linearity.

065448 OQ PQ Operating Instructions Part A Rev 7.12 Page 54



ThermoFisher
SCIENTIFIC Thermo Fisher Scientific ICS-3000 System OQ/PQ User’s Guide

Table 15. Sequence File Names and description

Sequence Name Check

Pump flow-rate accuracy and precision tests for ICS-3000

XQ_Flow_ Rate or ICS-5000 pumps

XQ _EG_Current Current qualification of an EG Eluent Generator

Current qualification of an Dual EG configuration (ICS-

XQ_EG_Dual_Current 5000 with both EGC configured on one Instrument)

XQ_CD_Noise_Drift Noise and drift test for conductivity detectors
XQ_DC_Amp_Noise_Drift Noise and drift test for DC amperometry detectors
XQ_Int_Amp_Noise_Drift Noise and drift test for integrated amperometry detectors
XQ_PDA_ Noise_Drift Noise and drift test for photodiode array detectors

Noise and drift test for absorbance detectors (excluding
PDA detectors)

Wavelength accuracy test for the VWD and PDA
absorbance detectors

XQ_UV_Vis_Noise_Drift

XQ_Wavelength_Accuracy

Injector precision test for systems with an absorbance

XQ_Abs_Inj_Precision detector

Injector carryover tests for systems with an absorbance

XQ_Abs_Inj_Carryover detector

Injector precision test for systems with an conductivity

XQ_CD_lInj_Precision detector

Injector carryover test for systems with an conductivity

XQ_CD_lInj_Carry_Over detector

XQ_ED Warm_Up Warm-up sequence for ICS-5000 systems with ED detector

Noise and drift test for ICS-5000 amperometry detectors

XQ_ED_Noise_Drift (ED in Integrated Amperometry mode)

Injector precision for ICS-5000 systems with amperometry

XQ_ED_Inj_Precision detector (ED in Integrated Amperometry mode)

Injector carryover for ICS-5000 systems with amperometry

XQ_ED_Carryover detector (ED in Integrated Amperometry mode)

Detector Linearity for ICS-5000 systems with amperometry

XQ_ED_Linearity detector (ED in Integrated Amperometry mode)

Injector linearity for ICS-5000 systems with amperometry

XQ_ED_Inj_Linearity detector (ED in Integrated Amperometry mode)

The sequence turns off the pump and cell for ICS-5000
XQ_ED_Stop systems with amperometry detector (ED in Integrated
Amperometry mode).

XQ_Abs_Linearity Detector linearity test for absorbance detectors

XQ_CD_Linearity Detector linearity test for conductivity detectors

Injector linearity test for systems with an absorbance

XQ_Abs_Inj_Linearity detector
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XQ_CD_Inj_Linearity Injector linearity test for systems with an detector

Injector sample preparation precision test for systems with

XQ_Abs_Samp_Prep an absorbance detector

Injector sample preparation precision test for systems with

XQ_CD_Samp_Prep an conductivity detector

Gradient accuracy and noise test for systems with a

XQ_GP_Grad_Accuracy gradient pump

XQ_CD_Noise_Drift Noise and drift test for conductivity detectors
XQ_DC_Amp_Noise_Drift Noise and drift test for DC amperometry detectors
XQ_Int_Amp_Noise_Drift Noise and drift test for integrated amperometry detectors
XQ_PDA Noise_Drift Noise and drift test for photodiode array detectors

Noise and drift test for absorbance detectors (excluding

XQ _UV_Vis_Noise_Drift PDA detectors)

The sequence slows down the flow rate to 0.25 mL/min to

XQ_Stop conserve eluent for overnight runs
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5 Performing the Qualification

5.1 OQ/PQ Test Order

The OQ/PQ qualification tests are performed in the following order:

1. Flow Rate Accuracy and Precision Qualification

2. Eluent Generator Current Qualification Test

3. Warm Up

4. Wavelength Accuracy Test (only for VWD, and PDA Absorbance Detectors)

5. Detector Noise and Drift Test

6. Injector Precision Test

7. Carryover Test

8. Detector Linearity Test

9. Injector Linearity Test (only for AS and AS-AP autosamplers)

10. Sample Preparation Precision Test (only for AS and AS50 autosamplers with the Sample

Prep Option and 10 mL Tray Type installed with conductivity or absorbance detectors)
11. Gradient Accuracy Test (only for gradient pumps)
12. Column TC and/or Compartment TC

13. Sample Temperature Accuracy of Autosamplers (only for AS-AP autosamplers)
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5.2 OQ/PQ Test Timetable

Table 16. OQ/PQ Test Timetable

Test Method Material Required EqUIII'brat|on Apprqx.
Time Run Time
Flow Rate Accuracy Eluent (water)
and Precision Sequence 15 min 30 min
All pump models Backpressure loop
Wavelength Accuracy
AD?25, ICS Series Sequence | Eluent (water) '-a”.‘ps —2h 6 min
10 min w/pump
VWD
Wavelength Accuracy Lamos — 2 h
PDA-100, ICS Series Sequence | Eluent (water) 1P 6 min
10 min w/pump

PDA
Conductivity Water at : .
Noise / Drift Sequence | 1 o mumin S min 20 min
Int. Amperometry Eluent : .
Noise / Drift Sequence |54 v OH) 5 min 20 min
AS-DV/AS40, Manual
Injector
Warm Up Eluent (water) 1hr. 10
Detector Noise / Drift Sequence | Standards 10 min min
Injector Precision Backpressure loop
Carryover
Detector Linearity
AS-AP, AS
Warm Up
Detector Noise / Drift - Eluent (water)

. o - Standards . 2 hr, 10
Injector Precision Sequence 10 min :

- Backpressure min

Carryover 100
Detector Linearity P
Injector Linearity
AS-AP with Temp.
Control Eluent (water)
Warm Up Standards
Detector Noise / Drift Backpressure loop
Injector Precision Type K ) 2 hr, 55
Carryover Sequence | emperature sensor 10 min min
Detector Linearity Calibrated Digital
Injector Linearity Thermometer
Sample Temp.
Accuracy
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AS with Sample Prep
Warm Up
Detector Noise / Drift Eluent (water)
Injector Precision Sequence 10 min 2 hr, 40
Carryover q Standards min
Detector Linearity Backpressure loop
Injector Linearity
Sample Prep Precision
Test cell
Eluent Gener_a_tor : Sequence ) N/A 16 min
Current Qualification Multimeter
Gradient Accuracy Sequence Eluents 10 min 62 min
Backpressure loop
Fluorescence Noise Lamos — 2 h
and Wavelength Sequence | Eluent (water) 10 mir?w/ um 25 min
Accuracy pump

5.3 Starting the Sequences

%

For AS Autosamplers with the Sequential Injection Option: Before starting any
sequences, first verify that none of the instruments configured on the computer
have “Acquired Exclusive Access” to the autosampler, or column TC, or
compartment TC. If this is the case release the “Exclusive Access” command before
proceeding. Once the qualification sequences begin, the system being qualified will
gain and retain exclusive access to the autosampler, column TC and compartment
TC until the “Stop” sequence is run and “Exclusive Access” is released. “Exclusive
Access” can be released by going to the command function (F8), choosing the
module from the list, and executing the “ReleaseExclusiveAccess” command.

5.3.1 Flow Rate Accuracy and Precision Qualification

The Flow Rate Accuracy and Precision test is designed to qualify the flow rate accuracy and
precision of all pumps.

Thermo Fisher Scientific cannot guarantee tests performed outside the scope of the published
OQ/PQ protocol.

1. Ensure the pump is disconnected from the Chromeleon software. The system should be in hold
mode and a message box displaying “Plumb pump for Pump Flow Rate Accuracy and Precision
Test, press OK to continue" should be visible.

Plumb purmp for Pump Floverate Accuracy and Precision Test, presz OK to continue. ‘ ar, |

2. Stop the pump from the front control panel of the module if it is not already stopped.
3. Locate the backpressure coil. . Use a coil made of 37" of red PEEK tubing (049715).

4. Connect one end of the backpressure coil directly to the outlet of the pump, after gradient
mixers if applicable and the other to port 2 (P) of the injector valve.
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5. Prepare two lengths of black tubing, 0.010 (0.25 mm) ID, of equal length, approximately 12"
(40 cm). Connect one of these lines to port 1 (L) of the injector valve. The tubing connected to
port 1 (L) of the injector valve will be the eluent line that goes to the “sample beaker.”

6. Connect the other line to port 3 (C) of the injector valve. The tubing connected to port 3 (C) of
the injector valve will be the waste line.

7. Run the waste line to a waste beaker and the eluent line to a sample beaker. The plumbing to
the valve should look like the figure below.

SAMPLE IN X
5y __/l _

PUMP IN
FULSE SAMPER]

|
'E FLOW RATE
b '.I MEASUREMENT
4 BACKPRESSURE COIL {~1500 psi)

Figure 19. Plumbing schematic for Pump Flow Rate Test

8. Click OK on the Chromeleon software. The system should reconnect to the module and/or
resume the program in run mode.

9. The program will equilibrate the pump for 15 minutes before starting the test. During this time
eluent flow should pass through the waste line. Ensure that sufficient backpressure is observed
during this equilibration time.

10. Attime 0, the injector will switch to the eluent line.

11. Attime 2.00, the injector will switch back to the waste line and the Chromeleon software will ask
you to “Please weigh the eluent container. Enter results under segment 0. Press OK to
continue." The program will be in hold mode and will wait until OK is pressed before continuing.
Weigh the eluent container, but do not zero the balance used for weighing. Record the weight
as segment 0. Click OK to continue.

Please weigh the eluent container. Enter results under segment 0. Presz OF. to continue. | ]S “

Note: The template for this report is available on the PQ_OQ CD and can be used
for manual data collection and data calculations.

Path: PQ_OQ/IC_Templates/OQ_PQ_Modular_Validation

12. The Chromeleon software will switch the injector back to the eluent line for exactly 5 minutes.
After this time the injector will switch to the waste line and a the software will display the
message “Please weigh the eluent container. Enter results under segment 1. Press OK to
continue". The instrument will be in hold mode and will wait until OK is pressed before
continuing. Weigh the eluent container, but do not zero the balance used for weighing. Record
the weight as segment 1. Click OK to continue.

13. Repeat 12 for segments 2 through 5.

065448 OQ PQ Operating Instructions Part A Rev 7.12 Page 60



ThermoFisher
SCIENTIFIC Thermo Fisher Scientific ICS-3000 System OQ/PQ User’s Guide

14. After the sequence is finished open the Water_FR sample from the Console. Select the Flow
Rate sheet at the bottom of the page and enter the Segment values and room temperature into
the sheet. Save the worksheet by clicking on the Chromeleon Icon on the top left of the User
Interface and select sav . A written or balance printout of the weights should be signed and
dated to accompany data entered on the sheet

J e Save
H Open the save dialog and choose daka
. objects to save,
. Lpen Save All
Tl [mmediately saves &l modified objects
& ions,
- Add withiout questions
l_l Save Sequence As
Lk,
| ; I — Save a copy of the current sequence.
F
Prinit
:I.:llnl
__JI Close

Figure 20. Selecting Save

15. Print the Flow Rate Accuracy and Precision report by clicking on the Chromeleon Icon on the
top left of the User Interface and select print. Choose a printer and press OK to begin printing.
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J N 4 Print i
=" Opens the print dizlog. |
- Open + 4 Quick Print I

=l Irnrnedliakely prints the currenty selected

B document to the defaut printer.

Aad /% Print Preview !
Cpens the print preview vandow,

_~—L‘_ |
H Save i
u:_ng Prinit

‘ﬁ'_f-] Export
|J Close I

Figure 21. Selecting Print

16. If any part of the test does not pass, make the appropriate repair or calibrations and rerun the
test. Refer to Section 5 for troubleshooting assistance.

17. Plumb the system for the remainder of the qualification.

SAMPLE IM

PLIMP I
IFULSE CAMPIR]

i
'K FLOW
| MEASUREMENT

=
ﬁ;?i'. BACKPRESSURE COIL {~1500 psi]
el

RATE

Figure 22. Plumbing diagram, initial equilibration step

18. Ensure the pump is disconnected from the Chromeleon software. The system should be in hold
mode and a message box displaying “Plumb the system for the remainder of the qualification
tests, press OK to continue" should be visible.

a. ICS-3000 Conductivity or Absorbance: Connect the backpressure tubing to the heat
exchanger outlet line. Attach the loop end to the inlet of the conductivity or absorbance cell,
thus bypassing all columns and suppressors.

It is important to connect the Backpressure Loop assembly upstream from the
loop or unusual peak shapes may occur.
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Note: A piece of 0.003” tubing may be used to provide approximately 1500 psi (+
100 psi) backpressure and sufficient delay.

b. 1CS-3000 Integrated Amperometry: Calibrate the reference electrode (see operators
manual), then assemble the ED cell with an AAA certified disposable gold working electrode
(P/N 060082) and mount the ED cell onto the ED detector. Connect the two cell leads
(yellow and blue) to the appropriate ports on the detector. Connect a 24-inch piece of 0.003”
PEEK tubing to port three (C) of the injection valve, connect the other end to the inlet of a
CarboPac PA1 guard (2-mm) column. To the outlet of the guard column connect a small
length (approx 15-cm) of 0.010” tubing. Attach the loop end to the inlet of the Integrated
Amperometry Cell.

Note: When loading the Threonine standards in the AS or AS-AP autosampler, it
may be necessary to cut the label off the Threonine vial for proper fit into the AS or
AS-AP sample tray. For this reason, the concentration has been printed on the
part of the label that will remain on the vial.

5.3.2 Eluent Generator Current Qualification

The Eluent Generator Current Qualification test ICS-3000 EG (single or dual) is configured with
either a KOH or MSA cartridge (or both).

1.

Resume the Chromeleon 6 queue or Chromeleon 7 Queue by clicking OK. This sequence is an
Eluent Generator step gradient. Each step is held until the user clicks OK to continue. There
may be a delay of up to 0.4 minutes between when the Eluent Generator program steps to the
next concentration and when the ammeter or multimeter registers the new milliamp reading.
Record the milliamp reading for each step on a note pad. These values will be entered into the
EG_CURRENT, EG_DUAL_CURRENT or EluGen Current Qualification sheet after the run is
complete. The run time is 11.0 minutes plus pause time.

Note: The template of this report is available on the PQ_OQ CD and can be used
for manual data collection and data calculations.

Template name: OQ_PQ_Modular_Validation

When the run is complete, open the report file by double clicking on the Water_EG sample of
the XQ_EG_Current sequence. Locate the row of sheet names at the bottom of the report and
click on the EG_CURRENT, EG_DUAL_CURRENT or EluGen Current Qualification sheet.

Enter the milliamp readings that were recorded in step 1 for each concentration value in the
EG_CURRENT, EG_DUAL_CURRENT or EluGen Current Qualification sheet. The deviation
and pass/fail results will be calculated automatically.

Print the EG Current Qualification report by clicking on the Chromeleon Icon on the top left of
the User Interface and select print. Choose a printer and press OK to begin printing.
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Add % Print Preview !
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H Save

Figure 23. Selecting Print

5. If any part of the test does not pass, make the appropriate repair/adjustments and rerun the
test. Refer to Section 5 for troubleshooting assistance.

6. To qualify another cartridge, select the new cartridge type in the control panel, add the
XQ_EG_Current, XQ_EG_Dual_Current or XQ_IC_EG_Current sequence to the queue list, set
the status of the Water_EG and Stop samples to single and repeat steps 1 - 4.

5.3.3 Performing the Main Qualification

The main part of the OQ/PQ consists of the tests 4 — 12 of the OQ/PQ Test Order, and this part of the
qualification requires that an absorbance or conductivity detector be configured on the system being
qualified.

If the qualification will be performed using a manual injection valve, use full loop injections and overfill
the loop a minimum volume equal to of 3 times the sample loop volume. Inject standards at the
beginning of each sample in the sequence. There will be a 2.5-minute delay before the sample is
injected. It is advisable to manually edit the programs to replace the 2.5-minute delay with a message
command to hold the system until the sample is ready.

Replace the “-2_.500 Pump_Relay_1.Closed Duration=130.00"line with “~-0.100 Message
"Load the sample into the injection loop, press OK to continue'™

1. The sequences must be installed as described in Section 4.6.
2. The sequences must be set up as described in Section 4.7.

If the queue is not started already go to queue and Edit. Start the gueue. Run times are as
follows:

» Systems with an AS-DV, AS40 or manual injection have a run time of approximately 1h, 10 min.
« Systems with an AS or AS-AP, but no sample prep have a run time of approximately 2h, 10 min.

» Systems with an AS-AP with Injection Temperature Accuracy Test have a run time of
approximately 2 h, 40 min.
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» Systems with an AS and sample prep have a run time of approximately 2h, 40 min.

« Systems with a gradient pump, add an extra 60 minutes to the above times.
At the end of the main qualification the system will automatically stop.

For systems using an Eluent Generator, the program will pause before the Eluent Generator
Current Qualification Test, proceed to section 5.3.2. The program will pause before the Flow
Rate Accuracy and Precision Test, proceed to section 3.3.4 before continuing to step 3.

3.  When the queue is finished, go to the Chromeleon console right click on each completed
sequence present in the qualification, select the Report and Print the report. The Eluent
Generator Current Qualification, Flow Rate Accuracy and Precision Qualification, Column
Heater Accuracy qualification have already been printed.

4. Review the report for Pass/Fail results. If any test does not pass, make the appropriate
instrument repair and/or adjustments and rerun all tests from the original point of failure on.
Refer to Section 5 for troubleshooting assistance.

5.3.4 Column/Compartment TC Temperature Qualification

The column/compartment TC temperature qualification can be used to qualify the temperature
accuracy of the column/compartment TC on an ICS-3000. After completion of all other tests record
the reading on the digital thermometer. See 5.2.5 to set up the Thermocouple on to the digital
thermometer.

Open the Water_ WU sample in the Warm Up sequence from the console. Select the Temperature
Qualification tab at the bottom of the page Enter the measured temperature of the Column TC in the
“Measured Column Temperature” cell and if the Compartment TC is installed, enter the measured
temperature of the Compartment TC in the “Measured Compartment Temperature” cell.

Note: The template of this report is stored in the data vault of the respective
sequence. Please refer to Chromeleon 7 Quick Start Guide on how to access
report templates.

Template name: OQ_PQ_Modular_Validation

If the test does not pass, make the appropriate repair/adjustments and rerun the test. Refer to
Section 5 for troubleshooting assistance.

Print the Column TC Temperature Verification report by selecting “Print” from the File menu. Choose
a printer and press OK to begin printing.

5.3.5 Turning off watermarks in the reports

Some users prefer not having watermarks in the back of the report. The procedure below describes
how to turn off watermarks in the reports. The procedure can only be performed if the user has
sufficient privileges granted by the administration.

1. Go to the Instrument Category
2. In the Chromeleon Console, Go to the Tools menu.

3. Select Administrations Console
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éﬁ Chrormeleon Console

| Create | File Edit  View | Tools | Help

Instruments Skation Qualification. . - 0oy

Inskrument Qualification, .. [
ﬁ arnpler

02_ICS-5000_Dual 1

03_IC5-9004500 | Adrminiskration Consale, ., |‘

04_1C5-2100 : Bme
05 1C5-3000 jManage users, licenses and other administration settingst
(=] | -

0F_Ultik ate2000_2 Yirtual Column Separation Simulatar, .. rurnent Dz
| | H . -
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Figure 24. Selecting Administration Console
4. Select Global Policies within the Administraion Console.

. -
3 . o |5 s
License Manager (ocal) Chromeleon user database policies:

Logon | Password Restrictions | Electronic Signature I LDAP Logon | Client Locking | Versionl

Global Policies
Discovery

& Local Machine ) The box for the user name is blank for each
() Blank logon.

Default User Name For Logon

_ The box for the user name contains the user
© Most Recent User name of the recently logged on user.
The box for the user name contains the user
() Windows User Name name of the curertly logged on Windows
user. But the user name may be changed.

The box for the user name contains the user
(71 Force Windows User Name name of the cumertly logged on Windows
user. This uger name cannot be changed.

Figure 25 Selecting Global Policies

5. Select “Reporting” tab, then uncheck “Print with watermark”
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Figure 26. Selecting reporting

5.3.6 Sample Temperature Accuracy (AS-AP autosampler only)

This section describes how the sample temperature accuracy is determined for the following Thermo
Fisher Scientific autosamplers: AS-AP. For this test, only the autosampler is required. The other modules
of the IC system are not required.

Test Procedure
The following table lists the materials required for performing the test.

Part No. Description Quantity
6820.0010 Type K temperature sensor for P600 thermometers 1
5705.0050A Column Thermostat PQ Kit 1

In addition, a standard polypropylene vial (10 mL) is required. Fill the vial with water (do not cap).

Connecting and Configuring the System

System connections
e Connect the Type K temperature sensor to the P600 thermometer and set the sensor type and
calibration values as described in the instructions for the thermometer.
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Figure 27. P600 Thermometer and theType K Sensor

e Fill an open standard polypropylene vial (10 mL) with water and place it at sample position BC1 if
you have a 10 mL rack or sample position RB1 if you have a small vial rack.
Insert the temperature sensor into the vial at a right angle until the tip touches the vial bottom.

Figure 28. P600 Thermometer with the Type K sensor inserted into the vial
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e Rotate the carousel cover until it closes completely.

Figure 29. Cover closed

e Configuration
Configuration is not required.

e Preparing Chromeleon
To qualify the sample temperature accuracy, select the following sequence:
SAMPLER_TEMP_ACC

Performing the Check

Set the sample temperature to 15 °C. When the nominal temperature is reached, the external
thermometer is used to record the sample temperature over a period of 30 minutes.

Tip: Do not perform any autosampler commands during the test. Moving the needle arm or carousel
may damage the thermometer or autosampler.

Duration
The test takes approximately 45 minutes.

5.3.7 AS-AP pH and Conductivity Qualification

This section describes how the sample pH and conductivity accuracy is determined for
the following Thermo Fisher Scientific autosampler: AS-AP. For this test, the autosampler and
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other modules of the IC system are required. Please refer to the operator manual for pH and
conductivity detector set up. The pH qualification should be performed after the standard
qualification. The AS-AP pH and conductivity qualification will be set up in push mode only.

mgreate - File Edit View | Tools | Help -@
Station Qualification...

| Instrument Qualirficatiun...

Customn '.'ariehleﬁ:litcr...
EreferF[ Configure and run tests to qualify an instrument

Discovery Manager...

Figure 30. Instrument Pane for Chromeleon 7.1

0OG for pH/Conductivity accessory requires appropriate syringe and buffer loop. Consult manual for details.

Figure 31. Starting the Instrument Qualification Wizard for Chromeleon 7.1

»w

Instrument Cualification Wizard

®

Choose Special Tests ..-
Select either the standard instrument qualifcation tests or special tests. r.‘:

Qualffication Tests

" General

Performs general checks for instrument qualification.

Performs special instrument qualfication tests that need user interaction.

[ «<Back ][ MNew> |[ Cancel

Figure 32. Select special for the Qualification Tests

065448 OQ PQ Operating Instructions Part A Rev 7.12 Page 70



ThermoFisher

SCIENTIFIC

Thermo Fisher Scientific ICS-3000 System OQ/PQ User’s Guide

| Instrument Qualification Wizard

@ x |
Choose Tests s
Select the qualfication tests to run. ..-{
PH/Conductivity Accessory with Modular System
[ «<Back |[ Ned>> ][ Cancel |

Figure 33.The pH/ Conductivity Tests will be selected if the instrument is configured correctly.

| Instrument Qualification Wizard

@ x |
Define a Storage Location =
Specify where to store the results. L-;
Destination
chrom://icts-dell3/ChromeleonLocal /Instrument Data/ICS-5000_ASAP./Qualfication
Browse.
<<Back || Fnish | [ Cancel
Figure 34. Select finish
# | Chromategram b | Name Type Level Position Welume [ul] | Instrument Method Processing Method
1 |Maone E WARMUP EBlank ol RA1 100.0000 | WARMUP “alidation
2 | None E pH_OFFSET_CALIER.. : Blank o RA1 100.0000 | pH7_CALIBRATION Yalidation
3 |Mone E pH_SLOPE_CALIBR.. : Blank o RA2 100.0000 | pH4_CALIBRATION Validation
4 | Mone E pH_SLOPE_CALIER.. : Blank 1] RAZ 100.0000 | pH10_CALIBRATION Validation
5 |Mone E pH_VERIFICATION(p.. : Blank 1] RA1 100.0000 ;| pH_MEASUREMENT Validation
E |Mone E pH_VERIFICATION(p.. : Blank (1] RAZ 100.0000 | pH_MEASUREMENT “alidation
7 | None E pH_VERIFICATION(p.. : Blank (1] RA3 100.0000 | pH_MEASUREMENT “alidation
& |None E CD_CALIBRATION Blank o a4 100.0000 | CD_CALIBRATION Yalidation
9 |MNone E CD_MEASUREMENT... © Blank 1] RAS 100.0000 | CD_MEASUREMENT  : Validation
Figure 35. Sequences
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Performing the Check
1. Fill the vials according to the table below.

Table 17. OQ/PQ Test Timetable

Qualification Standard Sample Order on AS-P
pH Measurement pH OFFSET Calibration RAL
pH Measurement pH Slope Calibration RA2
pH Measurement pH Slope Calibration RA3
CD Calibration Blank RA4
CD Measurement Conductivity Standard RA5

2. Start the sequence.

3. A pop out screen will remind the user toconfigure the AS-AP with the 5mL syringe and the
8500 pL buffer loop before the qualification begins.

QG for pH/Conductivity accessory requires appropriate syringe and buffer loop. Consult manual for details.

Figure 36. Reminder Screen

Duration
The test takes approximately 1 hour.
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5.3.8 Qualification Comments

The comments section of the report is provided as a place to record any comments, test failures, or
configuration changes that occur during the qualification.

To use the comment section, open the Water_WU sample in the Warm Up sequence from the
console. Select the Comment tab at the bottom of the page, turn on layout mode and enter any
comments. This page can also be printed and comments entered manually.

Note: The template of this report is stored in the data vault of the respective
sequence. Please refer to Chromeleon 7 Quick Start Guide on how to access
report templates.

Template name: OQ_PQ_Modular_Validation

5.4 What to do if a Test Fails

If at any point the instrument results do not pass within Thermo Fisher Scientific specified limits, the
instrument must be serviced. See Chapter 6 for troubleshooting assistance. When the repair is
complete, rerun all tests from the original point of failure on in the sequence. All actions for failures
and repairs should be recorded on the “comments” report. For example, if the instrument passes
tests 1, 2, and 3 and fails test 4, make the appropriate repairs, record the action, and then repeat
tests 4 — 12 only.

When rerunning the tests, restart the Instruments OQ or Instrument PQ procedure from the
Qualification menu and uncheck all passed tests prior to the test that failed. All tests after the test
that failed should be left checked even if they have previously passed. The Warm Up sequence is
always required and must be rerun.

5.5 0OQ/PQ Completion

5.5.1 Customer Review
1. The printed results should be reviewed by the instrument owner/user.

2. When the qualification is accepted, both the Customer and Qualification Executor need to sign
the printed reports.

3. Fill out the Qualification Stickers and Certificates of Functional Performance for the qualified
modules.

4. Make a copy of the certificates for FSR qualification, multimeter if used, temperature probe if
used, and original standard certificate(s).

5. Place the reports and certificates into the binder provided in the OQ/PQ kit and leave it with the
customer.

5.5.2 Accuracy of Reports

In accordance with Good Laboratory Practice (GLP), calculations used to determine the results in the
printed reports use more significant figures than those shown and are rounded down for the final
report. When reproducing the calculations by hand it may be necessary to obtain numbers from the
reports after increasing the number of displayed significant figures.

The number of displayed significant figures can be adjusted through the report publisher. Open the
sequence containing the samples for the test being examined and double click on a sample. The
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sample data should be shown. Under the View menu choose Printer Layout to open the report.
Highlight the numbers being used for the hand calculations, click on the Format menu and select
number. The number of digits displayed can be increased by changing the number type; for
example, entering 0.00000 into the Type field will increase the number of displayed decimal places
to 5. Always use more significant figures for hand calculations than is shown in the printed
report.

5.5.3 Returning the System to the Original Configuration

1.

If the Signal factor was modified in the system preparation, or a module was renamed it must be
set back to its original value. Open the Chromeleon Instrument Configuration application.
Double click on the detector/s that were qualified to view the properties page. Select the
Signals page to change the factor back to the original value and the General page to change
the name back to the original value. Exit the properties page and save the configuration.

Disconnect the Backpressure Coil and restore the system plumbing to its original configuration
with the appropriate columns, suppressors, and Eluent Generator in line.

Remove the sample loop and reinstall the original sample loop back onto the injection valve. For
systems using an AS Autosampler, go to the Main Menu on the front panel of the autosampler.
Access the Module Set Up screen and then go to Plumbing Configuration. Change the
sample loop size back to its original value.

Reconnect the original eluents to the pump and prime each line individually to purge the eluents
used in the OQ/PQ tests.

Flush the system with an eluent recommended by the customer and confirm that there are no
leaks.

065448 OQ PQ Operating Instructions Part A Rev 7.12 Page 74



ThermoFisher

SCIENTIFIC Thermo Fisher Scientific ICS-3000 System OQ/PQ User’s Guide

6 Troubleshooting

6.1 General Hints

If the system pressure is above 2000 psi after connecting the PEEK Backpressure coil with a flow rate
of 1.00 mL/min, the coil has a blockage. Re-cut the ends of the coil or replace it.

Dips before or after the main nitrate or caffeine peak indicate extra dead volume in the system. This is
caused by small voids between the end of a liquid line and the bottom of the port. Individually
disconnect each line from the injection valve to the detector cell. Push the ferrule and fitting up and
away from the end of the tubing. Make sure the tubing is cut straight. If the end of the tubing is not cut
straight, re-cut the end. When reinstalling all liquid connections, first insert the tubing all the way into the
port until it touches the bottom. Hold the tubing in this position while inserting and tightening ferrule and
fitting down into the port.

6.2 Failure of Individual Tests

6.2.1 Conductivity Detector Tests

Test

Reason

Action

Baseline Noise

Poor water quality

Air bubbles in flow cell

Cell temperature regulation failure

Replace with an alternate water
source

Flush out flow cell

Replace cell

Drift

System not equilibrated
Lab temperature not stable

Water not degassed

Allow longer flush/equilibration
time

Regulate temperature (block
vents, close windows, etc.)

Degas water or turn degas unit
onto “Always On” setting.

Detector Linearity

Concentration of standards is
incorrect

Liquid leak

Injection volume not consistent
(manual injections only)

The peak height of the sample
with the highest concentration is
not in the linearity range

specified for the detector, i.e.,
usually > 1500 mAU (for

Thermo Fisher Scientific and PDA

detectors).

Obtain new fresh standards

Find and repair source of leak

Overfill sample loop at least 4x
when loading

Reduce the injection volume for
all samples used for the detector
linearity check so that the peak
height of the sample with the
highest concentration is in the
linearity range of the detector,

i.e., usually < 1500 mAU.
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6.2.2 Pump
Test Reason Action
Gradient Ste Air in system Prime pump — prime each eluent
P line individually for 3 — 5 minutes,
Accuracy

System not equilibrated

Old eluent in vacuum degas chamber

Incorrect eluent concentration for
eluent B and D

Pump eluents might need to be
pressurized

Eluent bottles not vented
Pump is not primed

Eluent lines not conditioned with new
eluent

flush system

Allow longer flush/equilibrium
time

Prime pump — prime each line
individually for 3 — 5 minutes

Remake 0.3% Acetone, 1 mM
KCI solutions or 8.3 uM glucose
in 50 mM NaOH

Pressurize eluent bottles with 5
psi helium or nitrogen

Vent eluent bottles
Prime the pump

Prime all 4 eluent lines for at
least 15 minutes

Step Noise (ripple)

Air in system

Air in flow cell

System not equilibrated

Check valve or piston seal failure

Void time from pump to detector too
long or short

Prime pump, flush system

Flush flow cell with iso-propyl
alcohol, ensure adequate
backpressure on flow cell

Allow longer flush/equilibrium
time

Replace check valve/piston seal

Adjust tubing length accordingly

Flow Rate Accuracy
and Precision

Flow rate out of calibration

Re-calibrate the flow rate of the
pump
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6.2.3 Autosampler

Test

Reason

Action

Injector Precision

Air injected from vial or from sample
syringe when doing manual injections

Air bubbles in AS sample syringe

Liquid leak in autosampler or injection
valve

Poor water quality in flush reservoir

Too little sample volume in vial —
refill vial or flush bubbles out of
injection syringe

Flush out syringe

Find and repair source of leak

Change water and flush sampler
fluidics

Injection Volume

Detector failure

See Detector linearity
troubleshooting section

Liquid leak in autosampler or injection
valve

Poor water quality in Sample Prep
reservoir

Linearity ) ) )
Defective sample syringe Replace sample syringe
Contaminated injection valve Replace injection valve rotor and
stator face
Contamination in autosampler Elush/replace autosampler liguid
lines
Carryover
Use new sample vial for
Contamination in sample vial or in deionized water blank, rinse vial
syringe used for manual injections thoroughly before using, flush
syringe or use a new one
Air injected from vial Top I|§tle sample volume in vial,
refill vial
Air bubb_les in AS sample syringe or Flush out syringe
prep syringe and tubing
Sample Prep . . .
Precision Defective prep syringe Replace prep syringe

Find and repair source of leak

Change water and flush sampler
fluidics

Tray Temperature
Accuracy

Thermometer not calibrated

Calibrate Thermometer
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6.2.4 Integrated Amperometry Detector Tests

Test

Reason

Action

Baseline Noise

Electrochemical cell not connected
properly

Electrochemical cell defective

Reconnect test cell cable to
amperometry cell connection on
SP board

Replace DWE, reference
electrode or electrochemical cell

Drift

Detector not equilibrated

Lab temperature not stable

Allow longer equilibration time

Regulate temperature (block
vents, close windows, etc.)

6.2.5 Eluent Generator (ICS-3000 EG)

Ammeter or multimeter on wrong
setting

Quialification Test box defective

Test Reason Action
Reconnect test cell cable to the
Quialification Test box not connected Eluent Generatclnr, conﬂ:m d
roperly ammeter ormu tlmeter eads are
P making contact with test cell
wires
Current

Ammeter or multimeter should
be set to read current (mA).
Range should be set to view
0.00 to 300.00 mA

Replace Qualification Test Box

6.2.6 Column Thermostat

Test Reason Action
Co!umn Compartment not Recalibrate the Column Heater
calibrated
Temp_erat_ure Thermometer not calibrated Calibrate Thermometer
Qualification
Thermometer not fitted in column Fit thermometer in column
compartment correctly compartment correctly

065448 OQ PQ Operating Instructions Part A Rev 7.12

Page 78




ThermoFisher
SCIENTIFIC Thermo Fisher Scientific ICS-3000 System OQ/PQ User’s Guide

7 Example Report

Please refer to the ICS-5000 example reports
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1 Introduction

Operational and Performance Qualification are becoming increasingly important to analytical
laboratories. Documented evidence must be provided to demonstrate the integrity of data collected
and qualify the results obtained on laboratory instrumentation.

The following institutes set and control industry instrumentation standards:

NIST The National Institute of Standards and Technology is an administrative body of the US
Department of Commerce. Together with the industry, the NIST develops new technologies and sets
technological standards countrywide. Thermo Fisher Scientific includes NIST traceable standards as
part of the qualification kit.

ASTM The American Society for Testing and Materials sets technical standards and rules for the
industry worldwide, specifically; E 1657 — 98: Standard Practice for Testing Variable-Wavelength
Photometric Detectors in Liquid Chromatography. E1511 — 93: Standard Practice for Testing
Conductivity Detectors used in Liquid Chromatography. E19.09.07: Proposed Standard Practice for
Evaluation of Gradient HPLC pumps — Draft.

USP The United States Pharmacopeia (USP) is an official public standards—setting authority for all
prescription and over—the—counter medicines and other health care products manufactured or sold in
the United States. USP establishes documentary and reference standards to ensure quality analytical
instrument qualification process.

These standards are written in broad terms to make them as widely applicable as possible. All
stipulate general requirements specifying instruments must be fit for purpose, technically checked in
defined periods, calibrated and make sure that test results are documented according to international
guality standards. The OQ/PQ procedure used to qualify Thermo Fisher Scientific lon
Chromatography Systems meets the requirements established by NIST, ASTM and USP.

This OQ/PQ procedure provides qualification testing for ICS-1000, ICS-1100, ICS-1500, ICS-1600,
ICS-2000 and ICS-2100 systems including additional components from the table in section 1.6.

OQ/PQ results can be influenced by unusual laboratory conditions. For example, direct sunlight and
close proximity to air conditioning ducts will cause thermal irregularities that will affect baseline drift
on conductivity detectors. In these cases, it may happen that the manufacturer’'s specifications are
not met. Ensure that the instrument is operated in suitable environmental conditions or for PQ, the
specifications may be adjusted accordingly.

All OQ/PQ activities must be formally recorded, all instruments must be clearly identified, and test
reports and supporting documentation must include the following information:

e Module name, type and serial number
e Software and firmware version

e Testdata

e Service interval

e Signature of the Thermo Fisher Scientific Service Engineer/Qualification Executor who performed
the OQ/PQ

e Signature of the customer who reviewed and accepted the OQ/PQ results
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1.1 How to Use This Manual

It is essential that the operator read and understand this manual completely before implementing any
OQ or PQ process.

1. Use the table of contents to determine which tests are required for the system to be qualified
and refer to the recommended sections. This will help keep track of what steps to follow during
system setup and preparation. It will also aid in selecting the appropriate sequences to run the
tests.

2. Use the Table of Contents and the List of Tables as reference guides to locate information
quickly.

The electronic version of the OQ/PQ operator’'s manual contains numerous hypertext links that
can take you to other locations within the file. These links include:

* Table of contents entries

* Cross-references (underlined in blue) to sections, figures, tables, etc.

Chapter 1 Introduction

Introduces the conventions used in performing OQ/PQ with the 1CS-1000, ICS-1100, ICS-1500,
ISC-1600, ICS-2000 and ICS-2100; including the basic requirements, industry standards and manual
summary.

Chapter 2 Overview of the Tests
Provides an overview of the tests available to be performed.

Chapter 3 Explanation of Test Procedures
Describes the theory behind each test, describes OQ/PQ operating procedures and evaluation.

Chapter 4 Qualification Preparation
Provides step by step preparation instructions for the OQ/PQ software, hardware installation and the
details of the materials in ship kits.

Chapter 5 Performing the Qualification
Provides detailed operating instructions on how to perform OQ/PQ including test order, time table,
sequence initialization and troubleshooting.

Chapter 6 Troubleshooting
Lists problems and presents step-by-step procedures for how to isolate and eliminate the cause of
each problem.

Chapter 7 Example Report
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1.2 List of Tables

Table 1. ICS-1000/1100/1500/1600/2000/2100 and Chromeleon Compatibility ...........cccccooeiiiiiieiierinnins 10
Table 2. OQ/PQ SpPEeCIfiCatioN LIMILS ....c.ciieiiiiiiieeeiiiiiiiie et e e s e s e e e e e e s s e e e e e e e s s srn e e e e e e e s snnnnnneeeeeeenanns 11
Table 3. Components of OQ/PQ Kit, P/N 083540 .........ueiiiiiiiiiiiiiiieia ettt ee e e vabeeee e e e e 20
Table 4. Required Kit fOr ICS CONfIQUIALIONS........ccciiiiiiiiieii e s e e e e e e e e s s e e e e e e e e anns 20
Table 5. Additional Materials NEEUEM ..........ccviiiiiiiiieii e nnne e 22
Table 6. AS/AS50 Autosampler SAMPIE OFUEN ...t e e e e e e e e 29
Table 7. AS-AP Autosampler SAmMPIE OFGEr.......iueciiiieiiiieeee e e e e e e e e e e s s e e e e e e s ssnnnnreereeeeeeanns 30
Table 8. AS/ AS50 Autosampler SAMPIE OFEN ...........uieieiiie ettt e e rabe e e e e e e 31
Table 9. Sequence File Names and deSCrPLION .......c..viiiiiiie i e e e e e s s rnnrer e e e e e e e anns 41
Table 10. OQ/PQ Test TImetable ..., 44
Table 11. OQ/PQ Test TImetable ..., 57
Table 11. Troubleshooting Conductivity Detector Test FaIlUre.........ccccovviiiviiiieeee e sesieeee e e 61
Table 12. Troubleshooting PUMP TeSt FAIIUIE.........oouuiiiiiiie e 62
Table 13. Troubleshooting Autosampler TSt FaIlUIe..........ccooiiiiiiiiie e e 62
Table 14. Troubleshooting Eluent Generator TeSt FailUre............uueiiiiiiiiiiiiiiiieee e 63
Table 15. Troubleshooting Column Heater TeSt FaIlUre..........cccvviiiiiee i 63

1.3  List of Figures

Figure 1. NOISE CalICUIALION .....cciii ittt e ettt e e e e e e sbb b e e e e e e e e e e sannbaneeeaans 15
Figure 2. DIift CalCUIALION. .......ciii ettt e e e et e e e e e e s bbb b e e e e e e e e e snbbaaeeaaaas 16
Figure 3. Plumbing diagram, initial equilibration SteP ..........ueevieeiiiiiiieiieie e 25
Figure 4. AS-AP Instrument CONfIQUIATION...........uuiiiiiiai e e e e e e e eee e e e s 26
Figure 5. AS Autosampler LCD Control Panel DiSPlay ...........ceveeeiiiiiiiiiieie e iisiiieir e e s sssieieeee e e e e s snninneeeeees 26
Figure 6. Remote Control Cabling to AS40 AULOSAMPIET .....cciiiiiiiiiiiie e 27
Figure 7. IC Qualification Test Box and Fluke Multimeter Setup ... 28
Figure 8. Instrument Pane for Chromeleon 7. 1. .. ...t e et e e e e e e e e 32
Figure 9. Starting the Instrument Qualification Wizard for Chromeleon 7.1 .........ccccccoiiiiiiiii i, 32
Figure 10. Selecting the qualification type for Chromeleon 7.1 ........ccuvveeiieeii i 33
Figure 11. Selecting the INSITUMENT ........ooi e e e e e e e e e e e e e snnbaeeeaaans 34
Figure 12. List of sequences for the selected INStTUMENT ...........coiiiiiiiiiiie e 35
Figure 13. Selecting the Storage l0CatioN..........c..uuiiiiie e a e e e e e e e s snrreeeeees 36
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Figure 14. Progress during SEQUENCE CIEALION .......cuiieeiiiiirrieeeeeeeiesiiteeeeeeesessssnteeesaeesssasssereeeeeeesssnssnseeseees 37
Figure 15. Sequence queue for ChromMElEON 7. 0. ...t 39
T T T A G TS 1= (= o T T SO 40
Figure 17. Plumbing schematic for PUmp FIOW Rate TeSt.......ccciiiiiiiiiiiie e ee e 46
FIQUIE 18. SEIECLING SAVE ......eeeiiiieiiiiit ittt e e e ettt e e e e e ek bebe et e e e e e s s nbbbbeeeaaeeeeannbbaneeaaans 47
T T T K ST (= o T T S a7
Figure 20. Plumbing schematic for OQ/PQ Performance Tests after Pump Flow Rate Test................... 48
T T 2 1= (o o T T SO 49
Figure 22. Selecting AdmINIStration CONSOIE ..........oiiiiiiiiiiiie e e e e aeee e 51
Figure 23. Selecting GloDal POICIES ........oiiii ettt e e e e e e eeee e s 51
T [ (I ST (oY o TR =Y o T 1 o S 52
Figure 25. P600 Thermometer and the TYPE K SENSOK .........uiiiiiiiiiiiiiiieee ettt 53
Figure 26. P600 Thermometer and the TYPE K SENSON ........uuiiiieiiiiiiiiiiieee e sereer e sssreee e e e e s e snnaneeeeees 53
Figure 27. Temperature sensor inserted iNt0 the Vial ............cooiiiii e 54
Figure 28. Temperature sensor inserted int0 the Vial ............coiieiiiiiiiie e 54
Figure 29. Instrument Pane for Chromeleon 7.1 .......oooo it e e e e e e s e e 55
Figure 30. Starting the Instrument Qualification Wizard for Chromeleon 7.1 ........ccccceiiiiiiiiie i, 55
Figure 31. Select special for the Qualification TESIS........ccvuuiiiiie e 56
Figure 32.The pH/ Conductivity Tests will be selected if the instrument is configured correctly. ............... 56
FIGUIrE 33, SEIECE fINISN...cc e e e e e e e e e e e e e s st e e e e e e e e nnnrnnreeees 57
(o [ 7 ST =T o [ [=T o (o L TSR PRSPPI 57
FIQUIE 35. REMINUET SCIEEN ..ottt ettt ettt e e e e e s e bbb et e e e e e e e s b bbb e e e e e e e e e snnnbaneeaaans 57
Figure 35. Final valve plumbing didgram .........c..uueiiieiiiiiier s r e e e e e e e e e e snraae e e e e s 59

1.4 Operational Qualification (PQ)

According to “The Development and application of guidance on equipment qualification of analytical
instruments” by P. Bedson and M. Sargent [Accred. Qual. Assur. (1996) 1: 265 — 274] the following
definition applies:

“The purpose of OQ is to prove and document that an analytical system functions according to its
operating specification while the specific environmental conditions are taken into acco80unt. In this
specification, the supplier has therefore to define exactly the conditions that must be observed.”

OQ should be performed after initial system installation or when an additional new module is added
to an existing system. OQ should be done according to the instructions outlined in this manual and
all tests should be performed by a qualified Thermo Fisher Scientific Service Engineer. Any hand-
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written notes made during the performance of the tests must become part of the test results, in
accordance with Good Laboratory Practice (GLP) and current Good Manufacturing Practice (cGMP).

1.5 Performance Qualification (PQ)

According to “The Development and application of guidance on equipment qualification of analytical
instruments” by P. Bedson and M. Sargent [Accred. Qual. Assur. (1996) 1: 265 — 274] the following
definition applies:

“The purpose of PQ is to prove and document that an analytical system functions according to a
specification that is suitable for the system'’s routine operation. A system is subject to wear when
being operated. Thus, it may happen that the supplier’s specification is no longer met. This means:
The test procedures used for OQ are also used for PQ, but the tolerances of PQ are less restrictive
than those for OQ. Using the same test procedures simplifies the handling.”

PQ should be performed at regular intervals after the initial installation and OQ. Thermo Fisher
Scientific recommends performing PQ every six months. PQ should be done according to the
instructions outlined in this manual and all tests should be performed by a qualified Thermo Fisher
Scientific Service Engineer. Any hand-written notes made during the performance of the tests must
become part of the test results, in accordance with Good Laboratory Practice (GLP) and current
Good Manufacturing Practice (cGMP).

1.6 Basic Requirements for Successful OQ and PQ

It is recommended that the most current revision of the OQ/PQ software templates is used in order
for a qualification to be considered valid. It is the responsibility of the qualification engineer to
determine the most up to date revision of the templates available and ensure that revision is used
before proceeding with this qualification or if the customers SOP require an earlier OQ/PQ version to
be used.

It is recommended that the qualification be performed using the most current Chromeleon® service
pack version (Contact Thermo Fisher Scientific Technical Support for current version).

It is recommended that the qualification be performed using the most current firmware version for
each system or module (Contact Thermo Fisher Scientific Technical Support for current version).

Operational Qualification and Performance Qualification are system-specific test procedures. The
procedures described below are valid for IC systems comprised of the following equipment (only one
type of detector and one pump can be qualified concurrently):

Pump: ICS-1000, ICS-1100, ICS-1500, ICS-1600, ICS-2000 or ICS-2100.
Manual injection or any of the following autosamplers: AS, AS-DV, AS40 or AS50.

AS-AP (push or pull mode) autosampler 10 mL vial trays (P/N 074938): with ICS-1100, 1600 and
2100.

Conductivity detector: detector integrated into ICS-1000, ICS-1100, ICS-1500, ICS-1600, ICS-2000,
or ICS-2100.

Eluent Generator: ICS-2000 or ICS-2100
Absorbance detector: AD25, ICS Series VWD or ICS Series PDA.
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Table 1. 1CS-1000/1100/1500/1600/2000/2100 and Chromeleon Compatibility

Module Minimum Chromeleon Software Version
AS-AP 7.1 SR1
AS 7.1 SR1
AS-DV 7.1 SR1
ICS-1000/1500/2000 7.1 SR1
ICS-1100/1600/2100 7.1 SR1
FLUKE189/289 7.1 SR1
ICS Series VWD 7.1 SR1
ICS Series PDA 7.1 SR1
AD25 7.1 SR1

It is possible to qualify modules in systems that include modules that are not listed here; however
some modification of the included programs may be required. Such modifications are not within the
scope of this document.

It is not possible to qualify multiple detectors on a single system, with the following exceptions: Two
ICS-1000, ICS-1100, ICS-1500, ICS-1600, ICS-2000, ICS-2100 systems can be qualified
simultaneously when used with an AS50 (USB version), AS-AP autosampler (with a 5000 pL
injection syringe) or AS autosampler (with a 5000 or 10,000 pL injection syringe). Simultaneous
injection does not support partial loop injection by the AS or AS-AP autosampler. To qualify the AS-
AP or AS autosampler with the injector linearity test (partial loop injections) a 250 pL injection
syringe is required. The buffer size should always be set at 1200 pL.

065448 OQ PQ Operating Instructions Part B Rev. 7.11 Page 10



ThermoFisher

SCIENTIFIC

Thermo Fisher Scientific ICS-1000/1500/2000 & ICS-1100/1600/2100 System OQ/PQ User’'s Guide

2 Overview of the Tests

The following table provides an overview on the parameters to be tested and the limits recommended

for OQ and PQ.

e Template sequences (with programs specific to the Instrument Configuration are generated
based on the master sequence of the OQ/PQ templates and the system configuration in the IC

Instrument.

e The sequences are copied from each test that is performed on the same system.
e The Chromeleon software will automatically create a default unique name and directory to contain all
template sequences.
e Do not alter the test sequence order.
e Note: The instrument’s specifications can only be met if the conditions that are described in the
accompanying manual are strictly observed.

Table 2. OQ/PQ Specification Limits

o Limits
Instrument Parameter Description 00 PQ
Flow Rate ASTM Type | deionized water with 1.00 £ 0.05 1.00 £ 0.05
Accuracy low total organic carbon (TOC)* water mL/min mL/min
is pumped at a flow rate of 1.00
ICS-1000/1100 mL/min into a weighed beaker for
ICS-1500/1600 exactly 5 minutes. The mass of the
ICS-2000/2100 water is measured, the flow rate of
Pump Flow Rate the pump calculated and compared <2 0% <2 0%
Precision with the theoretical value. This - -
experiment is repeated four more
times.
Baseline Noise | ASTM Type | deionized water with 1.0nS 2.0nS
low total organic carbon (TOC)* is
Baseline Drift | Pumped through the detector at a flow 10.0 nS/hr 20.0 nS/hr
ICS-1000/1100 rate of 1.0 mL/min
ICS-1500/1600 5 Nitrate standard solutions OQ/PQ
ICS-2000/2100 standards kit P/N 063540 are injected
Conductivity in increasing concentrations.
Detector Detector Concentration (ppm) and peak height r 20.999 r 20.999
Linearity (US) are represented on a graph. The RSD <5.0 % RSD <5.0 %
correlation coefficient of the resulting
line and the deviations from it indicate
the linearity.
1CS-1000/1100 The column heater is set to 4(.).°C for
. ; the duration of the entire qualification.
(With optional e
column heater) Temperature At the end of the qualification the .
LA temperature of the column heater is +20°C +25°C
ICS-1500/1600 Verification . .
ICS-2000/2100 measured with a calibrated ex'FernaI
thermometer and compared with the
theoretical value.
*ASTM Type 1 Deionized water Total Organic Carbon Specification: <50 ppb.
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Instrument Parameter Description Limits
oQ PQ
The eluent generator is commanded to
produce a series of different
concentrations (using the current (mA)
ICS-2000/ICS- Current cartridge type configured with a
2100 EG e L concentration range between 0 mM to | OQ_PQ_Integrated_Validation
Qualification

100 mM). At each EG concentration
setting the current produced by the
eluent generator is measured and
compared with theoretical values.

*ASTM Type 1 Deionized water Total Organic Carbon Specification: <50 ppb.

Instrument Parameter Description Limits
oQ PQ
Baseline ASTM Type 1 deionized with low total
Noise organic carbon (TOC) * water is pumped 0.04 mAU 0.10 mAU
through the detector at 1.0 mL/min.
Baseline Observed wavelengths are set for
Drift simultaneous monitoring at 254 nm and 520 0.5 mAU/hr 1.0 mAU/hr
nm
Wavelength Holmium oxide maxima are compared with +2nm +92nm
PDA-100, Accuracy the theoretical maxima. - -
ICS-Series PDA . .
5 Caffeine solutions from the OQ/PQ
standards kit P/N 063540 are injected in
different concentrations. The absorbance is r 0.999
Detector measured at a wavelength of 272 nm. RSD <5.0% r 20.999
Linearity Concentration (ppm) and peak height (mA) RSD <5.0 %

are represented on a graph. The correlation
coefficient for the resulting line (and the
deviations from it) indicates the linearity

(up to 1.5 AU)

(up to 1.5AU)

Baseline Noise

ASTM Type 1 deionized with low TOC water

AD25 and ICS is pumped through the detector at 1.0 30 WAV 40 AU
Series VWD - - mL/min. Wavelength 254 nm and 520 nm.
Baseline Drift 200 pAU/hr 200 pAU/hr
Wavelength Holmium oxide maxima are compared with +2nm +92nm
Accuracy the theoretical maxima. - -
5 Caffeine solutions from the OQ/PQ
AD25 and ICS standards kit P/N 063540 are injected in
an ; ; ;
Series VWD different concentrations. The absorbance is r >0.999 r 20.999
Detector measured at a wavelength of 272 nm. RSD <5.0 % RSD <5.0 %
Linearity Concentration (ppm) and peak height (mA)

are represented on a graph. The correlation
coefficient for the resulting line (and the
deviations from it) indicates the linearity

(up to 1.5 AU)

(up to 1.5 AU)

*ASTM Type 1 Deionized water Total Organic Carbon Specification: <50 ppb.

Note: The AD25, VWD, PDA, and PDA-100 Detector UV and visible lamps must be turned on at
least two hours prior to performing the qualification.
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Instrument Parameter Description Limits
0oQ PQ
10 injections of a defined standard at 25 pL each
Iniector of the same standard are analyzed. The percent
Ject relative standard deviation (%RSD) of the peak RSD <0.8 % RSD <1.0 %
Precision - ol N
areas indicates the reproducibility of the injection
volume.
Following the injection of a highly concentrated
All injectors test sample, a blank sample is injected and then a
and samplers water blank sample is injected. The peak area
measured in this chromatogram compared with
the peak area of the highly concentrated sample o o
Carryover indicates the amount of CarryOver. If there is any <0.1% <0.1%
peak area measured in the water blank sample,
that area is subtracted from the area of the blank
sample before it is compared to the highly
concentrated sample.
5 injections of the same standard sample are
analyzed. The injection volumes are different (10
AS-AP, AS, Linearity of pL to 50 pL). Injection volume and peak area are r =0.999 r 20.999
AS50 Injector Volume | represented on a plot of uL vs. uS. The correlation RSD<10% | RSD<1.0%
coefficient of the resulting line (and the deviations
from it) indicates the linearity.
3 samples of identical concentration are prepared
Sample : o )
Preparation from the same starting vial into 3 separate vials
AS, AS50 par . and injected. The relative standard deviation of RSD £1.5% RSD 2.0 %
Precision (if o Lo
the peak areas indicates the reproducibility of the
present) )
sample preparation procedure
The sample temperature calibration is measuring
the pH at 4, 7 and 10. The reading is stable if the
AS-AP pH pH Accuracy reading and the three data points are within 0.2 +-pHO.1 +-pHO.2
pH unit of each other.
The conductivity calibration procedure consists of
AS-AP Conductivity determining the conductivity zero point of the : :
Conductivity Accuracy accessory and then measuring the conductivity of +-30uS +-50uS
a 1000 uS standard.
Temperature The sample temperature is measured using an
i Accurac external thermometer in a standard vial. The o 15.0+4.0
AS-AP . y standard vial is filled with water (measured at 15.0 15.0£2.0°C °C
(if present) °C).
*ASTM Type 1 Deionized water Total Organic Carbon Specification: <50 ppb
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3 Explanation of the Test Procedures

3.1 Flow Rate Accuracy and Precision Qualification

3.1.1 Theory

The accuracy and precision of a pump is qualified by accurately measuring 5 aliquots of eluent into a
tared sample beaker for exactly 5 minutes each. The injection valve is used to measure the 5 minute
aliquot and the volume of each aliquot is determined gravimetrically. The backpressure coil is placed
before the injection valve and equal lengths of tubing are used for eluent and waste to ensure that
there is no backpressure change when switching the valve from waste to sample.

3.1.2 Performing the Test and Evaluating the Results

The Flow Rate Accuracy and Precision Qualification are run using the sequence called
XQ_Flow_Rate. The five weight measurements for the aliquots are entered manually into the report
and converted to volume when the temperature is entered. Accuracy is measured by comparing the
theoretical value (5.00 mL in 5.00 min) to each of the five aliquots and precision is measured by
determining the relative standard deviation of the five aliquots.

3.2  Eluent Generator Current Qualification

3.2.1 Theory

The Eluent Generator Current Qualification is determined by performing an EG step gradient using
varying eluent concentration set points. The Eluent Generator applies a specific current to the EluGen
cartridge depending on the concentration of eluent and type of cartridge selected. An IC Qualification
test box (P/N 072005) is used in place of the EluGen cartridge and the applied current for each step
is measured using an ammeter or voltmeter that is connected to the test cell. No injection is
performed.

3.2.2 Performing the Test and Evaluating the Results

The Eluent Generator current qualification test is run using the sequence called XQ_EG_Current or
XQ_EG_Dual_Current. The current readings in mA are displayed on the voltmeter for each
concentration step in the gradient. Values for each step are manually recorded (please enter at least
three figures after the decimal in each entry) or can be automatically downloaded into the Report
Template when using a Fluke 189/289 or equivalent multimeter (calibrated with up to 300 mV DC
scale range and the multimeter needs to display three decimal places) which is configured in the
Instrument as a module using the appropriate device driver. The sequence follows an XQ_Stop
sequence that will pause the system to allow connection of the qualification test box and recording of
the results.

3.3 Warmup

The warm up sequence is used to ensure that all parts of the system are responding appropriately
and to record logs to the audit trail (later used to update the information in the report definition file). It
is called XQ_Warm_Up where; X is P for PQ and O for OQ. The warm up sequence is necessary for
all qualifications. The warm up sequences from the AS-AP directory inject the low level standards.

34 Baseline Noise and Drift

3.4.1 Theory

A 20-minute detector baseline background trace is collected using deionized water as the eluent at a
flow rate of 1.00 mL/min. For ICS Series VWD and PDA, AD25 and PDA-100 detectors, data is
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collected at 254 nm and 520 nm. No injection is performed. Then a short equilibration is done at 272
nm.

Noise is calculated by partitioning the 20-minute baseline signal into 20 one-minute intervals. The
noise is the distance between two parallel lines through the measured minimum and maximum
values and the regression line. The measured noise values are then averaged to establish the final
value. To calculate drift, the Chromeleon software uses a method of least squares and calculates a
regression line from the measured values. The slope of the regression line indicates the drift of the
measured signal, and the amount of the slope indicates the amount of drift.

Noise Calculation

@@@@@@@.@.@@@.@.@..@

Intensity (nC)

0 1 2 & 4 & 53 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Time (min)

Figure 1. Noise Calculation
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Drift Calculation

Drift = slope of the regression line

Intensity (nC)

] " J.Mluhifﬂl. Al m T T i e R )

||n|||||-1 -ul-ﬂr lel.l TR '|'ﬂ|""‘l'ﬂ."’1"'-' Nm“'h” J Sk

Time (min)

Figure 2. Drift Calculation

The slope of the regression line indicates the drift of the measured signal, and the amount of the
slope indicates the amount of drift.

3.4.2 Performing the Test and Evaluating the Results

Noise and drift evaluation for all IC detectors is run using the sequence called
XQ_Detector_Noise_Drift where X is P for PQ and O for OQ and Detector is CD for conductivity
detectors, VWD Detector, and UV_Vis for PDA

3.5 Injector Precision

3.5.1 Theory

Injector precision is determined by performing ten replicate injections of a standard using a fixed
sample volume.

PDA/ VWD: A 40 ppm caffeine standard is injected when using absorbance detection at a
wavelength of 272 nm. Deionized water is used as the eluent at a flow rate of 1.00 mL/min.

Conductivity Detector: A 50 ppm nitrate standard is injected when using conductivity detection.
Deionized water is used as the eluent at a flow rate of 1.00 mL/min with conductivity or absorbance
detection.

3.5.2 Performing the Test and Evaluating the Results

Injector precision evaluation is the next test in the sequence queue and the samples are called
Inj Precision_1 through Inj Precision_10 in the XQ_Detector_Inj_Precision sequence, where X is O
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for OQ, P for PQ, and Detector is CD for conductivity detectors and UV for absorbance detectors.
The concentration of the nitrate or caffeine standard and the sample volume injected is included in
the QNT file used for injector linearity.

Precision is determined by calculating the relative standard deviation of the peak areas for the ten
injections.

3.6 Sample Temperature Accuracy of Autosamplers (AS-AP only)

3.6.1 Theory

The sample temperature accuracy mainly depends on the cooling and heating accuracy of the
AS-AP autosampler, the insulation of the sample compartment, and the thermal transfer from the
carousel to the vial.

3.6.2 Performing the Check

The sample temperature accuracy is determined with an external thermometer. The temperature
sensor is placed in a standard polypropylene vial (10 mL) filled with water. The carousel cover must
be closed during the test. The autosampler temperature is set to a nominal temperature (e.g.,

10 °C), depending on the autosampler type. When the set temperature is reached, the sample
(water) temperature is recorded over a period of 30 minutes. Within the 30 minutes, the sample
temperature reaches a stable value. The temperature accuracy is the temperature difference
between the sample temperature and the nominal autosampler temperature.

3.7 Sample Carryover

3.7.1 Theory

Sample carryover is determined by injecting a highly concentrated sample, followed by a blank
sample and then a second blank injection. The blanks in this case are deionized water.

Conductivity Detector: Nitrate at a concentration of 1000 ppm is injected when this test is performed
with a conductivity detector. Caffeine at a concentration of 80 ppm is injected when this test is
performed with an absorbance detector.

Ideally, the chromatogram of the two blank injections should be identical. If, however, a difference is
detected, the difference between the peak areas is calculated and the ratio of this difference to the
highly concentrated sample is calculated. Deionized water is used as the eluent at a flow rate of
1.00 mL/min.

3.7.2 Performing the Test and Evaluating the Results

Sample carryover evaluation is included in the same sequence as the Injector Precision test. The
samples are called Water, Carryover and Water_CO in the XQ_Detector_Inj_Precision_CO
sequence.

A peak area ratio is calculated between the blank and high concentration sample to determine
sample carryover.

3.8 Detector Linearity

3.8.1 Theory

VWD/PDA: Detector linearity for absorbance detectors is determined at 272 nm using a sequence of
five caffeine standard injections at 15, 40, 60, 80 and 100 ppm. Deionized water is used as the
eluent at a flow rate of 1.00 mL/min.
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Conductivity Detector: Detector linearity for conductivity detectors uses a sequence of five nitrate
standard injections at 5, 10, 25, 50, and 100 ppm. Deionized water is used as the eluent at a flow rate
of 1.00 mL/min.

3.8.2 Performing the Test and Evaluating the Results

Detector linearity samples are called Detector linearity 1 through Detector linearity 5 in the
XQ_Detector_Linearity sequence. The concentrations of the standards are included in the QNT file
used for detector linearity. It is recommended to enter the actual concentration of the standards from
the certification of analysis into the quantification files to achieve the real results.

Depending on which injection module used, the peak height of the sample with the highest
concentration may exceed 1500 mAU. This is usually not within the linearity range of UV detectors.
Thus, the limits for the regression coefficient and the relative standard deviation may not be met. In
this case, reduce the injection volume for all samples used for the linearity check so that the peak
height of the sample with the highest concentration is in the linearity range of the tested detector, i.e.,
usually below 1500 mAU. As an exception, a linearity range of up to 2500 mAU is specified for the
supported VWD with an analytical flow cell installed.

If an autosampler is used when the PDA or PDA-100 detectors are tested, only 10 yL of sample will
be injected by default. However, when qualifying the Thermo Fisher Scientific detectors using an
autosampler, 15 ul of sample will be injected.

3.9 Injection Volume Linearity
3.9.1 Theory

Injection volume linearity is determined by making five injections of a standard using injection
volumes of 10, 20, 30, 40 and 50 pL. A 60 ppm caffeine standard is injected when using absorbance
detection at a wavelength of 272 nm. A 50 ppm nitrate standard is injected when using conductivity
detection. Deionized water is used as the eluent at a flow rate of 1.00 mL/min. This test is only
performed on autosamplers with variable injection volume capability (AS-AP, AS or AS50).

3.9.2 Performing the Test and Evaluating the Results

Injection volume linearity evaluation is run using the sequence called XQ_Detector_Inj_Linearity. The
concentration of the nitrate or caffeine standard and the injection volumes are included in the QNT file
used for detector linearity.

3.9 Sample Preparation Precision (AS only)

3.9.1 Theory

Sample Preparation precision is determined by making three separate injections using a fixed
injection volume. Each of the three standards is prepared individually using the autosampler’'s sample
preparation option. The autosampler prepares the three samples by first transferring 15 uL of a

1000 ppm caffeine or nitrate standard into three empty sample vials and then adding 1485 pL of
water to each of the sample vials. Injections are then made from each vial. Deionized water is used
as the eluent at a flow rate of 1.00 mL/min. If an absorbance detector is used the wavelength is set to
272 nm. This test is only performed on autosamplers with the sample prep option installed.

3.9.2 Performing the Test and Evaluating the Results
Sample prep precision evaluation is run using the sequence called XQ_Detector_Samp_Prep.
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Required configuration for running a successful sample preparation experiment: Note: Sample Prep
only supports 10 mL vials.

- AS configured with a 10.0 mL tray (P/N 026374).
- System is configured with a conductivity or an absorbance detector

Precision is determined by calculating the relative standard deviation (RSD) of the peak areas for the
three injections.

3.10 Column Heater Temperature Qualification

3.10.1 Theory

The temperature of a column heater is qualified by measuring the plate temperature of the column
heater after allowing the column heater plate and calibrated thermometer to equilibrate for a minimum
of 15 minutes. The temperature is read off the calibrated thermometer, giving the temperature of the
column heater plate. The temperature displayed by the front panel and the software is the calculated
liquid temperature.

3.10.2 Performing the Test and Evaluating the Results

During the sequence queue the column heater is set to 40 °C. The Column Heater Temperature
Qualification is performed after the completion of the sequence queue. The recorded plate
temperature is entered into the report and automatically converted to liquid temperature.

3.11 Wavelength Accuracy of Absorbance Detectors

3.11.1 Theory

Wavelength accuracy is evaluated using a holmium oxide filter. Three holmium oxide absorbance
maxima are compared with the theoretical maxima at 360.9 nm, 418.0 nm and 536.6 nm for ICS
Series PDA and VWD detectors.

3.11.2 Performing the Test and Evaluating the Results

The wavelength accuracy test is run using the sequence called XQ_Wavelength_Accuracy where X is
P for PQ and O for OQ. The Wavelength Accuracy Test program executes the verification and the
results are logged to the audit trail by the Wavelength Accuracy Report program.

3.12 Sample pH Conductivity verification (AS-AP only)
3.12.1 Theory

The sample pH Conductivity qualification is evaluated by checking the pH calibration and pH
accuracy. The sample temperature calibration is measuring the pH at 4, 7 and 10. The reading is
stable if the reading and the three data points are within 0.2 pH unit of each other. The pH
measurement of the accessory must be calibrated before you begin using the accessory and then
periodically thereafter. During pH calibration, the pH of a pH 7 buffer solution is measured first and
the offset is determined. Then, the pH of either a pH 4 or a pH 10 buffer solution is measured and a
slope between pH 7 and pH 4 (or pH 10) is determined. Optionally, the pH of a third buffer solution
(pH 4 or pH 10) can be measured and a slope between pH 7 and the third buffer determined. The
conductivity calibration procedure consists of determining the conductivity zero point of the accessory
and then measuring the conductivity of a 1000 uS standard. Chromeleon determines the calibration
offset and slope and calculates a new cell constant.
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4 Qualification Preparation

4.1 Qualification Kit, Part Number 063540

Before starting the qualification procedure confirm that all the materials needed are present.

Table 3. Components of OQ/PQ Kit, P/N 063540

Part Description Part Number Quantity
OQ/PQ User’s Manual Part B Version 7.10 (this document) 065448 Part B 1
Tubing, 0.010” (0.25 mm) ID x 60" (150 cm) length black
PEEK
042690 60" (152 cm)

e Connect pump to injection valve, backpressure tubing
to detector, etc.

Red PEEK Tubing 0.005” (0.125 mm) ID x 39” (99 cm) length

e Generate system backpressure and delay volume for 044211 39" (99 cm)
detector and injector tests

Yellow PEEK Tubing (0.003”, 0.075 mm ID)

e Generate system backpressure and delay volume for 049715 39" (99 cm)
detector and injector tests in Analytical Systems only

25 pL Sample Loop

o 042857 1
e AS-DV/Manual injection
100 pL Sample Loo
H P P 042951 1
e AS-AP, AS
3— Way mixing tees
) y mixing te 024314 2
e Connect eluent lines and eluent bottles
High-Pressure, fittings bolt, 10-32 074449 6
High-Pressure, ferrules double cone 10-32 074373 6
Quialification labels 050837 6
Certificate of Functional Performance 031423 6
NIST Traceable Caffeine Standards Kit
060253 1
e Absorbance detectors
NIST Traceable Nitrate Standards Kit
. 060254 1
e Conductivity detectors
Test Binder 035863 1
Restrictor Microbore, Gradient Test 049630 1

Table 4. Required Kit for ICS configurations

Part Description Part Number

IC OQ/PQ Kit for IC systems 063540
(PROD,KIT,0Q/PQ,ICS,CD ABS)
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4.2  Additional Required Materials
The following items will be needed:

Table 5. Additional Materials Needed

Description Quantity

ASTM Type | (or better) deionized water (18.0 Megohm-cm, filtered)

2L
e  All eluent, standard, and sample preparation

Reagent Grade or better Potassium Chloride for OQ/PQ gradient tests using conductivity
detection 1g

e  Gradient pump tests using conductivity detectors

HPLC grade Acetone for OQ/PQ gradient tests using optical absorbance detection

3mL
e Gradient pump tests using optical detectors

Sodium Hydroxide 50/50 w/w (Low Carbonate) (Thermo Fisher Scientific P/N 033465)

~5.2mL
e Prepare eluent for Integrated Amperometry qualification

Ammeter or digital volt multimeter (DVM) with milliamp (300 mA scale) setting for OQ/PQ tests
using an EG. Must be capable of displaying 0.00 to at least 220 mA. A Fluke Model 189, 289 or 1
equivalent DVM will allow for automated EG Current testing.

Thermo Fisher Scientific analytical conductivity cell (detector)

e Detector, injector and gradient pump tests using conductivity detectors in conductivity 1
mode
AS or AS-AP in pull mode: 10 mL vials are required for AS-AP pull mode and AS Sample 10
Preparation Qualification
AS-AP: 1.5 mL vial tray (P/N 066332) 1
AS-AP: 1.5 mL vials (P/N 061696) 7
Column Thermostat PQ Kit (P/N 5705.0050A) 1
Type K temperature sensor for P600 thermometers ( P/N 6820.0010) 1
Black tubing 48” (P/N 042690) 1
AS-DV 5.0 mL vials with filter caps (P/N 038141) if qualifying an AS-DV autosampler 20
100 mL volumetric flasks (Class A, 100 + 0.08 mL) 1
e Standard preparation for AS-DV and Manual Injection
1000 mL volumetric flasks (Class A, 1000 +0.3 mL)
. At least 1
e  Eluent preparation
Transfer Pipettes or Pipettor 0.5-10.0mL
Calibrated Analytical Balance - capable of mass recording to the nearest milligram or better
e  Weigh KCI for eluent preparation 1
o Weigh eluent for the Flow Rate Accuracy and Precision test
Calibration and Check Standard pH 4 (P/N 033238) 1
Calibration and Check Standard pH10 (P/N 033240) 1
1000 uS Standard (P/N 080172) 1
Computer workstation running Chromeleon™ Version 7.10 (with SR1) or later (later versions 1

required for some configurations, see Chapter 1.5
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De-ionized water should be vacuum filtered through a 0.2 um or 0.45 um nylon or other water
compatible membrane exhibiting very low extractable.

All volumetric ware, pipettes and standard eluent storage bottles should be made of low extractable
polymeric materials such as polypropylene or polystyrene.

4.3 Preparation of Standards

Two standards kits are provided in the OQ/PQ kit. Use the Caffeine Kit, Part Number 060253 to
qualify systems with an absorbance detector (AD25, ICS Series PDA or VWD, PDA-100). Use the
Nitrate kit, Part Number 060254 to qualify systems with a conductivity detector.

4.3.1 Caffeine standard preparation for the Injector Precision and Carryover
tests

AS-DV and AS40 Autosamplers only:

AS-DV Autosampler only: For the Injector Precision test prepare a 40 ppm caffeine standard using
the 1000 ppm caffeine standard ampoule included in the Caffeine Standards Kit. Pipette 4.0 mL of the
1000 ppm caffeine standard into a 100 mL volumetric flask. Fill the flask to the mark with ASTM Type
| (or better) deionized water (18.0 Megohm-cm, filtered).

AS-DV Autosampler and Manual Injection: For the Carryover test use the 80 ppm caffeine standard
included in the Caffeine Standards Kit.

4.3.2 Nitrate standard preparation for the Injector Precision test (AS-DV
autosampler and manual injections only)

For the Injector Precision test prepare a 50 ppm nitrate standard using the 1000 ppm nitrate standard
ampoule included in the Nitrate Standards Kit. Pipette 5.0 mL of the 1000 ppm nitrate standard into a
100 mL volumetric flask. Fill the flask to the mark with ASTM Type 1 (or better) deionized water

(18.0 Megohm-cm, filtered).

For the carryover test use the included 1000 ppm nitrate standard found the in the nitrate standards
kit without dilution.

4.4 Preparation of Eluents

All eluents must be prepared using ASTM Type | (or better) deionized water (18.0 Megohm-cm,
filtered). Eluent should be freshly prepared.

4.5 Preparing the IC System

Note: The AD25, VWD, and PDA UV and visible lamps must be turned on at least two hours prior to
performing the qualification.

1. Chromeleon settings: Ensure that Chromeleon is set for Automatic update of external references.
Click on the “Automatic update of external references” check box in File — Preferences — Print
menu.
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2. Open the Chromeleon Instrument Configuration application. Make note of any changes made to
the system for the purposes of this qualification. After qualification these changes should be
reversed. Itis helpful to save a backup file of the configuration before you make any changes for
qualification.

3. AUTOSAMPLER: Double click on the Autosampler to be qualified (if installed) to view the
properties page for the autosampler. Select the General tab and confirm the Device Name is
“Sampler”. Select the Options tab and confirm the options match the configuration of your system.
The AS-AP injection mode must be selected at this point. Only one mode is qualified. Select the
Devices tab and confirm the Autosampler diverter valve status matches your system. (An AS40
autosampler is controlled only by relay, and does not show up as a device in the instrument
configuration). For the AS-AP autosampler in pull mode, the Flush Volume and Flush Volume2
must be set with F8 commands or from the More Options page of the AS-AP panel before
beginning qualification. Flush Volume = 2 x (Needle Volume + Needle Line Tubing Volume) pL
where Needle Volume = 30 pL and Needle Line Tubing Volume (the volume of tubing between the
needle and the injection port) = 0.86 pL/cm (2.2 pL/in) of 0.33-mm (0.013-in) ID PEEK tubing
(blue). Set the Flush Volume2 parameter to 30 L.

NOTE: Make sure inject mode in the panel is consistent with the inject mode in the server
configuration before loading the OQPQ templates. In addition, the temperature control must be
checked in the instrument configuration and the panel in order to run the sample temperature
accuracy test in the sequence.

4. 1CS-2000, ICS-2100: Double click on the ICS system to be qualified to view the properties page for
the system. Select the General page and confirm the Device Name is “Pump_ECD”. Select the
Options page and confirm the Installed Options match the configuration of the system. If a
degasser is installed, ensure it is not in Cycle mode for the duration of the qualification. Select the
Signals page and confirm the ECD_1 signal is active, the unit is yS and the factor is set to 1.000.

Select the EluentGenerator page and confirm the EGC-1 or EGC_2 cartridge is installed, the
Device Name is “EluentGenerator” and a valid eluent generator cartridge serial number is entered.
The user must rename EGC-2 to EGC-1 in the instrument configuration if the Qualification test box
is connected to EGC-2.

5. If applicable make sure the detector Output is in ‘Offset’ mode in the Analog Out Set-Up screen on
the front panel.

6. Make note of any changes and save the configuration.

7. All modules, with the exception of the AS40, must have their serial number set in the moduleware.
Qualification of modules without serial numbers, with the exception of the AS40, is not supported.

065448 OQ PQ Operating Instructions Part B Rev. 7.11 Page 24



ThermoFisher
SCIENTIFIC Thermo Fisher Scientific ICS-1000/1500/2000 & ICS-1100/1600/2100 System OQ/PQ User’'s Guide

8. Connect the eluent bottle to the pump and prime the eluent line for approximately 3 minutes; at
least 10 minutes if the vacuum degas option is installed.

9. Connect the pump line to injection valve port 2 (P). Bypass the column, suppressor, CR-TC, and
CRD (if any are installed) from the system leaving the gradient mixer in-line; use the backpressure
coil to connect the pump outlet directly to port 2 on the injection valve. This is illustrated in Figure 3
below. If an Eluent Generator Cartridge is in-line with the IC system, bypass all plumbing to the
EGC and connect the pump directly to the injection valve.

10. 1CS-2000 or ICS-2100: Disconnect the Pulse Damper Out line (0.030” tubing exiting from left and
below the detector cell) and connect it directly to the Injection Valve port 2 (P), thus bypassing the
eluent generator.

Initial Equilibration Setup

SAMPLE IN

PUMP IN

{PULSE DAMPER)

Figure 3. Plumbing diagram, initial equilibration step

11. 1CS-1000/1100 (WITH COLUMN HEATER INSTALLED), ICS-1500/1600 and ICS-2000/2100. Open and
remove the column heater plastic cover by removing the two thumbscrews. Remove the column
heater front plate by removing the six thumbscrews. Unclip and remove the column and insert the
thermometer probe in its place so that the LCD display sits out the top of the column heater with
the probe lowered into the column clips. Replace the column heater front plate and the plastic
cover, leaving the thermometer LCD display out of the top of the cover and the probe in the
column heater assembly. The LCD display of the thermometer should be visible and display the
current column heater plate temperature. (Column heater plate temperature may vary slightly from
the column heater liquid temperature).

12. Thoroughly rinse the autosampler fluidics with water. This can be accomplished on the AS-AP, AS
or AS50 by flushing the sample syringe two or three times and on the AS40 or AS-DV by running
two or three rinse vials.

13. AS-AP, AS, AS50: For systems using an AS-AP, AS or AS50, install the 100 pL sample loop on
the injection valve. For the AS-AP, Loop volume must be set to 100 L in instrument
configuration.
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Figure 4. AS-AP Instrument Configuration

PLUMBING CONFIGLIRATIQ
LOOP SIZE V1 w
LOOP SIZE V2: 00Tl

SAMPLE SYRINGE VOLUME: 250 ulL
SAMPLE SYRINGE CONFIG: READY
PREP SYRINGE VOLUME: 5 mlL

PREP SYRINGE CONFIG: READY
Help Prompt

Figure 5. AS Autosampler LCD Control Panel Display
Ensure that the Loop SIZE V1 volume is changed to 100 pL

From the front panel of the AS or AS50, go to the Main Menu, select Module Set-Up and then
Plumbing Configuration. If necessary change the sample loop size to 100 pL.

14. AS40, AS-DV or manual injector: For systems using an AS40 Autosampler or manual injector,
install the 25 pL sample loop on the injection valve. The AS40 Load connectors of the relay
control cable (P/N 047946) should be connected to Relay_1 on integrated systems. This is
illustrated below in Figure 4. The AS-DV connects to the Chromeleon PC via a USB cable.

Note: All programs using the AS40 are designed to run with full vial sampling from the 5.0 mL
vials (i.e. trigger relay at -2.40 minutes). If 0.5 mL vials are to be used programs will have to be
manually modified to trigger the relay at -1.20 minute).

If using 5.0 mL vials, you will need 1 Nitrate standards kit to complete the OQ or PQ.
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ICS-1600 Rear Panel AS40 Rear Panel
TTL/Relay Connector
RELAY CONTROL
A b g 2
RELAY — L9702 ™\ s kg
Ut — 1o 508358043
— | o tu z!au
TTLour 1o
+) aAr viel 97 green
Readyl
101 @
Load Nniused here
TTLIN 21 o @d oa
(*) il o
4 971 Relay Control Cable
TILGND 1| ©
() 2 e

Figure 6. Remote Control Cabling to AS40 Autosampler

15. Set the flow rate to 1.00 mL/min. Turn the pump flow on and let the system equilibrate for a
minimum of 15 minutes or longer as necessary until the system has equilibrated by monitoring the
detector output for a stable response. If a degasser is present ensure it is not in cycle mode.

16. NEwW TUBING: When running a qualification on a system with new tubing, such as a new
backpressure coil or a new sample loop, it is recommended to rinse the tubing with carbonate
eluent before proceeding with the qualification. This can be achieved by injecting a 0.5 M Sodium
Carbonate solution two or three times while running deionized water at 1.00 mL/min, or by running
9 mM Sodium Carbonate as the eluent for 10 minutes before rinsing with deionized water for 20
minutes. Since ICS-1100, 1600 and 2100 systems ship with pre-rinsed tubing, it is only necessary
to carry out this step when new pieces of tubing have been added.

To prepare 0.5 M sodium carbonate dissolve 0.53 g of sodium carbonate in water to make a total
volume of 10 mL of solution. To prepare 9 mM sodium carbonate dissolve 0.955 g of sodium
carbonate in water to make 1 L of solution.

17. CoNDUCTIVITY DETECTOR: Pipette the standards from the standards kit vials directly into the 1.5 mL
or 10 mL autosampler vials and place them in the position / order according to Table 5, 6 or 7
below. For the Injector Precision and Carryover standards (AS40 or AS-DV Autosamplers only)
transfer the Injector Precision standards prepared in Section 4.3 into 10 autosampler vials. To
qualify an IC system without an autosampler, use the AS40/AS-DV table for the injection order and
inject the samples directly from the standards kit vials.

18. For systems using an ICS-2000/ICS-2100 EG:

a. Disconnect the Eluent Generator Cartridge cable from the Eluent Generator EGC
connector.

b. Ifinstalled, disconnect the CR-TC cable from the CR-TC connector.

c. Plugthe EG/AES/SRS Supply Input cable (4-pin connector) on the IC Qualification Test
Box into the Eluent Generator EGC connector.
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Note: This test requires the IC Qualification Test Box. EG Qualification Test Box is no
longer supported for OQ/PQ qualifications.

d. Turn on the ammeter or multimeter and set the display to mA. This test requires mA
readings from 0.00 to at least 220 mA.

e. Connect the positive lead of the ammeter to the red post connector labeled “EG Internal
Load” on the IC Qualification Test Box.

f.  Connect the negative lead of the ammeter to the black post connector labeled “COM”
on the IC Qualification Test Box.

g. From the console in the Chromeleon software, go to the Panel directory and select the
pump_EluGen_detector panel appropriate for the system being qualified. Go to Control
and select the instrument configured with the Eluent Generator to be qualified (or click
on the “Default Panel Tab set”).

h. From the Eluent Generator section of the panel, select the cartridge type to be used.
The panel will recognize previously configured cartridges even though the IC
Qualification Test Box is plugged into the cartridge connector.

ICS- 2000

Computer

UsB

Fluke 139 Mukieter

‘ Do not plug EGC

Enter S/N only

Figure 7. IC Qualification Test Box and Fluke Multimeter Setup

19. FLUKE 189/289 MULTIMETER: Install the Fluke 189/289 multimeter or equivalent into the
instrument to be qualified. The driver for the Fluke 189/289 multimeter is included with
Chromeleon 6.8 or later. Connect the Fluke 189/289 multimeter to the IC Qualification Test Box
as described in step 18 of this section. The Fluke 189/289 multimeter is only used for systems
that require EG current qualification. It is recommended that the “Power off time out” for the
Fluke189/289 be set to a value greater then the time it will take to perform the Operational
Qualification. See Flukel189 or 289 operator's manual for instructions on how to set this value.
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a. lItis important that the Fluke 189/289 multimeter is installed AND connected before
loading the OQ/PQ templates.

b. Follow the instructions in the Chromeleon Help topics for the installation of the Fluke

189/289 multimeter Windows USB driver and for the Chromeleon device driver for the

Fluke 189/289 multimeter.

c. Follow the Fluke 189/289 multimeter instructions for adjusting the default ‘PrOFF’ setting

in the meter. It is recommended to adjust this parameter to a longer time (e.g., several
hours or more) to avoid having the meter auto power off during your OQ/PQ tests.

Table 6. AS/AS50 Autosampler Sample Order

Conductivity Detector with AS

Absorbance or Photodiode
Array Detector with AS/AS50

Vial Tray

Position for AS

Water Water 1

5 ppm Nitrate Std 2
10 ppm Nitrate Std 3
25 ppm Nitrate Std 4
50 ppm Nitrate Std 5
100 ppm Nitrate Std 6
1000 ppm Nitrate Std 7
Empty Vial* 8
Empty Vial* 9
Empty Vial* 10

15 ppm Caffeine Std 11

40 ppm Caffeine Std 12

60 ppm Caffeine Std 13

80 ppm Caffeine Std 14

100 ppm Caffeine Std 15

1000 ppm Caffeine Std 16

Empty Vial* 17

Empty Vial* 18

Empty Vial* 19

e Vials only need to be present if the detector listed at the top of the column is to be qualified

*Needed only if qualifying AS/AS50 Sample Preparation Option. 10 mL vials are required for Sample

Preparation Qualification.
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Table 7. AS-AP Autosampler Sample Order

Water Water BAl

5 ppm Nitrate Std 15 ppm Caffeine Std BA2
10 ppm Nitrate Std 40 ppm Caffeine Std BA3
25 ppm Nitrate Std 60 ppm Caffeine Std BA4
50 ppm Nitrate Std 80 ppm Caffeine Std BAS
100 ppm Nitrate Std 100 ppm Caffeine Std BB1
1000 ppm Nitrate Std 1000 ppm Caffeine Std BB2

Note: AS-AP pull mode requires the use of 10 mL vials.

Note: To run sequences with 1.5 mL vials, it is important to set the puncture offset to 3 mm in
the commands before you start. The puncture offset commands allows the AS-AP to realign the
x-axis of the 1.5m/10 mL vial setting.
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Table 8. AS/ AS50 Autosampler Sample Order

Qualification Conductivity Detector with Absorbance Detector with Sample Order
AS-DV/AS40 AS-DV/AS40
Warm Up Water Water Vial 1
50 ppm Nitrate Std* 40 ppm Caffeine Std* Vial 2
50 ppm Nitrate Std* 40 ppm Caffeine Std* Vial 2
50 ppm Nitrate Std* 40 ppm Caffeine Std* Vial 2
50 ppm Nitrate Std* 40 ppm Caffeine Std* Vial 3
50 ppm Nitrate Std* 40 ppm Caffeine Std* Vial 3
Injector Precision
50 ppm Nitrate Std* 40 ppm Caffeine Std* Vial 3
50 ppm Nitrate Std* 40 ppm Caffeine Std* Vial 4
50 ppm Nitrate Std* 40 ppm Caffeine Std* Vial 4
50 ppm Nitrate Std* 40 ppm Caffeine Std* Vial 4
50 ppm Nitrate Std* 40 ppm Caffeine Std* Vial 5
1000 ppm Nitrate Std 80 ppm Caffeine Std* Vial 12
Carryover Water Water Vial 13
Water Water Vial 14
5 ppm Nitrate Std 15 ppm Caffeine Std Vial 15
10 ppm Nitrate Std 40 ppm Caffeine Std Vial 16
Detector Linearity 25 ppm Nitrate Std 60 ppm Caffeine Std Vial 17
50 ppm Nitrate Std 80 ppm Caffeine Std Vial 18
100 ppm Nitrate Std 100 ppm Caffeine Std Vial 19

*AS40/AS-DV users: For the Injector Precision and Absorbance Carryover samples, use the standards

prepared in Section 4.3 of this manual.

4.6 OQ/PQ Sequence Installation

For performing OQ and PQ checks in Chromeleon 7.1, it is not required to create and copy the
sequence templates from a Chromeleon CD. An Instrument Qualification Wizard automatically
performs these steps. The wizard creates the sequences to be run. No instrument-specific sequence
templates are created.

If using an AS autosampler configured for seqguential injections, manually put the diverter
valve in the correct position for the Instrument.

Tip: Please note that Chromeleon 7 terminology is different from the terminology used in
Chromeleon 6.80. For details, refer to the 'Glossary - Chromeleon 7," which is available in the
Documents folder of your Chromeleon 7 installation.
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Go to Tools — Instrument Qualification to open Instrument Qualification Wizard. For this step,
Chromeleon 7.1 must display the instrument pane with the system to be tested selected (Figure 9)
otherwise the error “Instrument not connected” will occur.

&) 1Ic5-2100_VWD+AS

EJ 1cs-3000_RFIC

&) 1c5-5000_CD+AS-DV
&) 1c5-5000_PDA+AS-DV
&) 1c5-5000_VWD+AS-DV
&) 1cS-5000CIC_ED+AS
=) TESTING |

FITT

Figure 8. Instrument Pane for Chromeleon 7.1

mgreate - File Edit View | Tools | Help l@

Station Qualification...

| Instrument Quali‘rficatiun... |

Customn 'v"al'iahleﬁclitcr...
EreferF[ Configure and run tests to qualify an instrument

Discovery Manager...

Figure 9. Starting the Instrument Qualification Wizard for Chromeleon 7.1

Select the qualification type: Installation (qualification of the installation), Operational (qualification in
the working environment), or Performance Qualification (qualification during routine operation)
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Instrument Gualification Wizard "Q,l x

Choosze Qualification Type

Select the type of ingtrurment qualification o rn,

— Qualification Type

O Hnstaliahon Hoalfication.

Checks the general functionality of wour instrument.

' Operational Qualification

Checks the analytical operation of your instrument.

" Performance Qualification

Checksz the analytical performance of your inztument,

MHext > Cancel

Figure 10. Selecting the qualification type for Chromeleon 7.1

Select the instrument to qualify.
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Instrument Clualification YWizard @ x
Choose an Instrument 3
Lok
Select the instrument where the qualification will run. ".nl

Instrument S election

Ingtruments:;

= (D] V|

02_|C5-5000_Dual 1
03_IC5-9004500
04_|CS-2100
05_|CS-3000
06_Ultkate3000_2
07_Ultk ate3000_B asic
08_LIkMate3000_RS
09_UkMate3000_DGF
SwPM_TEST-COMFIG

<< Back ” Meut »> ” Cancel

Figure 11. Selecting the instrument

Click to connect the selected instrument to Chromeleon.

A list of sequences (tests) is displayed. The list is adapted to the instrument configuration of the
selected instrument as defined in the Chromeleon Instrument Configuration Manager.
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Instrurment Cualification Wizard

g X

Chooze Tests

Select the qualification tests ta run.

ICS5+4<00 Inteqgrated System -
ICS-52400 Inteqrated System -
SWARM-UP QUALIFICATION

IC5-00 Inteqrated System

ICS5+4<00 Integrated System -
ICS-2400 Integrated System -
ICS-+2400 Inteqrated System -
IC5+<00 Integrated System -

IC5+8<00 Integrated Spstem -

FLOW RATE ACCURACY AND PRECISION GUALIFICATION
EG CURRENT QUALIFICATION

CO MOISE AMD DRIFT QUALIFICATION
IMJECTOR PRECISION QUALIFICATIOMN
INJECTOR CARRY-OVER QUALIFICATION
CD LINEARITY QUALIFICATION
SHUTDOWN

~ |

[ << Back ” Mext » H Cancel

Figure 12. List of sequences for the selected instrument

Select the sequences that needed for the tests to be performed. Mandatory tests, such as "Warm
up", are shown in the list, but the selection cannot be changed.

On the last wizard page, select a unique name under which the OQ and/or PQ sequence directory for

this instrument is saved.
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Instrument Cuslificstion Wizard @ x

Define a Storage Location

Specify where to store the results.

— Destination

chrom: //shandersonlt/ChromeleanLocal/Instrument DatasACS -5000/Qualification

Browsze... |

<¢ Back | Finizh I Cancel

Figure 13. Selecting the storage location
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4.7 OQ/PQ Sequence Execution

When the qualification wizard has been completed, the selected sequences are created and are
automatically added to the instrument queue. A progress window shows which steps have been
performed:

{ Instrument Qualification: Prepare Sequences @ x

[y Creating falder chram:/ tuult/ChromeleonLocal/ nstrument D ata/04_IC5-2100/0ualification/00 19 Jul 2011[4) 4
aj Restaring template ¥0_IC_Flow_Rate

ﬂj Fiestaring template ®0_IC_EG_CURRENT

m Restaring template =<0_IC_wiam_Up

aj Restaring template X0_IC_Moize_Drift o

ﬂj Fiestaring template X0_IC_AS-DYW_|n_Precision 4

m Restoring template :=0_IC_AS-DW_In[_Camy_Ower 4"

aj Restaring template X0_IC_AS-DY_Linsarity

m Restaring template #<0_IC_Stop

Figure 14. Progress during sequence creation

The Instrument View dialog box will open, displaying the Queue tab. As soon as the queue is
started, Chromeleon runs the sequences. The wizard should copy the sequences to the
destination selected then auto-populate the instrument queue. If the error “Instrument not
connected” appears, make certain that the Chromeleon 7.1 must be displaying the instrument
pane with the system to be tested.

The OQ/PQ qualification tests are performed in the following order:

a. Flow Rate Test
b. Eluent Generator Current Test (only if an EG is present)
c. Warm Up

d. Wavelength Accuracy
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e. Detector Noise and Drift Test

f.  Injector Precision Test

g. Carryover Test

h. Detector Linearity Test

i. Injector Linearity Test (only if an AS or AS-AP is present)

j-  Sample Preparation Precision Test (only if an AS is present with the Sample Prep Option
and the 10 mL Tray Type installed with the conductivity or the absorbance detector)

k. Gradient Accuracy Test (only if an analytical gradient pump is present)
. Column TC and/or Compartment TC

m. Sample Temperature Accuracy of Autosamplers (only for AS-AP Autosamplers)

Note: Test ‘a’ and ‘I’ is done manually and does not require a sequence template. The Instrument
Method will pause before the Eluent Generator Current Qualification Test and the Flow-Rate
Accuracy and Precision Test as these tests require user intervention.
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ICS-5000 on SHANDERSOMLT - =X

i:_} Launch eWworkflow « Smart Skartup + A% Smart Shutdown = Take Control L_J Monitar Baseling _:_‘,5 Command | [ <Autogenerateds -

ICS5000 Home | Pump | DC | €0 | EG | 45 | Audt | Statup’ Queue |

Current Completed
Startup Hame Status Add...
» AChromeleonl ocal/lnstrument D ata ] C5-5000Cualification /00 21 Oct 2010400 COFLOW BATE Pending =
/ChiomeleonL ocal/instrument Date/ICS 5000/0 ualfieation/08 21 Oct 2010/00 EG CURRENT Ferding e
/Chromeleonl ocalflnstiument D ata/C5 5000/ Qualification/0Q 21 Oct 2010/00 wARM UP Pending MoveLp
AChromeleonl ocal/nstument D ata ] C5-5000Qualification/00 21 Oct 2000400 CO NOISE DAIFT Fending
fChromeleonl ocal/Instument D ata/CS-5000/Qualification/00 21 Oct 2000/00 CO kS PRECISION Pending Move Down
fChromeleonl ocal/Instument D atadCS-8000/Qualfication/0d 21 Oct 2000/00 CD 1MW) CARRY OVER Pending
fChromeleonl ocal/Instument D ata/AC5-5000/Fualification/06 21 Oct 2010/00 CD LINEARITY Pending
AChromeleonl ocal/lnstument D ata ] C5-5000Qualification /00 21 Oct 2000400 CD M) LIMEARITY Fending Start ~
AChromeleonl ocal/Instument D st/ CS-5000/Qualification/00 21 Oct 2010/00 GP GRAD ACCURACY | Pending
fChromeleonl ocalflnstument D sta/1CS -5000/Hualification/00 21 Oct 2010/00 STOP Pending Bilos
1 | »
After runhing the queue keep instrument ready - r Keep last zequence queued
Report Setup
™ Print Report Fieport template undefined. Frint Setup— |
™ Export Report Report template undefined. Export Setup | *
Generate ieport at: End aof an injgction -

Emergency Instrument Method

‘when an “Abort” Erar ocours, min this Instrument Method

Feady check result: Successful.

Figure 15. Sequence queue for Chromeleon 7.1

Evaluating the Test Sequences

The qualification sequences are saved under the path that was selected in the wizard. Each
sequence also includes a separate report template.

To edit the report, open the report and remove the protection (if any) from the SPECIFICATION
sheet. Enter the following information:

Name of the customer and name of the tester

Sample information such as queue number, expiration date, and actual concentration of the
standard.

Name of the item that is used to generate the backpressure [default: capillary (L: 15 m; ID: 0.18 mm)]

Do not change any of the other report sheets. The report contains many references between data
sheets. If you insert or delete lines and columns, these references will be lost and the calculations
will be wrong.

To make sure that Chromeleon reads and processes the data in the report correctly, always print the
report from the Chromeleon Console.

In the Data category, right-click the sequence for which you want to print the report, and then click
"Print Report".
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ﬁgreate - | File Edit Wiew Teools Help

Data «

F.!D Instrument Data -

B-E ©_UtiMate3000

E-E Audit Trails

=-E Qualfication ——
B-E5 00 30.Jun 2008

Sl 0a_COLUMN_OVET
-l OQ_DAD_WAVELE Cut
-l OG_INJECTOR_FLQ Copy
-l 0Q_SAMPLER_LIN Paste
- 0G_STD_GRAD
-H oa_sToP Rename
- 00_UV_LINEARITY Delete...
-l 0Q_UV_NOISE_DR
- oa_wWARM_UP Print Report.. |
=-E2 06 20 Jun 2) Export.. b
E-E2 0G 30 Jun 3
BB 00 30 Jun 4 Lock
B2 06 30 .Jun 5 Send To...
B3 0Q 30.Jun 2009(6) Show Data Audt Trail...
.- 0G_CoLUMN_OVE .
-8l OQ_DAD_WAVELE Properties...

Figure 16. Selecting Print

Note: If an Eluent Generator is configured on the system, the following message may occur at
the Ready Check: “Flow rate not specified at time 0.0, using a flow setting 1.00.” This refers
to the Eluent Generator flow rate, not the pump flow rate. It is not necessary to take any
action since the Eluent Generator is not used for this part of the qualification. Proceed with
starting the queue.

Note: For systems with a shared autosampler there might be a number of informational
messages indicating that “Exclusive Access” has not be acquired or released. This is normal
and occurs because the qualification does not release the autosampler until the qualification
is complete.

Repeating Individual Tests

It may be necessary to repeat individual tests. If so, review Section 6 where problems are described
according to which individual tests might fail. According to Good Laboratory Practice (GLP), all tests
following the one that failed must be repeated. The entire OQ/PQ qualification is designed such that
almost of the performance tests require that the previous one to have passed successfully.

For example, if the test regarding the linearity of a CD detector fails, the results regarding the
linearity of the injector are questionable as the linearity of the detector is a prerequisite for testing the
injector linearity.
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Table 9. Sequence File Names and description

Sequence Name Check

Pump flow-rate accuracy and precision tests for ICS-3000

XQ_Flow_ Rate or ICS-5000 pumps

XQ _EG_Current Current qualification of an EG Eluent Generator

Current qualification of an Dual EG configuration (ICS-

XQ_EG_Dual_Current 5000 with both EGC configured on one Instrument)

XQ_CD_Noise_Drift Noise and drift test for conductivity detectors
XQ_DC_Amp_Noise_Drift Noise and drift test for DC amperometry detectors
XQ_Int_Amp_Noise_Drift Noise and drift test for integrated amperometry detectors
XQ_PDA_ Noise_Drift Noise and drift test for photodiode array detectors

Noise and drift test for absorbance detectors (excluding
PDA detectors)

Wavelength accuracy test for the VWD and PDA
absorbance detectors

XQ_UV_Vis_Noise_Drift

XQ_Wavelength_Accuracy

Injector precision test for systems with an absorbance

XQ_Abs_Inj_Precision detector

Injector carryover tests for systems with an absorbance

XQ_Abs_Inj_Carryover detector

Injector precision test for systems with an conductivity

XQ_CD_lInj_Precision detector

Injector carryover test for systems with an conductivity

XQ_CD_lInj_Carry_Over detector

XQ_ED Warm_Up Warm-up sequence for ICS-5000 systems with ED detector

Noise and drift test for ICS-5000 amperometry detectors

XQ_ED_Noise_Drift (ED in Integrated Amperometry mode)

Injector precision for ICS-5000 systems with amperometry

XQ_ED_Inj_Precision detector (ED in Integrated Amperometry mode)

Injector carryover for ICS-5000 systems with amperometry

XQ_ED_Carryover detector (ED in Integrated Amperometry mode)

Detector Linearity for ICS-5000 systems with amperometry

XQ_ED_Linearity detector (ED in Integrated Amperometry mode)

Injector linearity for ICS-5000 systems with amperometry

XQ_ED_Inj_Linearity detector (ED in Integrated Amperometry mode)

The sequence turns off the pump and cell for ICS-5000
XQ_ED_Stop systems with amperometry detector (ED in Integrated
Amperometry mode).

XQ_Abs_Linearity Detector linearity test for absorbance detectors

XQ_CD_Linearity Detector linearity test for conductivity detectors

Injector linearity test for systems with an absorbance

XQ_Abs_Inj_Linearity detector
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XQ_CD_Inj_Linearity Injector linearity test for systems with an detector

Injector sample preparation precision test for systems with

XQ_Abs_Samp_Prep an absorbance detector

Injector sample preparation precision test for systems with

XQ_CD_Samp_Prep an conductivity detector

Gradient accuracy and noise test for systems with a

XQ_GP_Grad_Accuracy gradient pump

XQ_CD_Noise_Drift Noise and drift test for conductivity detectors
XQ_DC_Amp_Noise_Drift Noise and drift test for DC amperometry detectors
XQ_Int_Amp_Noise_Drift Noise and drift test for integrated amperometry detectors
XQ_PDA Noise_Drift Noise and drift test for photodiode array detectors

Noise and drift test for absorbance detectors (excluding

XQ _UV_Vis_Noise_Drift PDA detectors)

The sequence slows down the flow rate to 0.25 mL/min to

XQ_Stop conserve eluent for overnight runs
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5 Performing the Qualification

5.1 OQ/PQ Test Order

The OQ/PQ qualification tests are performed in the following order:

Flow Rate Accuracy and Precision test

Eluent Generator Current Qualification Test (only if an ICS-2000 or ICS-2100 is present).
Warm Up

Detector Noise and Drift Test

Injector Precision Test

Carryover Test

Detector Linearity Test

Injector Linearity Test (only if an AS-AP, AS or AS50 autosampler is present)

© 00 N o o0~ w NP

Sample Preparation Precision Test (only if an AS or AS50 is present with the Sample Prep
Option and the 10 mL Tray Type installed)

10 Column Heater Temperature Verification (only for ICS-1100 or ICS-1000 with column heater
option, ICS-1500, ICS-1600, ICS-2000 and ICS-2100 systems)

11 Sample Temperature Accuracy of Autosamplers (only for AS-AP autosamplers)
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5.2

OQ/PQ Test Timetable

If the system to be tested includes an autosampler all the tests after the Flow Rate Accuracy and
Precision Test are run automatically. In the case where manual injections are to be used the test

time needed is shown here:

Table 10. OQ/PQ Test Timetable

Procedure . . Equilibration Approx. Run
Test Type Material Required Time Time
Flow_ Rate Accuracy and Eluent (water) _ _
Precision Sequence 15 min 30 min
All pump models Backpressure loop
Wavelength Accuracy Lamps—2h .
AD25, ICS Series VWD Sequence | Eluent (water) 10 min wipump | & ™"
Wavelength Accuracy Lamps—2h .
PDA-100, ICS Series PDA Sequence | Eluent (water) 10 min wipump | & ™"
AS-DV/AS40/Manual Inj
Warm Up
Detector Noise / Drift Sequence ggﬁgg(r\év:ter) 10 min 1 hrand
Injector Precision q Backpressure 100 10 min
Carryover P P
Detector Linearity
AS-AP/AS/AS50
Warm Up
Detector Noise / Drift Eluent (water) 2 hr and
Injector Precision Sequence Standards 10 min :
10 min
Carryover Backpressure loop
Detector Linearity
Injector Linearity
AS-AP with Temp. Control Eluent (water)
Warm Up Standards
Detector Noise / Drift Backpressure |00p
Injector Precision Sequence Tvoe K 10 min 2 hrand
Carryover q yp 55 min
. . temperature
Detector Linearity sensor
Injector Linearity
Sample Temp. Accuracy
AS/AS50 with Sample Prep
Warm Up
Detector Noise / Drift
; o Eluent (water)
Injector Precision . 2 hr and
Sequence Standards 10 min !
Carryover Backpressure loo 40 min
Detector Linearity P P
Injector Linearity
Sample Prep Precision
Test cell
Eluent. Ge_nerator Current Sequence . N/A 16 min
Qualification Multimeter
Column Heater Temperature Manual Calibrate 15 min minimum | 0 min
Verification Thermometer
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5.3 Starting the Sequences

For AS-AP or AS Autosamplers with the Sequential Injection Option: Before starting

%

5.3.

any sequences, first verify that none of the instrument configured on the computer
have “Acquired Exclusive Access” to the autosampler. If this is the case release the
“Exclusive Access” command before proceeding. Once the qualification sequences
begin, the system being qualified will gain and retain exclusive access to the
autosampler until the “Stop” sequence is run and “Exclusive Access” is released.
“Exclusive Access” can be released by going to the command function (F8),
choosing the module from the list, and executing the “ReleaseExclusiveAccess”
command.

1 Flow Rate Accuracy and Precision Qualification

The Flow Rate Accuracy and Precision test is designed to qualify the flow rate accuracy and
precision of all ICS series pumps.

Thermo Fisher Scientific cannot guarantee tests performed outside the scope of the published

OQ/PQ protocol.

1.

Ensure the pump is disconnected from the Chromeleon software. The system should be in hold
mode and a message box displaying “Plumb pump for Pump Flow rate Accuracy and Precision
Test, press OK to continue" should be visible.

Plurnb purnp far Pump Flow-rate Accuracy and Precision Test, presz OK ta continue. ‘ oK |

Stop the pump from the front control panel of the module if it is not already stopped. ICS-1100
users: if the pump is not already stopped, it may be necessary to click OK on the message box,
manually stop the queue and turn off the pump from the control panel. Remember to reset the
status to single before resuming the test.

Locate the backpressure coil (P/N 044211 or 049715)

Connect one end of the backpressure coil directly to the outlet of the pump, after gradient mixers
if applicable and the other to port 2 (P) of the injector valve.

Prepare two lengths of black tubing, 0.010 (0.25 mm) ID, of equal length, approximately 12"
(40 cm). Connect one of these lines to port 1 (L) of the injector valve. The tubing connected to
port 1 (L) of the injector valve will be the eluent line that goes to the “sample beaker”.

Connect the other line to port 3 (C) of the injector valve. The tubing connected to port 3 (C) of the
injector valve will be the waste line.

Run the waste line to a waste beaker and the eluent line to a sample beaker. The plumbing to
the valve should look like the Figure 6 below. Turn the pump on (except ICS-1100).
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SAMPLE IN X
s (O

PLIMP I
PULSE CAWPER]

E FLOW RATE
[ __'. MEASUREMENT

BACKPRESSURE COIL {1500 psi)

Figure 17. Plumbing schematic for Pump Flow Rate Test

8. Click OK in the Chromeleon software. The system should reconnect to the module and/or resume
the program in run mode. ICS-1100 users: the pump should turn on at this point.

9. The program will equilibrate the pump for 15 minutes before starting the test. During this time
eluent flow should pass through the waste line. Ensure that sufficient backpressure is observed
during this equilibration time.

10. At time 0, the injector will switch to the eluent line.

11. Attime 2.00, the injector will switch back to the waste line and the Chromeleon software will ask
you to “Please weigh the eluent container. Enter results under segment 0. Press OK to continue."
The instrument will be in hold mode and will wait until OK is pressed before continuing. Weigh the
eluent container, but DO NOT ZERO THE BALANCE AFTER WEIGHING. Record the weight as
segment 0. Click OK to continue.

Please weigh the eluent container. Enter results under segment 0. Presz 0K to continue. ‘ 0F. |

12. The Chromeleon software will switch the injector back to the eluent line for exactly 5 minutes.
After this time the injector will switch to the waste line and a message “Please weigh the eluent
container. Enter results under segment 1. Press OK to continue" will be displayed. The
instrument will be in hold mode and will wait until OK is pressed before continuing. Weigh the
eluent container, but DO NOT ZERO THE BALANCE AFTER WEIGHING. Record the weight as
segment 1. Click OK to continue.

13. Repeat 12 for segments 2 through 5.

14. After the sequence is finished open the Water_FR sample from the Console. Select the Flow
Rate sheet at the bottom of the page and enter the Segment values and room temperature into
the sheet. Save the worksheet by clicking on the Chromeleon Icon on the top left of the User
Interface and select save.
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0 * |d

j Hews i Save
T Open the save dislog and choose data
- objects to save,
./ Gpen Save All
Immediately saves al modfied objects
& Add i withiout questions,

IT ! Save Sequence As
- Save a copy of the current sequence.

Figure 18. Selecting Save

15. Print the Flow Rate Accuracy and Precision report by clicking on the Chromeleon Icon on the top
left of the User Interface and select print. Choose a printer and press OK to begin printing.

ia | =
BT
=" Qpens the print dizlog.

. . ]
Sl Cpen Quick Print
d “F I—_J;J Immediately prints the currenthy selected
B document bo the defaulk prinker.
T Aad : /'} Prink Preview

Opens the prnk preview window,

@ Pririt

-

! j Export
|J Close

Figure 19. Selecting Print

16. If any part of the test does not pass, make the appropriate repair or calibrations and rerun the
test. Refer to Section 5 for troubleshooting assistance.

17. Plumb the system for the remainder of the qualification as in Figure 7 below.
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18. Ensure the pump is disconnected from the Chromeleon software. The system should be in hold
mode and a message box displaying “Plumb the system for the remainder of the qualification
tests, press OK to continue" should be visible.

19. Connect a length of yellow tubing sufficient to produce about 1500 psi backpressure to the inlet of
the conductivity or absorbance cell, thus bypassing all columns and suppressors.

SAMPLE IN X
s &

&
ol

Ly 33_1
£ P,
il = FLOW RATE
L ".I MEASUREMENT

J;"_-
P =i BACKPFRESSURE COIL {-1500 psi)

-

Ly

PUMP I
IFULSE CAMPER]

Figure 20. Plumbing schematic for OQ/PQ Performance Tests after Pump Flow Rate Test

5.3.2 Eluent Generator Current Qualification

The Eluent Generator Current Qualification test (j) will be used for ICS-2000 or ICS-2100
configured with either a KOH or MSA cartridge.

1. Resume the Queue by clicking OK. This sequence is an Eluent Generator step gradient. Each
step is held until the user clicks OK to continue. There may be a delay of up to 0.4 minutes
between when the Eluent Generator program steps to the next concentration and when the
ammeter or multimeter registers the new milliamp reading. Record the milliamp reading for each
step on a note pad. These values will be entered into the EG_CURRENT, EG_DUAL_CURRENT
or EluGen Current Qualification sheet after the run is complete. The run time is 11.0 minutes
plus pause time.

Note: The template of this report is stored in the data vault of the respective
sequence. Please refer to Chromeleon 7 Quick Start Guide on how to access
report templates.

Template name: OQ_PQ_Integrated_Validation

2. When the run is complete, open the report file by double clicking on the Water EG sample of the
XQ_EG_Current sequence. Locate the row of sheet names at the bottom of the report and click
on the EG_CURRENT, EG_DUAL_CURRENT or EluGen Current Qualification sheet.

3. Enter the milliamp readings that were recorded in step 1 for each concentration value in the
EG_CURRENT, EG_DUAL_CURRENT or EluGen Current Qualification sheet. The deviation
and pass/fail results will be calculated automatically.

4. Print the EG Current Qualification report by clicking on the Chromeleon Icon on the top left of
the User Interface and select print. Choose a printer and press OK to begin printing.
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5.

5.3.3

P w doPE

3 pri
My rink |

J “M cpens the print disiog. '
x Cipen .k Quick Print {

-jl Imrediately prints the currenth: selected

G document to the defauk prinker.

Add % Print Preview !
N Cipens the print preview window. {
H Save

Figure 21. Selecting Print

If any part of the test does not pass, make the appropriate repair/adjustments and rerun the test.
Refer to Section 5 for troubleshooting assistance.

To qualify another cartridge, select the new cartridge type in the control panel, add the
XQ_EG_Current, XQ_EG_Dual_Current or XQ_IC_EG_Current sequence to the queue list, set
the status of the Water_EG and Stop samples to single and repeat steps 1 - 4.

Performing the Main Qualification

The main part of the OQ/PQ consists of the tests d — k, as shown in Section 5.1. This part of the
qualification requires that an absorbance or conductivity detector be configured on the system
being qualified.

If the qualification will be performed using a manual injection valve, use full loop injections and
overfill the loop a minimum volume equal to 4 times the sample loop volume. Inject standards
according the sequence table. With an AS40 autosampler there will be a 2.4-minute delay before
the sample is injected.

If manual injection is used it is essential to manually edit the programs to replace the 2.4-minute
delay with a message command to hold the system until the sample is ready. Replace the “-
2.400 Punp_Relay 1.d osed Duration=10.00"line with“- 0. 100 Message
"Load the sanple into the injection | oop, press OK to continue"”

The IC must be set up and running as described in Section 4.5.
The sequences must be installed as described in Section 4.6.
The sequences must be set up as described in Section 4.7.

If the queue is not started already go to Queue and Edit. Start the Queue. Run times are as
follows:
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Systems with an AS-DV, AS40 or manual injection have a run time of approximately 1 h and 10
min.

Systems with an AS-AP, AS or AS50 but no sample prep have a run time of approximately 2 h
and 10 min.

Systems with an AS or AS50 and sample prep have a run time of approximately 2 h and 40 min.

At the end of the main qualification the system will automatically stop.

For systems using an Eluent Generator, the program will pause before the Eluent Generator
Current Qualification Test, proceed to section 2. The program will pause before the Flow Rate
Accuracy and Precision Test, proceed to section 3.3.4 before continuing to step 5.

5. When the queue is finished, go to the Chromeleon console right click on each completed
sequence present in the qualification, select the Report and Print the report. The Eluent
Generator Current Qualification, Flow Rate Accuracy and Precision Qualification, Column Heater
Accuracy qualification have already been printed.

6. Review the report for Pass/Fail results. If any test does not pass, make the appropriate
instrument repair and/or adjustments and rerun all tests from the original point of failure on. Refer
to Section 5 for troubleshooting assistance.

5.3.4 Column Heater Temperature Qualification

The column heater temperature qualification can be used to qualify the temperature accuracy of
the column heater fitted to an ICS-2100, ICS-2000, ICS-1600, ICS-1500, ICS-1100 or ICS-1000.
After completion of all other tests record the reading on the calibrated thermometer.

1. Open the Water_ WU sample in the Warm Up sequence from the console. Select the Column
Heater Temp Qualification tab at the bottom of the page. Enter the measured temperature in the
Measured Plate Temp. cell.

Note: The template of this report is stored in the data vault of the respective
sequence. Please refer to Chromeleon 7 Quick Start Guide on how to access
report templates.

Template name: OQ_PQ _Integrated_Validation

2. The measured liquid temperature and its deviation from theory will be calculated automatically. If
the test does not pass, make the appropriate repair/adjustments and rerun the test. Refer to
Section 5 for troubleshooting assistance.

3. Print the Column Heater Temperature Verification report by selecting “Print” from the File menu.
Choose a printer and press OK to begin printing.

5.3.5 Turning off watermarks in the reports

Some users prefer not having watermarks in the back of the report. The procedure below describes
how to turn off watermarks in the reports. The procedure can only be performed if the user has
sufficient privileges granted by the administration.

1. Go to the Instrument Category
2. In the Chromeleon Console, Go to the Tools menu.

3. Select Administrations Console
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éﬁ Chrormeleon Console

| Create | File Edit  View | Tools | Help

Instruments Skation Qualification. . - 0oy
Inskrument Qualification, .. [
ﬁ arnpler

02_|CS-5000_Dual_1
03_IC5-9004500 | administration Consale, .. |

04_1C5-2100 : Bme
05 1C5-3000 jManage users, licenses and other administration settingst
(=] | -

0F_Ultik ate2000_2 Yirtual Column Separation Simulatar, .. rurnent Dz
| | H . -
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Figure 22. Selecting Administration Console

4. Select Global Policies within the Administraion Console.

3 . ) o |5 s
—_jJ License Manager (ocal) Chromeleon user database policies:

Scheduler
Lo " — 5 -
-3 User Datebase gon | Password Restrictions | Electronic Signature I LDAP Logon | Client Locking | Verslonl

% Globa! Folicies Defaut User Name For Logon
Discovery

& Local Machine The bax for the user name is blank for each

() Blank logon.
_ The box for the user name contains the user
© Most Recent User name of the recently logged on user.

The box for the user name contains the user
() Windows User Name name of the curertly logged on Windows
user. But the user name may be changed.

The box for the user name contains the user
(71 Force Windows User Name name of the cumertly logged on Windows
user. This uger name cannot be changed.

Figure 23. Selecting Global Policies

5. Select “Reporting” tab, then uncheck “Print with watermark”
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Figure 24. Selecting reporting

5.3.6 Sample Temperature Accuracy (AS-AP autosampler only)

This section describes how the sample temperature accuracy is determined for the following Thermo
Fisher Scientific autosamplers: AS-AP. For this test, only the autosampler is required. The other modules
of the IC system are not required.

Test Procedure
The following table lists the materials required for performing the test.

Part No. Description Quantity
6820.0010 Type K temperature sensor for P600 thermometers 1
5705.0050A Column Thermostat PQ Kit 1

In addition, a standard polypropylene vial (10 mL) is required. Fill the vial with water (do not cap).

Connecting and Configuring the System

System connections

e Connect the Dostmann P600 Thermometer and the Type K temperature sensor. Make the
settings (that is, adapt the sensor type and calibration values) as described in the instructions for
the P600 Thermometer.
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Figure 25. P600 Thermometer and the Type K sensor

Figure 26. P600 Thermometer and the Type K sensor

¢ Fill an open standard polypropylene vial (10 mL) with water and place it at sample position BC1.
e Insert the thermocouple into the vial at a right angle until the tip touches the vial bottom.
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Figure 27. Temperature sensor inserted into the vial

e Rotate the carousel until the carousel cover closes completely.

Figure 28. Temperature sensor inserted into the vial

Configuration
Configuration is not required.

e Preparing Chromeleon
To qualify the sample temperature accuracy, select the following sequence:
SAMPLER_TEMP_ACC
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Performing the Test

Set the sample temperature to 15 °C. When the nominal temperature is reached, the external
thermometer is used to record the sample temperature over a period of 30 minutes.

Tip: Do not perform any autosampler commands during the test. Moving the needle arm or carousel
may damage the thermometer or autosampler. The user can use a calibrated thermometer such as
the Dostmann P600 or equivalent.

Duration
The test takes approximately 45 minutes.

5.3.7 AS-AP pH and Conductivity Qualification

This section describes how the sample pH and conductivity accuracy is determined for
the following Thermo Fisher Scientific autosampler: AS-AP. For this test, the autosampler and
other modules of the IC system are required. Please refer to the operator manual for pH and
conductivity detector set up. The pH qualification should be performed after the standard
qualification. The AS-AP pH and conductivity qualification will be set up in push mode only.

mgreate - File Edit View | Tools | Help igd)

Station Qualification...

| Instrument Qualirficatiun...

Customn '.'arial:leﬁ:litcr...
PreferF[ Configure and run tests to qualify an instrument

Discovery Manager...

Figure 29. Instrument Pane for Chromeleon 7.1

0OG for pH/Conductivity accessory requires appropriate syringe and buffer loop. Consult manual for details.

Figure 30. Starting the Instrument Qualification Wizard for Chromeleon 7.1
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Choose Special Tests (T
Select either the standard instrument qualifcation tests or special tests. [.-,‘
:

Qualfication Tests

" General
Performs general checks for instrument gualification.

# Special:
Performs special instrument qualification tests that need user interaction

[ <<Back ][ Mew>> |[ Cancel

Figure 31. Select special for the Qualification Tests

| Instrument Qualification Wizard @x |

Choose Tests i
Select the qualification tests to un L‘;
PH/Conductivity Accessory with Modular System
[ <¢Back |[ Net> |[ Cancel |

Figure 32.The pH/ Conductivity Tests will be selected if the instrument is configured correctly.
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Instrument Qualification Wizard @ x
Define a Storage Location Was
Specify where to store the results. l.‘f
Destination
chrom://icts-dell3/Chromeleon Local /Instrument Data/ICS-5000_ASAP/Qualfication
«<Back | [ Fmsh | [ Cancsl
Figure 33. Select finish
# Chromatogram b | Name Type Level Pasition Volume [ul] | Instrument Method Processing Method
1 |Nene j WARMUP Blank 1] RA1 100.0000 : WARMUP Validation
2 |Mons j pH_OFFSET_CALIER.. | Blank o RA1 100.0000 | pH7_CALIBRATION Validation
3 |Mone j pH_SLOPE_CALIBR.. : Blank 01 RAZ 100.0000 | pH4_CALIBRATION Walidation
4 | None j pH_SLOPE_CALIBR.. : Blank o RA3 100.0000 | pH10_CALIBRATION “alidation
5 | None j pH_VERIFICATION(p.. : Blank o RA1 100.0000 | pH_MEASUREMENT Yalidation
& |MNone j pH_VERIFICATION(p.. : Blank o RAZ 100.0000 | pH_MEASUREMENT Validation
7 |Mone j pH_VERIFICATION(p.. : Blank o RAZ 100.0000 ;| pH_MEASUREMENT Validation
2 |Mone j CD_CALIBRATION Elank 01 Rad 100.0000 ;| CD_CALIERATION Walidation
9 |None j CD_MEASUREMENT.. : Blank o RAS 100.0000 | CD_MEASUREMENT “alidation
Figure 34. Sequences
Performing the Check
1. Fill the vials according to the table below.
Table 11. OQ/PQ Test Timetable
Qualification Standard Sample Order on AS-P
pH Measurement pH OFFSET Calibration RAL
pH Measurement pH Slope Calibration RA2
pH Measurement pH Slope Calibration RA3
CD Calibration Blank RA4
CD Measurement Conductivity Standard RA5

2. Start the sequence.

3. A pop out screen will remind the user to configure the AS-AP with the 5mL syringe and the

8500 pL buffer loop before the qualification begins.

|OO for pH/Conductivity accessory requires appropriate syringe and buffer loop. Consult manual for details.

Figure 35. Reminder Screen
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Duration
The test takes approximately 1 hour.

5.3.8

Qualification Comments

The comments section of the report is provided as a place to record any comments, test failures,
or configuration changes that occur during the qualification.

To use the comment section, open the Water_ WU sample in the Warm Up sequence from the
console. Select the Comment tab at the bottom of the page. Enter any comments. This page can
also be printed and comments entered manually.

To print the Comment report, select “Print” from the File menu. Choose a printer and press OK to
begin printing.

Note: The template of this report is stored in the data vault of the respective
sequence. Please refer to Chromeleon 7 Quick Start Guide on how to access
report templates.

Template name: OQ_PQ _Integrated_Validation

5.4 What to do if a Test Fails

5.5

5.5.1

If at any point the instrument results do not pass within Thermo Fisher Scientific specified limits,
the instrument must be serviced. See Chapter 6 for troubleshooting assistance. When the repair
is complete, rerun all tests from the original point of failure on in the sequence. All actions for
failures and repairs should be recorded on the “comments” report. For example, if the instrument
passes tests a, b, and ¢ and fails test d, make the appropriate repairs, record the action, and then
repeat tests d — o only.

When rerunning the tests, restart the Instruments OQ or Instrument PQ procedure from the
Qualification menu and uncheck all passed tests prior to the test that failed. All tests after the test
that failed should be left checked even if they have previously passed. The Warm Up sequence is
always required and must be rerun.

OQ/PQ Completion
Customer Review

The printed results should be reviewed by the instrument owner/user.

When the qualification is accepted, both the Customer and Qualification Executor need to sign
the printed reports.

Fill out the Qualification Stickers and Certificates of Functional Performance for the qualified
modules.
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4.

5.5.2

5.5.3

3

Place the reports and certificates into the binder provided in the OQ/PQ kit and leave it with the
customer.

Accuracy of reports

In accordance with Good Laboratory Practice, calculations used to determine the results in the
printed reports use more significant figures than those shown and are rounded down for the final
report. When reproducing the calculations by hand it may be necessary to obtain numbers from
the reports after increasing the number of displayed significant figures.

The number of displayed significant figures can be adjusted through the report publisher. Open
the sequence containing the samples for the test being examined and double click on a sample.
The sample data should be shown. Highlight the numbers being used for the hand calculations,
click on the Format menu and select number. The number of digits displayed can be increased by
changing the number type; for example, entering 0.00000 into the Type field will increase the
number of displayed decimal places to 5. Always use more significant figures for hand
calculations than are shown in the printed report.

Return the System to the Original Configuration

If the Signal factor was modified in the system preparation, or a module was renamed it must be
set back to its original value. Open the Chromeleon Instrument Configuration application. Double
click on the detector/s qualified to view the properties page. Select the Signals page to change
the factor back to the original value and the General page to change the name back to the
original value. Exit the properties page and save the configuration.

Disconnect the Backpressure Coil and restore the system plumbing to its original configuration
with the appropriate columns, suppressors, and Eluent Generator in line.

SAMPLE IN

SAMPLE LOOP

PUMP IN

{PULSE DAMPCRy

Figure 36. Final valve plumbing diagram

Remove the sample loop and reinstall the original sample loop back onto the injection valve, as in
Figure 8 above. For systems using an AS or AS50 Autosampler, go to the Main Menu on the
front panel of the autosampler. Access the Module Set Up screen and then go to Plumbing
Configuration. Change the sample loop size back to its original value. For systems using the
AS-AP Autosampler, open Instrument Configuration and go to the Options tab for the AS-AP
Autosampler and change the sample loop size back to the original value
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4 Reconnect the original eluents to the pump and prime each line individually to purge the eluents
used in the OQ/PQ tests.

5 Flush the system with an eluent recommended by the customer and confirm that there are no
leaks.
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6 Troubleshooting

6.1 General Hints

If the system pressure is above 2000 psi after connecting the PEEK Backpressure coil with a flow
rate of 1.00 mL/min, the coil has a blockage. Re-cut the ends of the coil or replace it.

Dips before or after the main nitrate or caffeine peak indicate extra dead volume in the system.
This is caused by small voids between the end of a liquid line and the bottom of the port.
Individually disconnect each line from the injection valve to the detector cell. Push the ferrule and
fitting up and away from the end of the tubing. Make sure the tubing is cut straight; if it is not, re-
cut the end. When reinstalling all liquid connections, first insert the tubing all the way into the port
until it touches the bottom. Hold the tubing in this position while inserting and tightening ferrule
and fitting down into the port.

6.2 Failure of Individual Tests

6.2.1  Conductivity Detector Tests

Table 12. Troubleshooting Conductivity Detector Test Failure

Test Reason Action
. Replace with an alternate water
Poor water quality
source
Baseline Noise Air bubbles in flow cell Flush out flow cell
Cell temperature regulation Replace cell

failure

Allow longer flush/equilibration

System not equilibrated time

Regulate temperature (block

Drift Lab temperature not stable .
vents, close windows, etc.)

Degas water or turn degas unit

Water not degassed onto “Always On” setting.

Concentration of standards is

) Obtain new fresh standards
incorrect

Liquid leak Find and repair source of leak

Injection volume not consistent Overfill sample loop at least 4x
(manual injections only) when loading

The peak height of the sample
with the highest concentration is
not in the linearity range
specified for the detector, i.e.,
usually > 1500 mAU (for
Thermo Fisher Scientific and
PDA

detectors).

Detector Linearity Reduce the injection volume for
all samples used for the detector
linearity check so that the peak
height of the sample with the
highest concentration is in the

linearity range of the detector,
i.e., usually < 1500 mAU.
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6.2.2 Pump Tests

Table 13. Troubleshooting Pump Test Failure

Test

Reason

Action

Flow Rate Accuracy and
Precision

Flow rate out of calibration

Re-calibrate the flow rate of the
pump

Leaking piston seals

Replace piston seals

Faulty check valves

Replace check valves

6.2.3

Autosampler Tests

Table 14. Troubleshooting Autosampler Test Failure

Test

Reason

Action

Injector Precision

Air injected from vial or from
sample syringe when doing
manual injections

Air bubbles in autosampler
sample syringe

Liquid leak in autosampler or
injection valve

Poor water quality in flush
reservoir

Too little sample volume in vial —
refill vial or flush bubbles out of
injection syringe

Flush out syringe

Find and repair source of leak

Change water and flush sampler
fluidics

Injection Volume Linearity

Detector failure

Defective sample syringe

See Detector linearity
troubleshooting section

Replace sample syringe

Carryover

Contaminated injection valve
Contamination in autosampler

Contamination in sample vial or
in syringe used for manual
injections

Replace injection valve rotor and
stator face

Flush/replace autosampler liquid
lines

Use new sample vial for
deionized water blank, rinse vial
thoroughly before using, flush
syringe or use a new one

Sample Prep Precision

Tray Temperature
Accuracy

Air injected from vial

Air bubbles in AS sample syringe
or prep syringe

Defective prep syringe

Liquid leak in autosampler or
injection valve

Poor water quality in Sample
Prep reservoir

Thermometer not calibrated

Too little sample volume in vial,
refill vial

Flush out syringe
Replace prep syringe
Find and repair source of leak

Change water and flush sampler
fluidics

Obtain a new calibrated
thermometer
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6.2.4  Eluent Generator Tests (ICS-2000/2100)

Table 15. Troubleshooting Eluent Generator Test Failure

Test Reason Action
Quialification Test box not Reconnect test cell cable to the
connected properly Eluent Generator, confirm

ammeter or multimeter leads are
making contact with test cell
wires

Current Ammeter or multimeter on wrong | Ammeter or multimeter should

setting be set to read current (mA).
Range should be set to view
0.00 to 300.00 mA

Qualification test box defective Replace qualification test box

6.2.5 Column Heater Tests

Table 16. Troubleshooting Column Heater Test Failure

Test Reason Action
Co!umn Compartment not Recalibrate the Column Heater
calibrated
Temp.erat.ure Fluke Multimeter not calibrated Obtayn a new calibrated Fluke
Quialification Multimeter
Thermometer not fitted in column Fit thermometer in column
compartment correctly compartment correctly
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7 Example Report

The example report is for an ICS-2100 configured with an AS-AP Autosampler.
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1 Introduction

Operational and Performance Qualification are becoming increasingly important to analytical
laboratories. Documented evidence must be provided to demonstrate the integrity of data collected
and qualify the results obtained on laboratory instrumentation.

The following institutes set and control industry instrumentation standards:

NIST The National Institute of Standards and Technology is an administrative body of the US
Department of Commerce. Together with industry, the NIST develops new technologies and sets
technological standards countrywide. Thermo Fisher Scientific includes NIST traceable standards as
part of the qualification kit.

ASTM The American Society for Testing and Materials sets technical standards and rules for the
industry worldwide, specifically; E 1657 — 98: Standard Practice for Testing Variable-Wavelength
Photometric Detectors in Liquid Chromatography. E1511 — 93: Standard Practice for Testing
Conductivity Detectors used in Liquid Chromatography. E19.09.07: Proposed Standard Practice for
Evaluation of Gradient HPLC pumps — Draft.

USP The United States Pharmacopeia (USP) is an official public standards—setting authority for all
prescription and over—the—counter medicines and other health care products manufactured or sold in
the United States. USP establishes documentary and reference standards to ensure quality
analytical instrument qualification process.

These standards are written in broad terms to make them as widely applicable as possible. All
stipulate general requirements specifying instruments must be fit for purpose, technically checked in
defined periods, calibrated and make sure that test results are documented according to international
quality standards. The OQ/PQ procedure used to qualify Thermo Fisher Scientific lon
Chromatography Systems meets the requirements established by NIST, ASTM and USP.

This OQ/PQ procedure provides qualification testing for ICS-5000/ICS-5000" analytical systems
composed of any modules listed in section 1.6.

OQ/PQ results can be influenced by unusual laboratory conditions. For example, direct sunlight and
close proximity to air conditioning ducts will cause thermal irregularities that will affect baseline drift
on conductivity detectors. In these cases, it may happen that the manufacturer’s specifications are
not met. Ensure that the instrument is operated in suitable environmental conditions or for PQ, the
specifications may be adjusted accordingly.

All OQ/PQ activities must be formally recorded, all instruments must be clearly identified, and test
reports and supporting documentation must include the following information:

=  Module name, type and serial number
=  Software and firmware version

= Testdata

=  Service interval

=  Signature of the Thermo Fisher Scientific Service Engineer/Qualification Executor who
performed the OQ/PQ

=  Signature of the customer who reviewed and accepted the OQ/PQ results
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1.1 How to use this manual

It is essential that the operator read and understand this manual completely before implementing
any OQ or PQ process.

1. Use the table of contents to determine which tests are required for the system to be qualified
and refer to the recommended sections. This will help keep track of what steps to follow during
system setup and preparation. It will also aid in selecting the appropriate sequences to run the
tests.

2. For the ICS-5000/ICS-5000+ system, electrochemistry cells in Integrated Amperometry mode
are supported for qualification tests. For the Integrated Amperometry detection qualification a
pH/Ag/AgCl reference electrode is required for all tests. The ICS-5000/1CS-5000+
electrochemistry detector DC amperometry and cyclic voltammetry modes are not supported for
OQ/PQ testing. When qualifying Integrated Amperometry detection a disposable amino acid
gold working electrode is used; other electrodes are not supported.

3. Use the Table of Contents and the List of Tables as reference guides to locate information
quickly.

The electronic version of the OQ/PQ operator’s manual contains numerous hypertext links that
can take you to other locations within the file. These links include:

 Table of contents entries

« Cross-references (underlined in blue) to sections, figures, tables, etc.

Chapter 1 Introduction
Introduces the conventions used in performing OQ/PQ with the ICS-5000/ICS-5000" analytical
systems; including the basic requirements, industry standards and manual summary.

Chapter 2 Overview of the Tests
Provides an overview of the tests available to be performed.

Chapter 3 Explanation of Test Procedures
Describes the theory behind each test, the OQ/PQ operating procedures and evaluation of the
results.

Chapter 4 Qualification Preparation
Step by step preparation instructions for the OQ/PQ software, hardware installation and the details of
the materials in ship Kits.

Chapter 5 Performing the Qualification
Detailed operating instructions on how to perform the OQ/PQ including test order, time table,
sequence initialization and troubleshooting tips.

Chapter 6 Troubleshooting
Lists problems and presents step-by-step procedures for how to isolate and eliminate the cause of
each problem.

Chapter 7 Example Reports
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1.4 Operational Qualification (OQ)

According to “The Development and application of guidance on equipment qualification of analytical
instruments” by P. Bedson and M. Sargent [Accred. Qual. Assur. (1996) 1: 265 — 274] the following
definition applies:

“The purpose of OQ is to prove and document that an analytical system functions according to its
operating specification while the specific environmental conditions are taken into account. In his
specification, the supplier has therefore to define exactly the conditions that must be observed.”

OQ should be performed after initial system installation or when an additional new module is added
to an existing system. OQ should be done according to the instructions outlined in this manual and
all tests should be performed by a qualified Thermo Fisher Scientific Service Engineer. Any hand-
written notes made during the performance of the tests must become part of the test results, in
accordance with Good Laboratory Practice (GLP) and current Good Manufacturing Practice (cGMP).

1.5 Performance Qualification (PQ)

According to “The Development and application of guidance on equipment qualification of analytical
instruments” by P. Bedson and M. Sargent [Accred. Qual. Assur. (1996) 1: 265 — 274] the following
definition applies:

“The purpose of PQ is to prove and document that an analytical system functions according to a
specification that is suitable for the system'’s routine operation. A system is subject to wear when
being operated. Thus, it may happen that the supplier’s specification is no longer met. This means:
The test procedures used for OQ are also used for PQ, but the tolerances of PQ are less restrictive
than those for OQ. Using the same test procedures simplifies the handling.”

PQ should be performed at regular intervals after the initial installation and OQ. Thermo Fisher
Scientific recommends performing PQ every six months. PQ should be done according to the
instructions outlined in this manual and all tests should be performed by a qualified Thermo Fisher
Scientific Service Engineer. Any hand-written notes made during the performance of the tests must
become part of the test results, in accordance with Good Laboratory Practice (GLP) and current
Good Manufacturing Practice (cGMP).
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1.6 Basic Requirements for Successful OQ and PQ

It is recommended that the most current revision of the OQ/PQ software templates is used in order
for a qualification to be considered valid. It is the responsibility of the qualification engineer to
determine the most up to date revision of the templates available and ensure that the revision is
used before proceeding with this qualification or if the customers SOP require an earlier OQ/PQ
version to be used.

It is recommended that the qualification be performed using the most current Chromeleon® service
pack version (Contact Thermo Fisher Scientific Technical Support for current version).

It is recommended that the qualification be performed using the most current firmware version for
each system or module (Contact Thermo Fisher Scientific Technical Support for current version).

Operational Qualification and Performance Qualification are system-specific test procedures. The
procedures described below are valid for IC systems comprising of the following equipment (only
one type of detector and one pump can be qualified concurrently):

¢ Pump: ICS-5000/ICS-5000+ SP or ICS-5000/ICS-5000+ DP (Analytical version)
¢ Manual injection or any of the following autosamplers: AS, AS-DV or AS-AP

e AS-AP autosampler 10 mL tray (P/N 074938) with ICS-5000/ICS-5000+ CD (pull or push
mode) and 1.5 mL tray (P/N 074936) with ICS-5000/ICS-5000" CD and ED (push and push
sequential mode).

e Absorbance detector: ICS Series VWD or ICS Series PDA.
e Conductivity detector: ICS-5000/ICS-5000" CD

e Electrochemical detector: ICS-5000/ICS-5000" ED

e Eluent Generator: ICS-5000/ICS-5000" EG

Note: Ensure that the seal wash option is turned off during the qualification. After the OQ/PQ
tests are finalized, be sure to re-enable the seal wash option.

In addition, Chromeleon® version 7.1 or higher is required and the following requirements must also

be met:
Table 1. ICS-5000/ICS-5000" and Chromeleon Compatibility
Module Minimum Chromeleon Software Version
AS-AP 7.1 SR1c
AS 7.1 SR1
AS-DV 7.1 SR1
ICS-5000/ICS-5000" SP or DP 7.1 SR1
ICS-5000/1CS-5000" EG 7.1 SR1
ICS-5000/ICS-5000" DC 7.1 SR1
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ICS-5000/ICS-5000" CD 7.1 SR1
ICS-5000/ICS-5000" ED 7.1 SR1
FLUKE189/289 7.1 SR1
ICS Series VWD 7.1 SR1
ICS Series PDA 7.1 SR1
ICS-5000/ICS-5000" TC 7.1 SR1

It is possible to qualify modules in systems that are not listed in this section; however some
modification of the included programs may be required. Such modifications are not within the scope
of this document. For the ICS-5000/ICS-5000", it is not possible to qualify multiple pumps on a single
system. If multiple pumps are configured on a single Chromeleon Timebase, the second pump will
be ignored by the programs. To qualify the AS-AP or AS autosampler with the injector linearity test
(partial loop injections) a 250 pL injection syringe is required.
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2 Overview of the tests

The following table provides an overview on the parameters to be tested and the limits

recommended for OQ and PQ.

e Template sequences (with programs specific to the Instrument Configuration are generated
based on the master sequence of the OQ/PQ templates and the system configuration in the IC
Instrument).

e The sequences are copied from each test that is to be performed on the subject system.

e The Chromeleon software will automatically create a default unique name and directory to contain
all template sequences.

e Test sequences must be run in the order they are listed. Do not alter the test sequence order.

Table 2. OQ/PQ Specification Limits: ICS-5000/ICS-5000" CD Baseline Noise/Drift and Detector

Linearity
o Limits
Instrument Parameter Description 00 PQ
ICS-5000/ICS- | Baseline ASTM Type | Deionized water 1.0nS 2.0nS
5000° CD Noise with low total organic carbon
.
Baseline Ej-g?e?:'zorlsa{) :rﬁg\?vdr;rtléogfgf (t)he 10.0 nS/hr 20.0 nS/hr
Drift - ' 3.33nS/20 6.67 nS/20
mL/min. . .
min min
Detector 5 Nitrate solutions from the r 20.999 r 20.999
Linearity OQ/PQ standards kit
P/N 063540 are injected in RSD <5.0 % RSD <5.0 %
different concentrations.
Concentration (ppm) and peak
height (uS) are represented on a
graph. The correlation coefficient
for the resulting line and the
deviations from it indicate the
linearity.
ICS Series Baseline ASTM Type | Deionized water 30 pAU 40 AU
VWD Noise with low TOC is pumped through
] the detector at a flow rate of
Baseline 1.0 mL/min. Wavelength 200 yAU/hr | 200 pAU/hr
Drift 254 nm and 520 nm.
Wavelength Holmium oxide maxima are
compared with the theoretical +2nm +2nm
Accuracy :
maxima.
5 Caffeine solutions from the
OQ/PQ standards kit P/N
063540 are injected in different
concentrations. The absorbance
is measured at a wavelength of r=0.999 r20.999
Detector X
Linearit 272 nm. Concentratlon (ppm) .
y and peak height (mAU) are RSD=5.0% | RSD <5.0 %
represented on a graph. The
correlation coefficient for the
resulting line indicates the
linearity.
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*ASTM Type 1 Deionized water Total Organic Carbon Specification: <50 ppb.

Table 3. OQ/PQ Specification Limits: ICS-5000/ICS-5000" PDA and ED Baseline Noise/Drift and Detector

Linearity

Instrument

Parameter

Description

Limits

0oQ

PQ

ICS Series
PDA

Baseline
Noise

Baseline
Drift

ASTM Type | Deionized water
with low total organic carbon
(TOC) is pumped through the
detector at a flow rate of

1.0 mL/min.

Observed wavelengths are set
for simultaneous monitoring at
254 nm and 520 nm

0.04 mAU

0.10 mAU

0.16 mAU/20
min
0.5 mAU/hr

0.33 mAU/20
min

1.0 mAU/hr

Wavelength
Accuracy

Holmium oxide maxima are
compared with the theoretical
maxima.

+2nm

+2nm

Detector
Linearity

5 Caffeine solutions from the
OQ/PQ standards kit

P/N 063540 are injected in
different concentrations. The
absorbance is measured at a
wavelength of 272 nm.
Concentration (ppm) and peak
height (mAU) are represented
on a graph. The correlation
coefficient for the resulting line
(and the deviations from it)
indicates the linearity.

r20.999

RSD <5.0 %
< 1500 mAU

r20.999

RSD <5.0 %
< 1500 mAU

ICS-5000/ICS-
5000 ED

Baseline
Noise

Baseline
Drift

50 mM NaOH is pumped
through the detector cell at a
flow rate of 0.25 mL/min. A Au-
AAA certified disposable working
electrode (P/N 060082) is used
running the Amino Acids (pH,
Ag/AgCIl Reference) waveform.

Int. Amp:
<100 pC

Int. Amp:
<160 pC

Int. Amp:
<3000 pC/hr

<1000 pC/20
min

Int. Amp:
<3750 pC/hr

<1250 pC/20
min

Detector
Linearity

5 Threonine solutions from the
ED OQ/PQ standards kit

P/N 063541 are injected in
different concentrations.
Concentration (UM) and peak
height (nC) are represented by a
plot. The correlation coefficient
for the resulting line (and the
deviations from it) indicates the
linearity.

r20.999

RSD =<5.0 %

r20.999

RSD 5.0 %

*ASTM Type 1 Deionized water Total Organic Carbon Specification: <50 ppb.
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Table 4. OQ/PQ Specification Limits: Injector Precision, Carryover and Sample Preparation

Instrument

Parameter

Description

Limits

0oQ

PQ

All injectors and
samplers

Injector
Precision

10 injections of a defined standard at
25 pL each of the same standard are
analyzed. The percent relative
standard deviation (%RSD) of the
peak areas indicates the

reproducibility of the injection volume.

RSD <0.8 %

RSD 1.0 %

Carryover

Following the injection of a highly
concentrated test sample, a blank
sample is injected and then a water
blank sample is injected. The peak
area measured in this chromatogram
compared with the peak area of the
highly concentrated sample indicates
the amount of carryover. If there is
any peak area measured in the water
blank sample, that area is subtracted
from the area of the blank sample
before it is compared to the highly
concentrated sample.

<0.1%

<0.1 %

AS-AP, AS

Linearity of
Injector Volume

5 injections of the same standard sample
are analyzed. The injection volumes are
different (10 pL to 50pL). Injection volume
and peak area are represented on a plot
of uL vs. nC in ED and pL vs. pS in CD.
The correlation coefficient of the resulting
line (and the deviations from it) indicates
the linearity.

r20.999
RSD <1.0 %

r20.999
RSD <1.0 %

AS

Sample
Preparation
Precision (if
present — not
supported on
the AS with
ICS-5000/ICS-
5000" ED
detection)

3 samples of identical concentration
are prepared from the same starting
vial into 3 separate vials and injected.
The relative standard deviation of the
peak areas indicates the
reproducibility of the sample
preparation.

RSD 1.5 %

RSD 2.0 %

AS-AP

Temperature
Accuracy
(if present)

The sample temperature is measured
using an external thermometer in a
standard vial. The vial is filled with
water and measured at 15.0 °C.

15.0+x2.0°C

15.0+4.0°C

AS-AP pH

pH Accuracy

The sample temperature
calibration is measuring the pH at
4,7 and 10. The reading is stable
if the reading and the three data
points are within 0.2 pH unit of
each other.

+/- pH 0.1

+-pH 0.2
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AS-AP
Conductivity

Conductivity
Accuracy

The conductivity calibration
procedure consists of determining
the conductivity zero point of the
accessory and then measuring
the conductivity of a 1000 uS
standard.

+/- 30 uS +/- 50 pS

*ASTM Type 1 Deionized water Total Organic Carbon Specification: <50 ppb.

Table 5. OQ/PQ Specification Limits: ICS-5000/ICS-5000" EG Current, SP/DP Flow Rate
Accuracy/Precision and DC Column TC Temperature

Instrument

Parameter

Description

Limits

0oQ | PQ

ICS-5000/ICS-
5000° EG

Current
Quialification

The eluent generator (EG) is
commanded to produce a series
of different concentrations (using
the current cartridge type
configured with a concentration
range between 0 mM to

100 mM). At each EG
concentration setting the current
(mA) produced by the EG is
measured and compared with
theoretical values.

See Modular Validation
Report at:

OQ_PQ_Modular_Validation

ICS-5000/ICS-
5000" SP,
ICS-5000/ICS-
5000 DP

Gradient
Step
Accuracy

A step gradient of channels A
and B,then Cand D is
programmed and measured.
Theoretical signal heights are
compared with recorded signal
heights for each step. The
deviations between theoretical
values and measured values
indicate the step accuracy. For
channels A and C Deionized
water is used, for channels B
and D 0.3% v/v acetone
(absorbance detectors), 8.3 uM
glucose (electrochemical
detectors) or 1 mM KCI
(conductivity detectors) is used.

2.0% <2.0%

Gradient
Step
Noise

For each step of the gradient run
described above the noise is
determined relative to the signal
height.

<0.2 % for
CD, VWD,
PDA PDA

<0.5 % for <0.5 % for
ED ED

<0.2 % for
CD, VWD,
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Flow Rate
Accuracy

(Analytical
Pump)

Water is pumped at a flow rate
of 1.00 mL/min into a weighed
beaker for exactly 5 minutes.
The weight of the water is
measured, the flow rate of the
pump calculated and compared
with the theoretical value. This
experiment is repeated four
more times.

1.00 + 0.05
mL/min

1.00+ 0.05
mL/min

Flow Rate
Precision

Analytical Systems: Water is
pumped at a flow rate of

1.00 mL/min into a weighed
beaker for exactly 5 minutes.
This procedure is repeated four
more times. The relative
standard deviation of the five
measurements is calculated.

<2.0 %

<2.0%

ICS-5000/ICS-
5000 DC

Column TC
and
Compartment,
Temperature
Verification

The Analytical DC column
temperature is set to 30 °C and
the Analytical DC compartment
temperature is set to 20 °C for
the duration of the entire
qualification. At the end of the
qualification the temperature of
the column heater is measured
with a calibrated external
thermometer and compared with
the theoretical value.

+2.0°C

+25°C

*ASTM Type 1 Deionized water Total Organic Carbon Specification: <50 ppb.

Note: The instrument’s specifications can only be met if the conditions that are described in the
accompanying manual are strictly observed.

Note: The VWD and PDA Detector UV and visible lamps must be turned on at least two hours prior to
performing the qualification.
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3 Explanation of Test Procedures

3.1 Flow Rate Accuracy and Precision Qualification

3.1.1 Theory

The accuracy and precision of an analytical pump is qualified by accurately measuring 5 aliquots of
eluent into a tared sample beaker for exactly 5 minutes each. The injection valve is used to measure
the 5 minute aliquot and the volume of each aliquot is determined gravimetrically. The backpressure
coil is placed before the injection valve and equal lengths of tubing are used for eluent and waste to
ensure that there is no backpressure change when switching the valve from waste to sample.

3.1.2 Performing the Test and Evaluating the Results

The Flow Rate Accuracy and Precision Qualification are run using the sequence called
XQ_Flow_Rate. The five weight measurements for the aliquots are entered manually into the report
and converted to volume when the temperature is entered. Accuracy is measured by comparing the
theoretical value (5.00 mL in 5.00 min) to each of the five aliquots and precision is measured by
determining the relative standard deviation of the five aliquots.

3.2 Eluent Generator Current Qualification

3.2.1 Theory

The Eluent Generator Current Qualification is determined by performing an EG step gradient using
varying eluent concentration set points. The EG applies a specific current to the EG cartridge
depending on the concentration of eluent and type of cartridge selected. An IC Qualification test box
(P/N 072005) is used in place of the EG cartridge and the applied current for each step is measured
using an ammeter or voltmeter that is connected to the test cell. No injection is performed.

3.2.2 Performing the Test and Evaluating the Results

The Eluent Generator current qualification test is the next test in the sequence queue and the
sequence is called XQ_EG_Current or XQ_EG_Dual_Current. The current readings in mA are
displayed on the voltmeter for each concentration step in the gradient. Values for each step are
manually recorded (please enter at least three figures after the decimal in each entry) or can be
automatically downloaded into the Report Template when using a Fluke 189/289 or equivalent
multimeter (calibrated with up to 300 mV DC scale range and the multimeter needs to display three
decimal places) which is configured in the instrument as a module using the appropriate device
driver. The sequence follows an XQ_Stop sequence that will pause the system to allow connection
of the qualification test box and recording of the results.

3.3 Warm up

The warm up sequence is used to ensure that all parts of the system are responding appropriately
and to record logs to the audit trail (later used to update the information in the report definition file). It
is called XQ_Warm_Up where; X is P for PQ and O for OQ. The warm up sequences from the AS-
AP directory inject the low level standards.
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3.4 Baseline Noise and Drift (Conductivity and Absorbance Detector)

3.4.1 Theory

A 20-minute detector baseline background trace is collected using Deionized water as the eluent at a
flow rate of 1.00 mL/min. For ICS Series VWD and PDA detectors, data is collected at 254 nm and
520 nm. No injection is performed. Then a short equilibration is done at 272 nm.

Noise is calculated by partitioning the 20-minute baseline signal into 20 one-minute intervals. The
noise is the distance between two parallel lines through the measured minimum and maximum
values and the regression line. The measured noise values are then averaged to establish the final
value. To calculate drift, the Chromeleon software uses a method of least squares and calculates a
regression line from the measured values. The slope of the regression line indicates the drift of the
measured signal, and the amount of the slope indicates the amount of drift.

Noise Calculation

@@@@@@@.@.@@@.@.@..@

Intensity (nC)

wmwwmmwmwmwm WWMW,MWMWWM~W

| | | | | | | | | | | | | | | i ; II i
u} 1 2 3 4 I+ 51 T =] g 10 11 12 13 14 15 16 17 18 19 20
Time (min)

20
o= & 2
Noise = = 20
> i=1

Figure 1. Noise Calculation
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Drift Calculation

Drift = slope of the regression line

Intensity (nC)

Time (min)

Figure 2. Drift Calculation

The slope of the regression line indicates the drift of the measured signal, and the amount of the
slope indicates the amount of drift.

3.4.2 Performing the Test and Evaluating the Results

Noise and drift evaluation for all IC detectors is the next test in the sequence queue and is called
XQ_Detector_Noise_Drift where X is P for PQ and O for OQ and Detector is CD for conductivity
detectors, UV_Vis for PDA and VWD detectors.

Note: Ensure that the seal wash option is turned off from the Chromeleon F8 commands
window during the qualification. After the OQ/PQ tests are finalized, be sure to re-enable the
seal wash option.

o Froperties Commands
gg Property |Va|ue |
=
=& Pump_1 Degasser GO =
Pump_1_Prezsure s NoLeak
= Pump_2 LeakAlam (O
F‘;mp 2_Pressure LeakDelay 120[5]
5 & ElentGensrator LeakSensordode Disabled .
=] EGC 1 Rear5 ealleakCounter 3
EGC 1 Caliwation RearSealLeakLimit 5
=1 EGC 2 * RearSeah/ashPump Idle
EGC 2 Caliwation RearS eahi ashSyster 0 .
Sampler T SolvertRacklLeak NolLeak
= System A
Injection
Mextinjection
Previnjection
PresvStandard

Figure 3. Rear seal wash option in the F8 commands window
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3.5 Noise and Drift (Integrated Amperometry)

3.5.1 Theory

A 20-minute detector baseline is collected using 50 mM NaOH as the eluent at a flow rate of

0.25 mL/min. An Amino Acid disposable gold working electrode (Thermo Fisher Scientific P/N
060082) is used along with the Amino Acid (pH/Ag/AgCl Reference) waveform. This test requires a
pH/Ag/AgCl reference electrode. No injection is performed.

3.5.2 Performing the Test and Evaluating the Results

Noise and drift evaluation for Integrated Amperometry detector is the only test in the sequence
Queue and is called XQ_ED_Amp_Noise_Dirift.

Noise is calculated by partitioning the 20-minute baseline signal into 20 one-minute intervals. The
noise is the distance between two parallel lines through the measured minimum and maximum
values and the regression line. The measured noise values are then averaged to establish the final
value. To calculate drift, the Chromeleon software uses a method of least squares and calculates a
regression line from the measured values. The slope of the regression line indicates the drift of the
measured signal, and the amount of the slope indicates the amount of drift (Figure 1 and 2).

Note: Ensure that the seal wash option is turned off during the qualification. After the OQ/PQ
tests are finalized, be sure to re-enable the seal wash option.

3.6 Injector Precision

3.6.1 Theory

Injector precision is determined by performing ten replicate injections of a standard using a fixed
sample volume.

PDA/NVWD: A 40 ppm caffeine standard is injected when using absorbance detection at a wavelength
of 272 nm. Deionized water is used as the eluent at a flow rate of 1.00 mL/min.

Conductivity Detector: A 50 ppm nitrate standard is injected when using conductivity detection.
Deionized water is used as the eluent at a flow rate of 1.00 mL/min with conductivity.

Electrochemical Detector: A 10 pM threonine standard is injected when using 1CS-5000/ICS-5000"
ED detector in Integrated Amperometry mode. A 50 mM manually prepared NaOH is used as eluent
at a flow rate of 0.25 mL/min with a 2 mm x 50 mm CarboPac PA1 (P/N 057179) guard column. An
Amino Acid disposable gold working electrode (Thermo Fisher Scientific P/N 060082) and a 2 mil x 1
mm Teflon gasket (Thermo Fisher Scientific P/N 060141) are used with the Amino Acids (pH, using
Ag/AgCl Reference electrode) waveform.

3.6.2 Performing the Test and Evaluating the Results

Injector precision evaluation is the next test in the sequence queue and the samples are called

Inj Precision_1 through Inj Precision_10 in the XQ_Detector_Inj_Precision sequence, where X is O
for OQ, P for PQ, and Detector is CD for conductivity detectors, ED for amperometry detectors and
UV for absorbance detectors. The concentration of the nitrate or caffeine or threonine standard and
the sample volume injected is included in the QNT file used for injector linearity.

Precision is determined by calculating the relative standard deviation of the peak areas for the ten
injections.
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3.7 Sample Carryover

3.7.1 Theory

Sample carryover is determined by injecting a highly concentrated sample, followed by a blank
sample and then a second blank injection. The blanks in this case are Deionized water.

PDA/ VWD: Caffeine at a concentration of 80 ppm is injected when this test is performed with an
absorbance detector.

Conductivity Detector: Nitrate at a concentration of 1000 ppm is injected when this test is performed
with a conductivity detector.

Electrochemical Detector: A 10 pM threonine standard is injected when using ICS-5000/ICS-5000"
ED detector in Integrated Amperometry mode. A 50 mM manually prepared NaOH is used as
eluent at a flow rate of 0.25 mL/min with a 2 mm x 50 mm CarboPac PA1 (P/N 057179) guard
column. An Amino Acid disposable gold working electrode (Thermo Fisher Scientific P/N 060082)
and a 2 mil x 1 mm Teflon gasket (Thermo Fisher Scientific P/N 060141) are used with the Amino
Acids (pH, using Ag/AgCl Reference electrode) waveform.

Ideally, the chromatogram of the two blank injections should be identical. If, however, a difference is
detected, the difference between the peak areas is calculated and the ratio of this difference to the
highly concentrated sample is calculated. ASTM Type 1 water is used as the eluent at a flow rate of
1.00 mL/min for absorbance and conductivity detectors.

3.7.2 Performing the Test and Evaluating the Results

Sample carryover evaluation is included in the same sequence as the Injector Precision test of the
sequence queue and the samples are called Water, Carryover and Water_CO in the
XQ_Detector_Inj_Precision_CO sequence.

A peak area ratio is calculated between the blank and high concentration sample to determine
sample carryover.

3.8 Detector Linearity

3.8.1 Theory

VWD/PDA: Detector linearity for absorbance detectors is determined at 272 nm using a sequence of
five caffeine standard injections at 15, 40, 60, 80 and 100 ppm. Deionized water is used as the
eluent at a flow rate of 1.00 mL/min.

Conductivity Detector: Detector linearity for conductivity detectors uses a sequence of five nitrate
standard injections at 5, 10, 25, 50, and 100 ppm. Deionized water is used as the eluent at a flow
rate of 1.00 mL/min.

Electrochemical Detector: Linearity for Integrated Amperometry detectors uses a sequence of five
Threonine standard injections at 1, 2, 4, 8, and 10 uM. A 50 mM manually prepared NaOH is used
as eluent at a flow rate of 0.25 mL/min with a 2 mm x 50 mm CarboPac PA1 (P/N 057179) guard
column. An Amino Acid disposable gold working electrode (Thermo Fisher Scientific P/N 060082)
and a 2 mil x 1 mm Teflon gasket (Thermo Fisher Scientific P/N 060141) are used with the Amino
Acids (pH, using Ag/AgClI Reference electrode) waveform.
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3.8.2 Performing the Test and Evaluating the Results

Detector linearity samples are called Detector linearity 1 through Detector linearity 5 in the
XQ_Detector_Linearity sequence. The concentrations of the nitrate, caffeine and threonine
standards are included in the QNT file used for detector linearity. It is recommended to enter the
actual concentration of the standards from the certification of analysis into the quantification files to
achieve the real results.

Depending on which injection module used, the peak height of the sample with the highest
concentration may exceed 1500 mAU. This is usually not within the linearity range of UV detectors.
Thus, the limits for the regression coefficient and the relative standard deviation may not be met. In
this case, reduce the injection volume for all samples used for the linearity check so that the peak
height of the sample with the highest concentration is in the linearity range of the tested detector, i.e.,
usually below 1500 mAU. As an exception, a linearity range of up to 2500 mAU is specified for the
supported VWD with an analytical flow cell installed.

If an AS or AS-AP autosampler is used when the PDA or PDA-100 detectors are tested, only 10 pL
of sample will be injected by default. However, when qualifying the Thermo Fisher Scientific VWD
detectors using an AS autosampler, 15 ul of sample will be injected.

3.9 Injection Volume Linearity

3.9.1 Theory

Injection volume linearity is determined by making five injections of a standard using injection
volumes of 10, 20, 30, 40 and 50 pL.

PDA/ VWD: A 60 ppm caffeine standard is injected when using absorbance detection at a
wavelength of 272 nm. Deionized water is used as the eluent at a flow rate of 1.00 mL/min.

Conductivity Detector: A 50 ppm nitrate standard is injected when using conductivity detection.
Deionized water is used as the eluent at a flow rate of 1.00 mL/min.

Electrochemical Detector: An 4 uM Threonine standard is injected when using integrated
amperometry detection. 50 mM NaOH is used as the eluent at a flow rate of 0.25 mL/min. An Amino
Acid disposable gold working electrode (Thermo Fisher Scientific P/N 060082) and a 2 mil x 1 mm
Teflon gasket (Thermo Fisher Scientific P/N 060141) are used with the Amino Acids (pH, using
Ag/AgCl Reference electrode) waveform.

This test is only performed on autosamplers with variable injection volume (e.g. AS or AS-AP) for
analytical systems. A 250 pL syringe is required to be configured in the AS-AP to run the injection
volume linearity test.

3.9.2 Performing the Test and Evaluating the Results

Injection volume linearity evaluation is run using the sequence called XQ_Detector_Inj_Linearity. The
concentration of the standards and the injection volumes are included in the QNT file used for
detector linearity.

3.10 Sample Preparation Precision (AS only)

3.10.1 Theory

Sample Preparation precision (conductivity detection for IC systems; absorbance detection for
analytical systems only; electrochemical detection is not supported) is determined by making three
separate injections using a fixed injection volume. Each of the three standards is prepared

065448 OQ PQ Operating Instructions Part E Rev 7.12 Page 23



ThermoFisher
SCIENTIFICThermo Fisher Scientific ICS-5000/ICS-5000" Analytical System OQ/PQ User’s Guide

individually using the autosampler’'s sample preparation option. The autosampler prepares the three
samples by first transferring 15 yL of a 1000 ppm caffeine or nitrate standard into three empty
sample vials followed by the addition of 1485 uL of water to each of the sample vials. Injections are
then made from each vial. Deionized water is used as the eluent at a flow rate of 1.00 mL/min in
analytical systems. If an absorbance detector is used the wavelength is set to 272 nm. This test is
only performed on autosamplers with the sample preparation option installed.

3.10.2 Performing the Test and Evaluating the Results

Sample prep precision evaluation is the next test in the sequence queue and the sequence is called
XQ_Detector_Samp_Prep.

Required configuration for running a successful sample preparation experiment:
- AS configured with a 10.0 mL tray (P/N 026374). Note: Sample Prep only supports 10 mL vials.
- System set up with conductivity or an absorbance detector.

Precision is determined by calculating the relative standard deviation (RSD) of the peak areas from
the three vials.

3.11 Gradient Proportioning Accuracy

3.11.1 Theory

Gradient proportioning accuracy is determined by performing a step gradient using varying
compositions of deionized water and either 0.3 % Acetone with absorbance detectors or 1 mM KClI
for conductivity detectors. When performing the test with an absorbance detector, deionized water is
used for eluents A and C and 0.3 % Acetone is used for eluents B and D with a wavelength setting of
254 nm. With conductivity detection eluents B and D are 1 mM KCI.

When performing the test with an electrochemical detector, 50 mM NaOH is used for eluents A and
B and 50 mM NaOH with 8.3 uM glucose is used for eluents B and D.

Gradient composition is measured at 0, 20, 50, 80, and 100 % of eluents B and D at a flow rate of
1.00 mL/min in analytical systems. Step noise (ripple) is measured for each step in the gradient. No
injection is performed.

3.11.2 Performing the Test and Evaluating the Results
Gradient Accuracy evaluation is called XQ_GP_Grad_Accuracy.

The measured step height is compared to the theoretical step height and a percent deviation is
calculated. Step noise is evaluated for all steps. Each step has a defined one-minute interval where
noise is evaluated. Based on a method of least squares, Chromeleon calculates a regression line
from the measured values of each interval. The noise is the distance between two parallel lines
through the measured minimum and maximum values and the regression line.

3.12 Column/Compartment TC Temperature Qualification

3.12.1 Theory

The temperature of a column/compartment TC is qualified by measuring the temperature of the
column/compartment with a calibrated thermometer after allowing the column/compartment and
thermometer to equilibrate for a minimum of 15 minutes. The temperature is recorded from the

thermometer.
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3.12.2 Performing the Test and Evaluating the Results

During the sequence queue the column compartment is set to 30 °C and the Analytical DC compartment
temperature is set to 20 °C. The Column Compartment Temperature Qualification is performed after the
completion of the sequence queue. The recorded temperature is manually entered into the report.

3.13 Wavelength Accuracy of Absorbance Detectors

3.13.1 Theory

Wavelength accuracy is evaluated using a holmium oxide filter. Three holmium oxide absorbance maxima are
compared with the theoretical maxima at 360.9 nm, 418.0 nm and 536.6 nm for ICS Series PDA and VWD
detectors.

3.13.2 Performing the Test and Evaluating the Results

For the VWD or the PDA detectors the wavelength accuracy test is the first test in the sequence queue and is
called XQ_Wavelength_Accuracy where, X is P for PQ and O for OQ. The Wavelength Accuracy Test program
executes the verification and the results are logged to the audit trail by the Wavelength Accuracy Report
program.

3.14 Sample Temperature Accuracy of Autosamplers (AS-AP only)

3.14.1 Theory

The sample temperature accuracy mainly depends on the cooling and heating accuracy of the
AS-AP autosampler, the insulation of the sample compartment, and the thermal transfer from the carousel to
the vial.

3.14.2 Performing the Test

The sample temperature accuracy is determined with the help of an external thermometer. The
temperature sensor is placed in a standard polypropylene vial (10 mL or 1.5 mL) filled with water.
The carousel cover must be closed during the test. The autosampler temperature is set to a
specified temperature. When the set temperature is reached, the sample (water) temperature is
recorded at the end of the 30 minute period. Within the 30 minutes, the sample temperature
reaches a stable value. During the run, the program will keep the carousel from moving. The
temperature accuracy is the temperature difference between the sample temperature and the
nominal autosampler temperature.

3.15 Sample pH Conductivity (AS-AP only)

3.15.1 Theory

The sample pH qualification is evaluated by checking the pH calibration and pH accuracy. The
sample temperature calibration is measuring the pH at 4, 7 and 10. The reading is stable if the
reading and the three data points are within 0.1 pH unit of each other. The pH measurement of
the accessory must be calibrated before you begin using the accessory and then periodically
thereafter. During pH calibration, the pH of a pH 7 buffer solution is measured first and the offset
is determined. Then, the pH of either a pH 4 or a pH 10 buffer solution is measured and a slope
between pH 7 and pH 4 (or pH 10) is determined. Optionally, the pH of a third buffer solution (pH
4 or pH 10) can be measured and a slope between pH 7 and the third buffer determined. The
conductivity calibration procedure consists of determining the conductivity zero point of the
accessory and then measuring the conductivity of a 1000 uS standard. Chromeleon determines
the calibration offset and slope and calculates a new cell constant.
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4 Qualification Preparation

Materials required for system qualification depend on the system configuration. Table 6 lists the kits
available to be used with the ICS-5000/ICS-5000" Analytical configurations. Table 7 describes the
base kit for several instrument configurations. Tables 7b and 7c describe consumable items used
with each of the two kits.

Changes or additions to a system configuration may require additional materials.

4.1 Materials in Kits

Table 6. Required Kits for ICS-5000/ICS-5000" Analytical Configurations

Part Description Part Number

IC OQ/PQ Kit for IC systems 063540
(PROD,KIT,0Q/PQ,ICS,CD ABS)

IC OQ/PQ Kit for ICS-5000/ICS-5000" or ICS-3000 Analytical ED detectors 063541
( PROD,KIT,0Q/PQ,ICS,ED)

Table 7. Hardware items in 063540 and 063541 Kits

Part Description Part Number Quantity

3 — Way mixing tees
e Connect eluent lines and eluent bottles

024314 2

Certificate of Functional Performance 031423 6
Test Binder 035863 1
Tubing, 0.010” (0.25 mm) ID x 60" (150 cm) length black
PEEK
042690 60" (152 cm)

e Connect pump to injection valve, backpressure tubing
to detector, etc.

25 pL Sample Loop

L 042857 1
s AS-DV or Manual injection
100 pL Sample Loo
HE- Sample -0op 042951 1
e AS-AP or AS autosamplers
Red PEEK Tubing 0.005” (0.125 mm) ID x 39” (99 cm) length
e Generate system backpressure and delay volume for 044211 39" (99 cm)
detector and injector tests
Restrictor Microbore, Gradient Test 049630 1
Yellow PEEK Tubing (0.003”, 0.075 mm ID)
e Generate system backpressure and delay volume for 049715 39" (99 cm)
detector and injector tests in Analytical Systems only
Quialification labels 050837 6
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OQ/PQ User’s Manual Part E Version 7.10 (this document) 065448 Part E 1
High-pressure ferrules, double cone, 10-32 074373 6
High-pressure bolt, 10-32 074449 6

Table 7b. Consumables in 063540 Kit for Conductivity or Absorbance Detection

Part Description Part Number Quantity
NIST Traceable Caffeine Standards Kit
060253 1
e Absorbance detectors
NIST Traceable Nitrate Standards Kit
060254 1

e Conductivity detectors

Table 7c. Consumables in 063541 Kit for Amperometric (ED) Detection

Part Description Part Number Quantity
CarboPac PA1 Guard 2 mm 057179 1
Disposable Amino Acid AAA Working Electrodes, 3 w/ gasket 060082 1
NIST Traceable Threonine Standards Kit for OQ/PQ 063542 1
STD,GLUCOSE,10% SOLUTION,100mL 080150 1
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4.2  Additional Required Materials

The following additional items will be needed:

Table 8. Additional Materials Needed

some configurations, see Chapter 1.6)

Description Quantity

ASTM Type | (or better) deionized water (18.0 Megohm-cm, filtered) oL

e All eluent, standard, and sample preparation
Reagent Grade or better Potassium Chloride (KCI) for OQ/PQ gradient tests using conductivity detection 1

. Gradient pump tests using conductivity detectors 9
HPLC grade Acetone for OQ/PQ gradient tests using optical absorbance detection 3mL

m

e  Gradient pump tests using optical detectors

Sodium Hydroxide 50/50 w/w% (Low Carbonate) (Thermo Fisher Scientific P/N 033465) 52 mL
~5.2m

. Prepare eluent for Integrated Amperometry qualification
Ammeter or digital volt multimeter (DVM) with milliamp (300 mA scale) setting for OQ/PQ tests using an
EG. Must be capable of displaying 0.00 to at least 220 mA. A Fluke Model 189, 289 or equivalent DVM will 1
allow for automated EG Current testing.
Digital thermometer. Temperature accuracy test can be performed with a Dostmann P600 Thermometer or 1
equivalent. The P600 is included in Kit (P/N 5705.0050A)
Type K temperature sensor for Dostmann P600 Thermometer (P/N 6820.0010) 1
Thermo Fisher Scientific analytical conductivity cell (detector) 1

. Detector, injector and gradient pump tests using conductivity detectors in conductivity mode
AS or AS-AP in pull mode: 10 mL vials (P/N 074228 or 055058) are required for AS-AP pull mode and AS 10
Sample Preparation Qualification
AS-AP: 1.5 mL vial tray (P/N 066332) 1
AS-AP: 1.5 mL vials (P/N 061696) 7
Black tubing 48” (P/N 042690) 1
AS-DV 5.0 mL vials with filter caps (P/N 038141) if qualifying an AS-DV autosampler 20
100 mL volumetric flasks (Class A, 100 + 0.08 mL) 1

e  Standard preparation for AS-DV and Manual Injection
1000 mL volumetric flasks (Class A, 1000 +0.3 mL)

. At least 1

e  Eluent preparation
Transfer Pipettes or Pipettor 0.5-10.0mL
Calibrated Analytical Balance - capable of mass recording to the nearest milligram or better

e  Weigh KCI for eluent preparation 1

e Weigh eluent for the Flow Rate Accuracy and Precision test
Calibration and Check Standard pH 4 (P/N 033238) 1
Calibration and Check Standard pH10 (P/N 033240) 1
1000 uS Standard (P/N 080172) 1
Computer workstation running Chromeleon™ Version 7.10 (with SR1) or later (later versions required for 1
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Deionized water should be vacuum filtered through a 0.2 or 0.45 um nylon or other water
compatible membrane exhibiting very low extractables.

A 48" black tubing (P/N 042690) is recommended to be added to the yellow tubing
(P/N 049715) from the injection vale to the conductivity detector to reduce pump ripple and
cell noise.

All volumetric ware, pipettes and standard eluent storage bottles should be made of low
extractable polymeric materials such as polypropylene or polystyrene

4.3 Preparation of Standards

Two standard kits are provided in the OQ/PQ kit. Use the Caffeine Kit, P/N 060253 to qualify
systems with an absorbance detector (ICS Series VWD or PDA). Use the Nitrate kit, P/N 060254 to
qualify systems with a conductivity detector.

To qualify an ICS-5000/ICS-5000" system with an ED detector in Integrated Amperometry mode use
the Threonine standard kit for ED qualification (Thermo Fisher Scientific P/N 063542). ED detector
qualification does not support AS-DV autosamplers.

4.3.1 Caffeine standard preparation for the Injector Precision and
Carryover tests (AS-DV and manual injection only)

AS-DV Autosampler only: For the Injector Precision test prepare a 40 ppm caffeine standard using
the 1000 ppm caffeine standard ampoule included in the Caffeine Standards Kit. Pipette 4.0 mL of
the 1000 ppm caffeine standard into a 100 mL volumetric flask. Fill the flask to the mark with ASTM
Type | (or better) deionized water (18.0 Megohm-cm, filtered).

AS-DV Autosampler and Manual Injection: For the Carryover test use the 80 ppm caffeine standard
included in the Caffeine Standards Kit.

4.3.2 Nitrate standard preparation for the Injector Precision test (AS-DV
and manual injection only)

For the Injector Precision test prepare a 50 ppm nitrate standard using the 1000 ppm nitrate
standard vials included in the Nitrate Standards Kit. Pipette 5.0 mL of the 1000 ppm nitrate standard
into a 100 mL volumetric flask. Fill the flask to the mark with ASTM Type | (or better) deionized water
(18.0 Megohm-cm, filtered).

For the Carryover test use the included 1000 ppm nitrate standard found the in the nitrate standards
kit without dilution.
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4.4 Preparation of Eluents

All eluents must be prepared using ASTM Type | (or better) deionized water (18.0 Megohm-cm,
filtered). Eluent should be freshly prepared prior to the execution of the OQ/PQ tests.

4.4.1 Preparation of Eluents for use with Conductivity Detection

Prepare the following eluents and connect them to lines A, B, C and D of the pump. All eluents must
be degassed. Eluent lines A and C can be connected to one eluent bottle containing 1 L of water by
a mixing tee. Eluent lines B and D can be connected to one eluent bottle containing 1 L of 1 mM KCI
by a mixing tee.

Note: Eluents B, C and D are needed for the Gradient Pump Accuracy Test only and should be
prepared only if the pump configured has gradient capability.

Table 9. Eluent Channels for Gradient Performance Test with Conductivity Detector

Eluent Description

Deionized water

B 1.0 mM KCI
C Deionized water
D 1.0 mM KCI

10 mM KCI Stock Solution Preparation:

Prepare one liter of 10 mM KCI by weighing 0.746 g of KCI. Place the KCl in a 1 L volumetric flask.
Fill the flask to the mark with ASTM Type | (or better) deionized water (18.0 Megohm-cm, filtered).

1 mM KCI Preparation:

Pipette 100 mL of the 10 mM KCI solution into another 1 L volumetric flask, filling the flask to the
mark with ASTM Type | (or better) deionized water (18.0 Megohm-cm, filtered). The 1 mM KCI
solution should be prepared fresh daily.

Remember to ...

e Degas all eluents and autosampler wash solutions. Degassing is not required, but is
recommended for most consistent results.

e Connect eluent lines A and C to one eluent bottle containing 1 L of deionized water equipped
with a 3-way mixing tee.

e  Connect eluent lines B and D to one eluent bottle containing 1 L of 1 mM KCI equipped with a 3-
way mixing tee.

e  Eluent bottles for ICS-5000/ICS-5000" pumps do not need to be pressurized.

e  Ensure that the rear seal wash supply bottle is filled with fresh deionized water or the rear seal
wash pump is turned off from the F8 commands window.
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4.4.2 Preparation of Eluents for use with Absorbance Detection

These eluents are used for qualifications with an ICS-Series Variable Wavelength (VWD) or ICS-
Series Photodiode Array Detector (PDA).

Prepare the following eluents and connect them to lines A, B, C and D of the pump. All eluents must
be degassed. Eluent lines A and C can be inserted into one eluent bottle containing 1 L of water.
Eluent lines B and D can be inserted into one bottle containing 1 L of 0.3 % acetone in water.

Note: Eluents B, C and D are needed for the Gradient Pump Accuracy Test only and should be
prepared only if the pump configured has gradient capabilities. Do not prepare these eluents if the
pump configured is an ICS-5000/ICS-5000" isocratic pump since it does not have gradient mixing
capabilities.

Table 10. Eluent Channels for Gradient Performance Test with Absorbance Detector

Eluent Description

Deionized water

B 0.3 % Acetone
C Deionized water
D 0.3 % Acetone

0.3 % Acetone in Water Preparation:

Pipette 3 mL of HPLC grade Acetone into a 1 L volumetric flask. Fill flask to the mark with ASTM
Type | (or better) deionized water (18.0 Megohm-cm, filtered). Eluents should be freshly prepared on
a daily basis.

Remember to ...

e Degas all eluents and autosampler wash solutions. Degassing is not required, but is
recommended for most consistent results.

e  Connect eluent lines A and C to one eluent bottle containing 1 L of deionized water using a 3-
way mixing tee.

e  Connect eluent lines B and D to one eluent bottle containing 1 L of 0.3 % Acetone in water
using a 3-way mixing tee.

e Eluent bottles on ICS-5000/ICS-5000" pumps do not need to be pressurized.
e  Ensure the new seal wash solution is renewed or the new seal wash pump is turned off.
4.4.3 Preparation of Eluent for use with Integrated Amperometry Detection
in Analytical systems

There are two different eluents used for qualification with an ICS-5000/ICS-5000" Electrochemical
Detector in Integrated Amperometry mode:

For Flow Test (initial Flow test):

Eluent Description
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A Deionized water

For all other ED Tests:

Eluent Description

A 50 mM NaOH

The preparation of 50 mM NaOH for the ED tests should be performed after the Pump Flow Rate
test has been completed to ensure minimal potential contamination of 50 mM NaOH eluent. Do not
make the 50 mM NaOH eluent until section 5.3.2. All eluents must be degassed. Eluent lines A
should be connected to one eluent bottle containing 1 L of 50 mM NaOH. After the 50 mM NaOH has
been connected to line A, the line should be thoroughly primed.

50 mM NaOH Preparation:

Fill eluent bottle with 997.4 mL of ASTM Type | (or better) deionized, degassed water (18.0 Megohm-
cm, filtered). Pipette 2.6 mL of 50/50 (w/w) NaOH solution into the bottle. Cap, cover with Helium
(or Nitrogen) head pressure and mix. The 50 mM NaOH solution should be prepared daily and care
should be taken to minimize exposure to CO, gas.

Remember to ...

e Degas all eluents and autosampler wash solutions. Degassing is not required, but is
recommended for most consistent results.

e Connect eluent line A to one eluent bottle containing 1 L of 50 mM NaOH.
e  Pressurize eluent bottles with Helium (or Nitrogen) gas.
e Use the disposable AAA Gold working electrode (P/N 060082)
4.4.4 Preparation of Eluent for use in Gradient Performance Test with
Integrated Amperometry Detection

Prepare the following eluents and connect them to lines A, B, C and D of the pump. All eluents must
be degassed. Eluent lines A and C can be connected to one eluent bottle containing 50 mM NaOH
by a mixing tee. Eluent lines B and D can be connected to one eluent bottle containing 50 mM NaOH
with 8.3 uM Glucose (P/N 080150) by a mixing tee.

Note: Eluents B, C and D are needed for the Gradient Pump Accuracy Test only and should be
prepared only if the pump configured has gradient capabilities.

Table 11. Eluent Channels for Gradient Performance Test with Electrochemical Detector

Eluent Description
50 mM NaOH

B 8.3 uM Glucose in 50 MM NaOH
C 50 mM NaOH

D 8.3 uM Glucose in 50 MM NaOH
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50 mM NaOH Preparation:

Fill the eluent bottle with 997.4 mL of ASTM Type | (or better) deionized, degassed water (18.0
Megohm-cm, filtered). Pipette 2.6 mL of 50/50 (w/w) NaOH solution into the bottle. Cap, cover with
Helium (or Nitrogen) head pressure and mix. The 50 mM NaOH solution should be prepared daily
and care should be taken to minimize exposure to CO, gas.

8.3 UM Glucose in 50 mM NaOH Preparation:

Fill the eluent bottle with 1000 mL of previously prepared 50 mM NaOH. Pipette 15 uL of 555 mM
Glucose, cover with Helium (or Nitrogen) head pressure and mix. The 50 mM NaOH solution should
be prepared daily and care should be taken to minimize exposure to CO, gas.

Remember to ...

e Degas all eluents and autosampler wash solutions. Degassing is not required, but is
recommended for most consistent results.

e  Connect eluent lines A and C to one eluent bottle containing 1 L of 50 mM NaOH using a 3-way
mixing tee.

e  Connect eluent lines B and D to one eluent bottle containing 1 L of 50 mM with 8.3 uM glucose
using a 3-way mixing tee.

e  Pressurize eluent bottles with Helium (or Nitrogen) gas.

e Use the disposable carbohydrate working electrode (P/N 060082)

4.5 Preparing the IC System

Note: The ICS Series VWD and PDA Detector UV and visible lamps must be turned on at least two
hours prior to performing the qualification to ensure proper equilibration..

1. Chromeleon settings: Ensure that Chromeleon is set for Automatic update of external
references. Click on the “Automatic update of external references” check box in File —
Preferences — Print menu.
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2. Open the Chromeleon Instrument Configuration application. Only one pump, one injection valve
and one detector can be qualified concurrently, so if more than one pump, one injection valve or
one detector are installed, the second pump (Pump_2), the second detector (CDet_2, EDet_2)
will be ignored if both detectors are the same. The detector names can be configured in the
Instrument Configuration. If the detectors are different, uncheck the detector signal that will not
be qualified. If the second pump or detector is to be qualified, remove (or uncheck) the first
pump or detector in the Timebase. Make note of any changes made to the system for the
purposes of this qualification. After qualification these changes should be reversed. It is helpful
to save a backup file of the configuration before you make any changes for qualification.

3.  AuTtosaMPLER: Double click on the Autosampler to be qualified (if installed) to view the
properties page for the autosampler. Select the General tab and confirm the Device Name is
“Sampler”. Select the Options tab and confirm the options match the configuration of your
system. The AS-AP injection mode must be selected at this point. Only one mode is qualified.
Select the Devices tab and confirm the Autosampler diverter valve status matches your system.
For the AS-AP autosampler in pull mode, the Flush Volume and Flush Volume2 must be set
with F8 commands or from the More Options page of the AS-AP panel before beginning
qualification. Flush Volume = 2 x (Needle Volume + Needle Line Tubing Volume) uL where
Needle Volume = 30 yL and Needle Line Tubing Volume (the volume of tubing between the
needle and the injection port) = 0.86 puL/cm (2.2 pL/in) of 0.33-mm (0.013-in) ID PEEK tubing
(blue). Set the Flush Volume2 parameter to 30 puL

NOTE: Make sure inject mode in the commands is consistent with the inject mode in the
Instrument Configuration before loading the OQPQ templates

4. 1CS-5000/ICS-5000" Pump: Double click on the pump to be qualified to view the properties
page for the pump. Select the Devices tab and confirm the Device Name is “Pump_1" or
“Pump_2".

5. 1CS-5000/ICS-5000" DC: Double click on the DC to be qualified to view the general properties.
Select the Thermal Controls tab and confirm the heating configuration of the Timebase.
Confirm that the device name for the Column TC is “Column_TC" and the device name for the
Compartment TC is “Compartment_TC" if installed on the Timebase.

6. DETECTOR: Double click on the detector to be qualified to view the properties page for that
detector (for CD and ED this will be in the DC under the Detector tab). Select the General page
and confirm the Device Name is “UV” for the VWD and the PDA detectors. For the ED and CD
detectors: Open the properties of the DC and click on the Detectors tab. Highlight the detector
name and click on Configuration button. Confirm that the Device Name is “CDet1” for CD
detectors or “EDet1” for ED detectors. If both detectors are in the same Timebase, uncheck the
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detector(s) that is not being qualified (only one detector can be qualified at a time). Click on the
Signals tab. Confirm the signal name is “CD_1" for CD detectors or “ED_1" for ED detectors.
Confirm that the signal factor for absorbance and conductivity detectors is 1.000. For integrated
amperometry detectors confirm the signal factor is 0.001. If it is not, change the factor to the
correct value for the qualification. Confirm the signal unit is yS for conductivity or nC integrated
amperometry respectively. Confirm the signal unit is mAU for absorbance detectors. If it is not,
change the unit to the correct value for the qualification. Exit the properties page.

Fluke 189/289 DVM (DC mA) o<

IO

[ecc]

(@)(0)

i
ICS-5000 EG

CAPILLARY EXT INT AnALYTICAL| |
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SERIAL NUMBER
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Figure 4. ICS-5000/ICS-5000+ EG Current Test Setup

7. If applicable ensure that the detector Output is in ‘Offset’ mode in the Analog Out Set-Up
screen.

8. Make note of any changes and save the configuration.

9. All modules must have their serial number set in the moduleware. Qualification of modules
without serial numbers is not supported.

10. Connect Eluents A, B, C and D to the pump (if present) and prime each eluent line individually
for approximately 10 minutes each.

11. Use the backpressure coil to connect the pump outlet directly to port 2(P) on the injection valve.
Bypass the column, suppressor, CR-TC, and CRD from the system leaving the gradient mixer
in-line; if an Eluent Generator Cartridge is installed, bypass all plumbing to the EGC and
connect the pump directly to the injection valve.
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Figure 5. Plumbing diagram, initial equilibration step

ICS-5000/ICS-5000" DC CoLuMN TC: Insert the thermometer probe into the 2m tubing slot
from the bottom of the DC so that the LCD display sits out the side of the column TC. The LCD
display of the thermometer should be visible and display the current Column TC temperature.

ICS-5000/ICS-5000" DC COMPARTMENT TC: Insert the thermometer probe into top tubing slot
on the DC so that the LCD display sits out the side of the compartment. The LCD display of the
thermometer should be visible and display the current Compartment TC temperature.

ICS-5000/ICS-5000" TC: Insert the thermometer probe into the side tubing slot on the TC so
that the LCD display sits out the side of the TC. The LCD display of the thermometer should be
visible and display the current TC temperature.

Thoroughly rinse the autosampler and/or manual injector fluidics with water. This can be
accomplished on the AS and AS-AP Autosampler by flushing the sample syringe six times the
sample syringe volume and on the AS-DV by running two or three 5.0 mL rinse vials

AS-AP or AS: For ICS-5000/ICS-5000" systems using an AS-AP or AS Autosampler, install the
100 pL sample loop on the injection valve. Loop volume must be set in Instrument Configuration
for the AS-AP.
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Figure 6. AS-AP Instrument Configuration

From the front panel of the AS, press the Main Menu button, select Module Set-Up and then
Plumbing Configuration. Ensure that the sample loop size is set to 100 uL in the AS front

control panel.
PLUMBING CONF i 0
LOOP SIZE V1¢(_ 100 uL
LOOP SIZE V2: oo

SAMPLE SYRINGE VOLUME: 250 ulL
SAMPLE SYRINGE CONFIG: READY
PREP SYRINGE VOLUME: 5 mL

PREP SYRINGE CONFIG: READY
Help Prompt

Figure 7. AS Autosampler LCD Control Panel Display
Ensure that the Loop SIZE V1 volume is changed to 100 pL

17. AS-DV or Manual Injector: For systems using an AS-DV Autosampler or manual injector, install
the 25 pL sample loop on the injection valve.

Note: All programs using the AS-DV are designed to run with the 5.0 mL vials (i.e., trigger

relay at -2.40 minutes). If 0.5 mL vials are to be used, programs will have to be manually
modified to trigger the relay at -1.20 minutes).

If using 5.0 mL vials, 1 Nitrate standards kit (P/N 060254) is needed to complete the OQ or
PQ.

18. Select 100 % of Eluent A (water) and a flow rate of 1.00 mL/min. Turn the pump flow on and let
the system equilibrate for a minimum of 15 minutes.
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NEW TUBING: When running a qualification on a system with new tubing, such as a new backpressure
coil, new sample loop or a complete new system, it is recommended to rinse the tubing with
carbonate eluent before proceeding with the qualification. This can be achieved by doing two or
three injections with 0.5 M Sodium Carbonate solution while running Deionized water at 1.00 mL/min
or by running 9 mM Sodium Carbonate as the eluent for 10 minutes before rinsing with Deionized
water for 20 minutes. The latter is recommended for new systems being qualified for the first time.

To prepare 0.5 M sodium carbonate dissolve 0.53 g of sodium carbonate in water to make a total
volume of 10 mL of solution. To prepare 9 mM sodium carbonate dissolve 0.955 g of sodium
carbonate in water to make 1 L of solution.

When running a qualification on a system configured with electrochemical detection, it is
recommended to rinse the system with 1.0 M hydroxide before proceeding with the qualification. To
prepare 1.0 M hydroxide, prepare from a 50/50 w/w sodium hydroxide solution (never from hydroxide
pellets), by pipetting 52 mL of sodium hydroxide in water to make 1 L of solution.

19. CONDUCTIVITY OR ABSORBANCE: For the AS-AP autosampler pipette the standards from the
standards kit vials directly into 1.5 mL or 10.0 mL autosampler vials and place them in the
position / order according to Table 13. For the AS-DV autosampler, pipette the standards from
the standards kit vials directly into the autosampler vials and place them in the position / order
according to Table 14. For AS, place the vials in the tray, as per Table 12.

For the AS-DV Injector Precision and Carryover standards transfer the Injector Precision
standards prepared in Section 4.2 into 10 autosampler vials and the Carryover standard into
one autosampler vial. To qualify an IC system without an autosampler, use the table 14 for the
injection order and inject the samples from the standards kit ampoules manually.

20. ICS-5000/ICS-5000* INTEGRATED AMPEROMETRY: Cut the label off the 1.5 mL standards vials
(included in the ICS-5000/ICS-5000" ED qualification kit) and place the vial directly into
autosampler in the position order according to the table below. Note that even though the main
portion of the label has been cut off, the vial is still properly loaded. For the AS-AP (push mode
only) or AS autosampler this will require the 1.5 mL AP-AP tray (P/N 074936) or AS
autosampler tray (P/N 062481).

21. 1CS-5000/ICS-5000" ELUENT GENERATOR: Double click on the eluent generator to be qualified
to view the properties page for the eluent generator. Select the General page and confirm the
Device Name is “EluentGenerator”. On the “cartridge” tab confirm that the eluent generator is
linked to the pump to be qualified. Confirm that there is a serial number for a KOH or a MSA
cartridge. If a serial number is not available for the KOH or MSA cartridge, contact Thermo
Fisher Scientific Technical Support. Connect the EG test box to the EGC_1 or EGC_2
connection.

065448 OQ PQ Operating Instructions Part E Rev 7.12 Page 38



ThermoFisher
SCIENTIFICThermo Fisher Scientific ICS-5000/ICS-5000" Analytical System OQ/PQ User’s Guide

LR ICS-5000
i a;-hp.?ln ' i
~ EGC |
ICS-5000 (=i
= .
= }
I
L A0 TN O ‘

Figure 8. ICS-5000/ICS-5000" EG Current Test Setup

22. For systems using an ICS-5000/ICS-5000" EG:

a. Disconnect the Eluent Generator Cartridge cable from the Eluent Generator module at
the connector.

b. If installed, disconnect the CR-TC cable from the CR-TC connector.

c. Turn on the ammeter or multimeter and set the display to DC mA. This test requires mA
readings from 0.00 to at least 220 mA.

d. Connect the positive lead of the ammeter to the red post connector labeled “Amps” on
the IC Qualification Test Box (P/N 072005)

e. Connect the negative lead of the ammeter to the black post connector labeled
“COMMON" on the IC Qualification Test Box.
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Figure 9. ICS-5000/ICS-5000" EG Current Test Setup

f. From the Console in the Chromeleon 7.1 software, go to the Navigation Pane and select
the pump_EluGen_detector panel appropriate for the system being qualified. Go to
Control and select the Instrument configured with the Eluent Generator to be qualified
(click on the Default ePanel Tab)

g. From the Eluent Generator section of the panel, always select KOH as the cartridge
type. The panel will show previously configured cartridges even though the IC
Qualification Test Box is plugged into the cartridge connector. Do not switch the test box
settings during operation as this can damage the test box.

23. FLUKE 189/289 MULTIMETER:

a. Install the Fluke 189/289 multimeter or equivalent into the Instrument to be qualified.

b. The Chromeleon device driver for the Fluke 189/289 multimeter is included with Chromeleon
7.1

c. Connect the Fluke 189/289 multimeter or equivalent to the IC Qualification Test Box
(P/N 072005) as described in the important notes of this section.

d. The Fluke 189/289 multimeter is only used for systems that will enable automated
downloading of EG current qualification results into the validation reports.

e. To correctly configure the Fluke 189/289 device driver:

i. Connectthe Fluke USB/IR (Rev Il or greater) cable to the computer USB port;
Windows will automatically detect and install the USB driver.

ii. Verify through the Windows Hardware Device Manager for the actual COM port
assignment.
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Installed hardware:

H8 1394 Met Adapter E
B 02Micro DZ711EZ1 MemoryCardBus Contraller

' ECP Printer Part [LPT1)

3 Cammunications Port [COMT]

% IntelR) Core(TM)2 Duo CPU T7500 & 220GHz

ﬂ. Intel[R) Core(TM)2 Dua CPU T7500 @& 2.20GHz “

Figure 10. COM Port Assignment in the Windows Device Manager for the Fluke meter

iii. Configure the Fluke 189 or 289 Chromeleon Device Driver in the Timebase, save
the Instrument Configuration file and exit then shut down the Chromeleon Server.

iv. Restart the Chromeleon Server and open the Fluke 189/289 CM device driver.

v. Select the COM port from the COM drop down selection to match the COM number
assigned in the Windows Hardware Device Manager above then save and exit from
the Chromeleon Server.

f.  Itis recommended that the Power off time out (PrOff) for the Fluke189/289 be set to a value
greater than the time it will take to perform the Operational Qualification to avoid inadvertent
shutdown of the meter which will terminate the OQ or PQ sequence.

g. Ensure that the meter is set to record in ‘DC mA’ (instead of ‘AC mA").
h. See Fluke 189/289 operator's manual for instructions on these settings.

IMPORTANT NOTES:

a. Itis important that the Fluke 189/289 multimeter is installed AND connected before
loading the OQ/PQ templates.

b. Follow the instructions in the Chromeleon 7.1 help topics for the installation of the
Fluke 189/289 multimeter Windows USB driver and for the Chromeleon device driver
for the Fluke 189/289 multimeter. The Fluke 289 defaults to AC mA and the Fluke 189
defaults to DC mA.

c. Follow the Fluke 189/289 multimeter instructions for adjusting the default ‘PrOFF’
setting in the meter. It is recommended to adjust this parameter to a longer time (e.g.,
several hours or more) to avoid having the meter auto power off during your OQ/PQ.
In the event that the meter is powered off during the qualification testing the queue
sequences will be aborted.
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Table 12. AS Autosampler Sample Vial Order

ICS-5000/ICS-5000"

Conductivity Detector with As | AbSorbance or Photodiode | inegrated E'TASV
Detector with AS

Water Water Water 1
5 ppm Nitrate Std 2
10 ppm Nitrate Std 3
25 ppm Nitrate Std 4
50 ppm Nitrate Std 5
100 ppm Nitrate Std 6
1000 ppm Nitrate Std 7
Empty Vial* 8
Empty Vial* 9
Empty Vial* 10
15 ppm Caffeine Std 11
40 ppm Caffeine Std 12
60 ppm Caffeine Std 13
80 ppm Caffeine Std 14
100 ppm Caffeine Std 15
1000 ppm Caffeine Std 16
Empty Vial* 17
Empty Vial* 18
Empty Vial* 19
20
1 uM Threonine Std 21
2 UM Threonine Std 22
4 uM Threonine Std 23
8 uM Threonine Std 24
10 uM Threonine Std 25
10 uM Threonine Std 26

* Vials only need to be present if the detector listed at the top of the table is to be qualified.

* Users need to reconnect the detectors when using the absorbance detectors.

* Don't forget to add the water vial in position 1 for the ED qualification test.
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Table 13. AS-AP Autosampler Sample Order

Condugtivity Absorbance Detector Electrochgmical vial Tray
Detector with AS-AP | with AS-AP Push/Pull | Detector with AS- Position
Push/Pull Mode Mode AP Push Mode
Water Water BA1l
5 ppm Nitrate Std 15 ppm Caffeine Std BA2
10 ppm Nitrate Std 40 ppm Caffeine Std BA3
25 ppm Nitrate Std 60 ppm Caffeine Std BA4
50 ppm Nitrate Std 80 ppm Caffeine Std BAS
100 ppm Nitrate Std 100 ppm Caffeine Std BB1
1000 ppm Nitrate Std | 1000 ppm Caffeine Std BB2
Water RAL1
1 uM Threonine Std RA2
2 UM Threonine Std RA3
4 uM Threonine Std RA4
8 UM Threonine Std RA5
10 uM Threonine Std RA6
10 uM Threonine Std RA7

Note: AS-AP pull mode requires the use of 10 mL vials. Qualification with ED detection is not
supported with AS-AP in pull mode.

Note: To run sequences with 1.5 mL vials, it is important to set the puncture offset to 3 mm in
the commands before you start. The puncture offset commands allows the AS-AP to realign the
x-axis of the 1.5m/10 mL vial setting.
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Table 14. AS-DV Autosampler or Manual Injection Sample Order (Conductivity or Absorbance Only)

- Absorbance or
e Conductivity Detector | Sample Order : Sample Order
Qualification X i ) Photodiode Array )
with AS-DV on AS-DV Detector with AS-DV on AS-DV
Warm Up Water Vial 1 Water None
50 ppm Nitrate Std* Vial 2 40 ppm Caffeine Std* Vial 20
50 ppm Nitrate Std* Vial 2 40 ppm Caffeine Std* Vial 21
50 ppm Nitrate Std* Vial 2 40 ppm Caffeine Std* Vial 22
50 ppm Nitrate Std* Vial 3 40 ppm Caffeine Std* Vial 23
) o 50 ppm Nitrate Std* Vial 3 40 ppm Caffeine Std* Vial 24
Injector Precision
50 ppm Nitrate Std* Vial 3 40 ppm Caffeine Std* Vial 25
50 ppm Nitrate Std* Vial 4 40 ppm Caffeine Std* Vial 26
50 ppm Nitrate Std* Vial 4 40 ppm Caffeine Std* Vial 27
50 ppm Nitrate Std* Vial 4 40 ppm Caffeine Std* Vial 28
50 ppm Nitrate Std* Vial 5 40 ppm Caffeine Std* Vial 29
1000 ppm Nitrate Std Vial 12 80 ppm Caffeine Std* Vial 30
Carryover Water Vial 13 Water Vial 31
Water Vial 14 Water Vial 32
5 ppm Nitrate Std Vial 15 15 ppm Caffeine Std Vial 33
10 ppm Nitrate Std Vial 16 40 ppm Caffeine Std Vial 34
Bﬁtee;rti?; 25 ppm Nitrate Std Vial 17 60 ppm Caffeine Std Vial 35
50 ppm Nitrate Std Vial 18 80 ppm Caffeine Std Vial 36
100 ppm Nitrate Std Vial 19 100 ppm Caffeine Std Vial 37

*  AS-DV users: Do not use the standard from the standards kit for the Injector Precision and

Absorbance Carryover samples; instead, use the standards prepared in Section 4.3 of this manual.

*  AS-DV users: ICS-5000/ICS-5000" Integrated Amperometry is not supported.
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4.6 OQ/PQ Sequence Installation

For performing OQ and PQ checks in Chromeleon 7.1, it is not required to create and copy the
sequence templates from a Chromeleon CD. An Instrument Qualification Wizard automatically
performs these steps. The wizard creates the sequences to be run. No instrument-specific sequence
templates are created.

If using an AS autosampler confiqured for sequential injections, manually put the diverter
valve in the correct position for the Instrument.

Tip: Please note that Chromeleon 7 terminology is different from the terminology used in
Chromeleon 6.80. For details, refer to the 'Glossary - Chromeleon 7," which is available in the
Documents folder of your Chromeleon 7 installation. Make sure the user takes control of the panel
before starting the instrument qualification.

Go to Tools — Instrument Qualification to open Instrument Qualification Wizard. For this step,
Chromeleon 7.1 must display the instrument pane with the system to be tested selected (Figure 11)
otherwise the error “Instrument not connected” will occur.

&) IC5-2100_VWD+AS

&} 1cs-3000_RFIC

=) ICS-5000_CD+AS-DV

&) 1cS-5000_PDA+AS-DV

£} 1cs-5000_VWD+AS-DV

=) 1CS-5000CIC_ED=AS

=) TESTING |

£ bt

m Data

s
472

f} eWorlkdflows

Figure 11. Instrument Pane for Chromeleon 7.1

mgreatEv File Edit View | Tools | Help [

Station Qualification...

&

| Instrument Qualirficatiﬂ-n...

Custom '.'-3I'i-3|3|E!:-/\E:|itCI'...
Ere‘FerF[ Configure and run tests to qualify an instrument

Discovery Manager...

Figure 12. Starting the Instrument Qualification Wizard for Chromeleon 7.1

Select the qualification type: Installation (qualification of the installation), Operational (qualification in
the working environment), or Performance Qualification (qualification during routine operation)
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Inztrument Qualification Wizard 'Ql X

Chooge Qualification Type

Select the type of instrument qualification to run.

r— Cualfication Type

" natallahon Hualficahon

Checks the general functionality of waur inztrument.

{&" Operational Gualification

Checksz the analytical operation of your instrument.

' Performance Dualification

Checks the analwtical performance of your instument,

MHext > Cancel

Figure 13. Selecting the qualification type for Chromeleon 7.1

Select the instrument to qualify.
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Instrument Gualification Wizard "Q,l X

Choosze an Instrument

Select the instrument where the qualification will run.

— Instrument Selection

Instruments:

n v |

SHANDERSOMNLT ﬂ

ASE350
ICS-2100
C5-3000

IC5-5000_2

<< Back MHext > Cancel

Figure 14. Selecting the instrument

Click to connect the selected instrument to Chromeleon.

A list of sequences (tests) is displayed. The list is adapted to the instrument configuration of the
selected instrument as defined in the Chromeleon Instrument Configuration Manager.
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Inzstrument Guslification Wizard '@J X

Choosze Tests

Select the qualification tezts to un,

[w| Flow rate accuracy and precision of an IC5-3000 or an 1C5-5000 Pump
[w| Current Qualification of IC5-3000 EG Eluent Generator

[ “warm up of an IC5-3000 or an IC5-5000 Analytical spsterm

[w| Moize and Drift of an 1C5-3000 or an 1C5-5000 COD Conductivity Detector
[l Injector precizion

[wl Injectar carmy over

[wl Linearity of conductivity detector

] Lineanty of automated injector for ICS- halytical Conduc

[w| Gradient Accuracy of an IC5-3000 or IC5-5000 Gradient Pump

[ Shutdown of an 1C5-3000 or an [C5-5000 Analtical system

<< Back Mext > Cancel

Figure 15. List of sequences for the selected instrument
Select the sequences that needed for the tests to be performed. Mandatory tests, such as "Warm
up", are shown in the list, but the selection cannot be changed.

On the last wizard page, select a unique name under which the OQ and/or PQ sequence directory for
this instrument is saved.
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Instrument Cuslificstion Wizard @ x

Define a Storage Location

Specify where to store the results.

— Destination

chrom: //shandersonlt/ChromeleanLocal/Instrument DatasACS -5000/Qualification

Browsze... |

<¢ Back | Finizh I Cancel

Figure 16. Selecting the storage location
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4.7 OQ/PQ Sequence Execution

When the qualification wizard has been completed, the selected sequences are created and are
automatically added to the instrument queue. A progress window shows which steps have been
performed:

Instrument Gualification: Prepare Sequences 'E") X

[y Create folder chron://zhanderzonlt/ChromeleonLacalAnstrument D ata/ICS-6000/Qualification/00 21 Oct 2010
m Restaring template *0_CO_Flow_Rate 4

m Restaring template *0_EG_Curent 4

m Restaring template =0_warm_Up

m Restaring template %0_CO_Moize_Drift o

m Restaring template X0_CO_Inj_Precision 4"

m Restaring template *0_CO_In|_Cany_Over

m Restaring template *0_C0_Linearity

m Restaring template %0_CO_|n{_Linearity 4"

m Restaring template *0_GP_Grad_Accuracy

m Restaiing template X0_Stop 4

=& Assigning instrument to all sequences and instument methods

92%

Cancel |

Figure 17. Progress during sequence creation

The Instrument View dialog box will open, displaying the Queue tab. As soon as the queue is
started, Chromeleon runs the sequences. The wizard should copy the sequences to the
destination selected then auto-populate the instrument queue. If the error “Instrument not
connected” appears, make certain that the Chromeleon 7.1 must be displaying the instrument
pane with the system to be tested.

The OQ/PQ qualification tests are performed in the following order:

a. Flow Rate Test

b. Eluent Generator Current Test (only if an EG is present)
c. Warm Up

d. Wavelength Accuracy

e. Detector Noise and Drift Test
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f.  Injector Precision Test

g. Carryover Test

h. Detector Linearity Test

i. Injector Linearity Test (only if an AS or AS-AP is present)

j-  Sample Preparation Precision Test (only if an AS is present with the Sample Prep Option
and the 10 mL Tray Type installed with the conductivity or the absorbance detector)

k. Gradient Accuracy Test (only if an analytical gradient pump is present)
I.  Column TC and/or Compartment TC

m. Sample Temperature Accuracy of Autosamplers (only for AS-AP Autosamplers)

Note: Test ‘a’ and ‘I’ is done manually and does not require a sequence template. The Instrument
Method will pause before the Eluent Generator Current Qualification Test and the Flow-Rate
Accuracy and Precision Test as these tests require user intervention.
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ICS-5000 on SHANDERSOMLT - =X

i:_} Launch eWworkflow « Smart Skartup + A% Smart Shutdown = Take Control L_J Monitar Baseling _:_‘,5 Command | [ <Autogenerateds -

ICS5000 Home | Pump | DC | €0 | EG | 45 | Audt | Statup’ Queue |

Current Completed
Startup Hame Status Add...
» AChromeleonl ocal/lnstrument D ata ] C5-5000Cualification /00 21 Oct 2010400 COFLOW BATE Pending =
/ChiomeleonL ocal/instrument Date/ICS 5000/0 ualfieation/08 21 Oct 2010/00 EG CURRENT Ferding e
/Chromeleonl ocalflnstiument D ata/C5 5000/ Qualification/0Q 21 Oct 2010/00 wARM UP Pending MoveLp
AChromeleonl ocal/nstument D ata ] C5-5000Qualification/00 21 Oct 2000400 CO NOISE DAIFT Fending
fChromeleonl ocal/Instument D ata/CS-5000/Qualification/00 21 Oct 2000/00 CO kS PRECISION Pending Move Down
fChromeleonl ocal/Instument D atadCS-8000/Qualfication/0d 21 Oct 2000/00 CD 1MW) CARRY OVER Pending
fChromeleonl ocal/Instument D ata/AC5-5000/Fualification/06 21 Oct 2010/00 CD LINEARITY Pending
AChromeleonl ocal/lnstument D ata ] C5-5000Qualification /00 21 Oct 2000400 CD M) LIMEARITY Fending Start ~
AChromeleonl ocal/Instument D st/ CS-5000/Qualification/00 21 Oct 2010/00 GP GRAD ACCURACY | Pending
fChromeleonl ocalflnstument D sta/1CS -5000/Hualification/00 21 Oct 2010/00 STOP Pending Bilos
1 | »
After runhing the queue keep instrument ready - r Keep last zequence queued
Report Setup
™ Print Report Fieport template undefined. Frint Setup— |
™ Export Report Report template undefined. Export Setup | *
Generate ieport at: End aof an injgction -

Emergency Instrument Method

‘when an “Abort” Erar ocours, min this Instrument Method

Feady check result: Successful.

Figure 18. Sequence queue for Chromeleon 7.1

4.8 Evaluating the Test Sequences

The qualification sequences are saved under the path that was selected in the wizard. Each
sequence also includes a separate report template.

To edit the report, open the report and remove the protection (if any) from the SPECIFICATION
sheet. Enter the following information:

Name of the customer and name of the tester

Sample information such as queue number, expiration date, and actual concentration of the
standard.

Name of the item that is used to generate the backpressure [default: capillary (L: 15 m; ID: 0.18 mm)]

Do not change any of the other report sheets. The report contains many references between data
sheets. If you insert or delete lines and columns, these references will be lost and the calculations
will be wrong.

To make sure that Chromeleon reads and processes the data in the report correctly, always print the
report from the Chromeleon Console.

In the Data category, right-click the sequence for which you want to print the report, and then click
"Print Report".
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mgreate - | File Edit Wiew Teools Help

Data «

F.!D Instrument Data -

B-E ©_UtiMate3000

E-E Audit Trails

=-E Qualfication ——
B-E5 00 30.Jun 2008

-l
P 0Q_DAD_WAVELE 3
B OQ_INJECTOR_FLQ Copy
- O0_SAMPLER_LIN Paste
-7l 0G_STD_GRAD =
- oa_sTOP Rename
-7 0G_UV_LINEARITY Delete...
-l 0Q_UV_NOISE_DR =
m OQ_WARM_UP Print Report... .
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Figure 19. Selecting Print

Note: For ICS-5000/ICS-5000" Integrated Amperometry System: Before executing the
sequences, first turn on the pump flow and the cell current. Click on the “Default Panel Tabset”.
From the pump tab, start the pump flowing 50 mM NaOH at 0.25 mL/min. Click on the EC detector
tab, Select Cell mode of “IntAmp”, then click on the Waveform button, use the drop down menu to
choose the waveform Amino Acids (pH/Ag/AgCl Reference), then click on the Exit button. Turn
the cell voltage to On. PdH reference electrode is not supported in OQ/PQ configurations.

Note: If an Eluent Generator is configured on the system, the following message may occur at
the Ready Check: “Flow rate not specified at time 0.0, using a flow setting 1.00.” This refers
to the Eluent Generator flow rate, not the pump flow rate. It is not necessary to take any
action since the Eluent Generator is not used for this part of the qualification. Proceed with
starting the queue.

Note: For systems with a shared autosampler there might be a number of informational
messages indicating that “Exclusive Access” has not be acquired or released. This is normal
and occurs because the qualification does not release the autosampler until the qualification
is complete.

Repeating Individual Tests

It may be necessary to repeat individual tests. If so, review Section 6 where problems are described
according to which individual tests might fail. According to Good Laboratory Practice (GLP), all tests
following the one that failed must be repeated. The entire OQ/PQ qualification is designed such that
almost of the performance tests require that the previous one to have passed successfully.

For example, if the test regarding the linearity of a CD detector fails, the results regarding the
linearity of the injector are questionable as the linearity of the detector is a prerequisite for testing the
injector linearity.
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Table 15. Sequence File Names and description

Sequence Name Check

Pump flow-rate accuracy and precision tests for ICS-3000

XQ_Flow_Rate or ICS-5000/ICS-5000" pumps
XQ _EG_Current Current qualification of an EG Eluent Generator
Current qualification of an Dual EG configuration (ICS-
XQ_EG_Dual_Current 5000/1CS-5000" with both EGC configured on one
Instrument)
XQ_CD_Noise_Drift Noise and drift test for conductivity detectors
XQ_DC_Amp_Noise_Drift Noise and drift test for DC amperometry detectors
XQ_Int_Amp_Noise_Drift Noise and drift test for integrated amperometry detectors
XQ_PDA Noise_Drift Noise and drift test for photodiode array detectors

Noise and drift test for absorbance detectors (excluding
PDA detectors)

Wavelength accuracy test for the VWD and PDA
absorbance detectors

XQ _UV_Vis_Noise_Drift

XQ_Wavelength_Accuracy

Injector precision test for systems with an absorbance

XQ_Abs_Inj_Precision detector

Injector carryover tests for systems with an absorbance

XQ_Abs_Inj_Carryover detector

Injector precision test for systems with an conductivity

XQ_CD_lInj_Precision detector

Injector carryover test for systems with an conductivity
detector

Warm-up sequence for ICS-5000/ICS-5000" systems with
ED detector

Noise and drift test for ICS-5000/ICS-5000" amperometry
detectors (ED in Integrated Amperometry mode)

XQ_CD_Inj_Carry Over

XQ_ED_Warm_Up

XQ_ED_Noise_Drift

Injector precision for ICS-5000/ICS-5000" systems with
XQ_ED_Inj_Precision amperometry detector (ED in Integrated Amperometry
mode)

Injector carryover for ICS-5000/ICS-5000" systems with
XQ_ED_Carryover amperometry detector (ED in Integrated Amperometry
mode)

Detector Linearity for ICS-5000/ICS-5000" systems with
XQ_ED_Linearity amperometry detector (ED in Integrated Amperometry
mode)

Injector linearity for ICS-5000/ICS-5000" systems with
XQ_ED_Inj_Linearity amperometry detector (ED in Integrated Amperometry
mode)

The sequence turns off the pump and cell for ICS-
XQ_ED_Stop 5000/ICS-5000" systems with amperometry detector (ED
in Integrated Amperometry mode).
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XQ_Abs_Linearity

Detector linearity test for absorbance detectors

XQ_CD_Linearity

Detector linearity test for conductivity detectors

XQ_Abs_Inj_Linearity

Injector linearity test for systems with an absorbance
detector

XQ_CD_Inj_Linearity

Injector linearity test for systems with an detector

XQ_Abs_Samp_Prep

Injector sample preparation precision test for systems with
an absorbance detector

XQ_CD_Samp_Prep

Injector sample preparation precision test for systems with
an conductivity detector

XQ_GP_Grad_Accuracy

Gradient accuracy and noise test for systems with a
gradient pump

XQ_CD_Noise_Drift

Noise and drift test for conductivity detectors

XQ_DC_Amp_Noise_Drift

Noise and drift test for DC amperometry detectors

XQ_Int_Amp_Noise_Drift

Noise and drift test for integrated amperometry detectors

XQ_PDA_ Noise_Drift

Noise and drift test for photodiode array detectors

XQ_UV_Vis_Noise_Drift

Noise and drift test for absorbance detectors (excluding
PDA detectors)

XQ_Stop

The sequence slows down the flow rate to 0.25 mL/min to
conserve eluent for overnight runs
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5 Performing the Qualification

5.1 OQ/PQ Test Order

The OQ/PQ qualification tests are performed in the following order:
Flow Rate Accuracy and Precision Qualification
Eluent Generator Current Qualification Test
Warm Up
Wavelength Accuracy Test (only for VWD, and PDA Absorbance Detectors)

1.

2

3

4

5. Detector Noise and Drift Test
6. Injector Precision Test

7. Carryover Test

8. Detector Linearity Test

9. Injector Linearity Test (only for AS-AP and AS Autosamplers)

10. Sample Preparation Precision Test (only for AS Autosamplers with the Sample Prep Option and
10 mL Tray Type installed with conductivity or absorbance detectors)

11. Gradient Accuracy Test (only for gradient pumps)
12. Column TC and/or Compartment TC

13. Sample Temperature Accuracy of Autosamplers (only for AS-AP Autosamplers)
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Table 16. OQ/PQ Test Timetable

Test Method Material Required EqU|I|_brat|on Appr(_)x.
Time Run Time
Flow Rate Accuracy and Eluent (water)
Precision Sequence 15 min 52 min
All pump models Backpressure loop
Wavelength Accuracy Lamps—2h .
ICS Series VWD and PDA | Se€duence | Eluent (water) 10 min w/pump 6 min
Co_nduct|v_|ty Sequence | Water at 1.0 mL/min 5 min 20 min
Noise / Drift
Int. Amperometry Noise / Eluent . .
Drift Sequence (50 mM OH) 5 min 20 min
AS-DV, Manual Injector
Warm Up
. . Eluent (water)
DQtector N0|_se_ / Drift Sequence | Standards 10 min 1 hr, 10 min
Injector Precision
C Backpressure loop
arryover
Detector Linearity
AS-AP, AS
Warm Up
Detector Noise / Drift Eluent (water)
Injector Precision Sequence | Standards 10 min 2 hr, 10 min
Carryover Backpressure loop
Detector Linearity
Injector Linearity
AS-AP with Temp. Eluent (water)
Control Standards
Warm Up Backpressure loop
Detector Noise / Drift
; o Type K temperature i )
Injector Precision Sequence | sensor 10 min 2 hr 55 min
Carryover _ o
Detector Linearity Calibrated Digital
Injector Linearity Thermometer
Sample Temp. Accuracy
AS with Sample Prep
Warm Up
Detector Noise / Drift Eluent (water)
) - uent (water
Icr:uector Precision Sequence | Standards 10 min 2 hr, 40 min
arryover
. . Backpressure loop
Detector Linearity
Injector Linearity
Sample Prep Precision
Test cell
Eluent_ Ge.nerator Current Sequence . N/A 16 min
Qualification Multimeter
AS-AP pH Conductivity Calibration pH
Accuracy Test Sequence Standards N/A Lhr
EG Gradient Accuracy w/ Eluents .
CDor ED Sequence Backpressure loop 10 min Lhr
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5.2 Starting the Sequences

For AS and AS-AP Autosamplers with the Sequential Injection Option: Before

v starting any sequences, first verify that none of the instruments configured on the
computer have “Acquired Exclusive Access” to the autosampler, or column TC, or
compartment TC. If this is the case release the “Exclusive Access” command before
proceeding. Once the qualification sequences begin, the system being qualified will
gain and retain exclusive access to the autosampler, column TC and compartment
TC until the “Stop” sequence is run and “Exclusive Access” is released. “Exclusive
Access” can be released by going to the command function (F8), choosing the
module from the list, and executing the “ReleaseExclusiveAccess” command.

5.2.1 Flow Rate Accuracy and Precision Qualification

The Flow Rate Accuracy and Precision test is designed to qualify the flow rate accuracy and
precision of all pumps. A 6-port valve is required to run the IC flow rate test.

1. Ensure the pump is disconnected from the Chromeleon software. The system should be in hold
mode and a message box displaying “Plumb pump for Pump Flow Rate Accuracy and Precision
Test, press OK to continue" should be visible.

PFlumb pump for Pump Flow-rate Accuracy and Precision Test, press DK to continue. ‘ 0K |

2. Stop the pump from the front control panel of the module if it is not already stopped.

3. Locate the backpressure coil. Use a coil made of 37" of red PEEK tubing (049715) for the
analytical system.

4. Connect one end of the backpressure coil directly to the outlet of the pump, after gradient
mixers if applicable and the other to port 2 (P) of the injector valve.

5. Prepare two lengths of black tubing, 0.010" (0.25 mm) ID, of equal length, approximately 12"
(40 cm). Connect one of these lines to port 1 (L) of the injector valve. The tubing connected to
port 1 (L) of the injector valve will be the eluent line that goes to the “sample beaker.”

6. Connect the other line to port 3 (C) of the injector valve. The tubing connected to port 3 (C) of
the injector valve will be the waste line.

7. Run the waste line to a waste beaker and the eluent line to a sample beaker. The plumbing to
the valve should look like the figure below.

065448 OQ PQ Operating Instructions Part E Rev 7.12 Page 58



ThermoFisher
SCIENTIFICThermo Fisher Scientific ICS-5000/ICS-5000" Analytical System OQ/PQ User’s Guide

SAMPLE IN \
s: (9

PUMP I
IFULSE CAMPER]

E FLOW RATE
.l'i-—-l' MEASUREMENT

BACKPRESSURE COIL (-1500 psi)

Figure 20. Plumbing schematic for Pump Flow Rate Test

8. Click OK on the Chromeleon software. The system should reconnect to the module and/or
resume the program in run mode.

9. The program will equilibrate the pump for 15 minutes before starting the test. During this time
eluent flow should pass through the waste line. Ensure that sufficient backpressure is observed
during this equilibration time.

10. Attime 0, the injector will switch to the eluent line.

11. Attime 2.00, the injector will switch back to the waste line and the Chromeleon software will ask
you to “Please weigh the eluent container. Enter results under segment 0. Press OK to
continue." The program will be in hold mode and will wait until OK is pressed before continuing.
Weigh the eluent container, but do not zero the balance used for weighing. Record the weight
as segment 0. Click OK to continue.

Please weigh the eluent cantainer. Enter results under segment 0. Press OF ta continue. ‘ ]S “

Note: The report is available in the flow rate sheet of the Report Designer and can be
used for manual data collection and data calculations.

12. The Chromeleon software will switch the injector back to the eluent line for exactly 5 minutes.
After this time the injector will switch to the waste line and a message “Please weigh the eluent
container. Enter results under segment 1. Press OK to continue” will be displayed. The program
will be in hold mode and will wait until OK is pressed before continuing. Weigh the eluent
container, but do not zero the balance used for weighing. Record the weight as segment 1.
Click OK to continue.

13. Repeat 12 for segments 2 through 5.

After the sequence is finished open the Water_FR sample from the Console. Select the Flow Rate
sheet at the bottom of the page and enter the Segment values and room temperature into the sheet.
Save the worksheet by clicking on the Chromeleon Icon on the top left of the User Interface and
select save. A written or balance printout of the weights should be signed and dated to accompany
data entered on the sheet
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14.

0 ' id

J Hew ) Save
T Cpen the save dialog and choose data
objects ko save,
Open save all
Immediately saves al modified objecks
add i withiout questions,

I? ! Save Sequence As
1A% Save a copy of the current sequence.,

Figure 21. Selecting Save

15. Print the Flow Rate Accuracy and Precision report by clicking on the Chromeleon Icon on the
top left of the User Interface and select print. Choose a printer and press OK to begin printing.

ii ™ | -
EE T
=" Opens the print dizlog.

~ . ]
S Cnen Quick Print
i F —l Immediately prints the currenthy selected
B document to the default printer.
S 4 fdd : /'} Prink Preview
Opens the print preview wandow,

bed o

@ Prinit Il
-

":ial-:murt

|J Close

Figure 22. Selecting Print

16. If any part of the test does not pass, make the appropriate repair or calibrations and rerun the
test. Refer to Section 5 for troubleshooting assistance.
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17. Plumb the system for the remainder of the qualification.

L
x&‘ S .

X A
; \
We ol lem, C:
oD @e
! \ /A PUMP IN
b 7 [FULSE CRIPIR]

L | @_q
i il Py
i FLOW RATE
e MEASUREMENT

P =i BACKPFRESSURE COIL {-1500 psi)

Figure 23. Plumbing schematic for OQ/PQ performance test after pump flow rate test

18. Ensure the pump is disconnected from the Chromeleon software. The system should be in hold
mode and a message box displaying “Plumb the system for the remainder of the qualification
tests, press OK to continue" should be visible.

a. 1CS-5000/ICS-5000" Conductivity or Absorbance: Connect the backpressure tubing to the
heat exchanger outlet line. Attach the loop end to the inlet of the conductivity or absorbance
cell, thus bypassing all columns and suppressors.

It is important to connect the Backpressure Loop assembly upstream from the
loop or unusual peak shapes may occur.

Note: A piece of 0.003” tubing may be used to provide approximately 1500 psi (+
100 psi) backpressure and sufficient delay.

b. ICS-5000/ICS-5000"_Integrated Amperometry: Calibrate the reference electrode (see
operators manual), then assemble the ED cell with an AAA certified disposable gold working
electrode (P/N 060082) and mount the ED cell onto the ED detector. Connect the two cell
leads (yellow and blue) to the appropriate ports on the detector. Connect a 24-inch piece of
0.003" PEEK tubing to port three (C) of the injection valve, connect the other end to the inlet
of a CarboPac PA1 guard (2-mm) column. To the outlet of the guard column connect a small
length (approx 15-cm) of 0.010” tubing. Attach the loop end to the inlet of the Integrated
Amperometry Cell.

Note: When loading the Threonine standards in the AS-AP or AS autosampler, it
may be necessary to cut the label off the Threonine vial for proper fit into the AS or
AS-AP sample tray. For this reason, the concentration has been printed on the
part of the label that will remain on the vial.

5.2.2 Eluent Generator Current Qualification

The Eluent Generator Current Qualification test ICS-5000/ICS-5000" EG (single or dual) needs to
be configured with a KOH cartridge.

When using a FLUKE 189/289 multimeter, the measured current is automatically entered into the
EG_CURRENT, EG_DUAL_CURRENT sheet.

1. Resume the Chromeleon 7 Queue by clicking OK. This sequence is an Eluent Generator step
gradient. Each step is held until the user clicks OK to continue. There may be a delay of up to
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0.4 minutes between when the Eluent Generator program steps to the next concentration and
when the ammeter or multimeter registers the new milliamp reading. Record the milliamp
reading for each step on a note pad. These values will be entered into the EG_CURRENT,
EG_DUAL_CURRENT or EluGen Current Qualification sheet after the run is complete. The
run time is 11.0 minutes plus pause time.

Note: The template of this report is stored in the data vault of the respective
sequence. Please refer to Chromeleon 7 Quick Start Guide on how to access
report templates.

Template name: OQ_PQ_Modular_Validation

2. When the run is complete, open the report file by double clicking on the Water EG sample of
the XQ_EG_Current sequence. Locate the row of sheet names at the bottom of the report and
click on the EG_CURRENT, EG_DUAL_CURRENT or EluGen Current Qualification sheet.

3. Enter the milliamp readings that were recorded in step 1 for each concentration value in the
EG_CURRENT, EG_DUAL_CURRENT or EluGen Current Qualification sheet. The deviation
and pass/fail results will be calculated automatically.

4. Print the EG Current Qualification report by clicking on the Chromeleon Icon on the top left of
the User Interface and select print. Choose a printer and press OK to begin printing.

i l P :
Mley rink |
J = Cpens the print dislog. '
b Open . Quick Print i

= Immediately prints the currenthy selected
document bo the defaulk prirker.

Add . Print Preview !
_N Opens the print preview window. '

Figure 24. Selecting Print

5. If any part of the test does not pass, make the appropriate repair/adjustments and rerun the
test. Refer to Section 5 for troubleshooting assistance.

6. To qualify another cartridge, select the new cartridge type in the control panel, add the
XQ_EG_Current, XQ_EG_Dual_Current or XQ_IC_EG_Current sequence to the queue list, set
the status of the Water_EG and Stop samples to single and repeat steps 1 - 4.

065448 OQ PQ Operating Instructions Part E Rev 7.12 Page 62



ThermoFisher
SCIENTIFICThermo Fisher Scientific ICS-5000/ICS-5000" Analytical System OQ/PQ User’s Guide

5.2.3 Performing the Main Qualification

The main part of the OQ/PQ consists of the tests 5 — 12 of the OQ/PQ Test Order, and this part of the
qualification requires that an absorbance or conductivity detector be configured on the system being
qualified.

If the qualification will be performed using a manual injection valve, use full loop injections and overfill
the loop a minimum volume equal to 5 times the sample loop volume. Inject standards at the
beginning of each sample in the sequence. There will be a 2.4 minute delay before the sample is
injected. It is advisable to manually edit the programs to replace the 2.4 minute delay with a message
command to hold the system until the sample is ready.

Replace the “- 2. 400 Punp_Rel ay 1. d osed Duration=130. 00" line with “- 0. 100 Message
"Load the sanple into the injection |oop, press OK to continue"”

1. The sequences must be installed as described in Section 4.6.
2. The sequences must be set up as described in Section 4.7.

If the queue is not started already go to queue and Edit. Start the gueue. Run times are as
follows:

« Systems with an AS-DV or manual injection have a run time of approximately 1 h, 10 min.

« Systems with an AS-AP or AS but no sample prep have a run time of approximately 2 h, 10
min.

« Systems with an AS-AP with Injection Temperature Accuracy Test have a run time of
approximately 2 h, 40 min.

« Systems with an AS and sample prep have a run time of approximately 2 h, 40 min.

« Systems with a gradient pump, add an extra 60 min to the above times.

At the end of the main qualification the system will turn off and the automatically stop.

For systems using an Eluent Generator, the program will pause before the Eluent Generator
Current Qualification Test, proceed to section 5.2.1 for re-plumbing information. The program
will pause before the Flow Rate Accuracy and Precision Test, proceed to section 5.2.2 before
continuing to step 3.

3.  When the queue is finished, go to the Chromeleon console right click on each completed
sequence present in the qualification, select the Report and Print the report. The Eluent
Generator Current Qualification, Flow Rate Accuracy and Precision Qualification, Column
Heater Accuracy qualification have already been printed.

4. Review the report for Pass/Fail results. If any test does not pass, make the appropriate
instrument repair and/or adjustments and rerun all tests from the original point of failure on.
Refer to Section 5 for troubleshooting assistance.
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5.2.4 Turning off watermarks in the reports

Some users prefer not having watermarks in the back of the report. The procedure below describes
how to turn off watermarks in the reports. The procedure can only be performed if the user has
sufficient privileges granted by the administration.

1. Go to the Instrument Category
2. In the Chromeleon Console, Go to the Tools menu.

3. Select Administrations Console

# Chromeleon Console

| Create | File  Edit Wiew | Tools | Help

Instruments Skation Qualification. .. - % 50

Instrument Qualification, .. |
=
- ampler
02_|CS-5000_Dual 1

03_[C5-900450 | Bdminiskration Consale. ., |‘

04_IC5-2100 : Bme
05 1C5-3000 jManage users, licenses and other adminiskration settingst
=) 05 ICs-

0F_Ultik ate2000_2 Yirtual Column Separation Sirmulatar, . rument Dz
| | H H =
EI?_LIIt!MatESEIEIEI_B azic =T ) Tl i e e rument 0z
=l 08 UkiMate3000 RS nument Nz

Figure 25. Selecting Administration Console

4. Select Global Policies within the Administration Console.

B » = |

iJ License Manager (ocal) Chromeleon user database policies:
Scheduler

User Database Logon | Password Restrictions | Electronic Signature I LDAP Logon | Client Locking | Versionl

% G!obal Poicies Default User Name For Logon
Discovery

~-4al Local Machine . The box for the user name is blank for each
() Blank logon.

_ The box for the user name contains the user
@) Most Recent User name of the recently logged on user.
The box for the user name cortains the user
() Windows User Name name of the cumently logged on Windows
user. But the user name may be changed

The box for the user name contains the user
(©) Force Windows User Name name of the cumertly logged on Windows
user. This user name cannot be changed.

Figure 26. Selecting Global Policies
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5. Select “Reporting” tab, then uncheck “Print with watermark”

o
i3 Administraticn Consa

723, User Database Prirtt
Global Policies
Discovery
Local Machine

[T Print with watermark

Figure 27. Selecting reporting

5.2.5 Column/Compartment TC Temperature Qualification

The column/compartment TC temperature qualification can be used to qualify the temperature
accuracy of the column/compartment TC on an ICS-5000/ICS-5000" . After completion of all other
tests record the reading on the digital thermometer. See 5.2.5 to set up the Thermocouple on to the
digital thermometer.

Open the Water_ WU sample in the Warm Up sequence from the console. Select the Temperature
Qualification tab at the bottom of the page. Enter the measured temperature of the Column TC in
the “Measured Column Temperature” cell and if the Compartment TC is installed, enter the

measured temperature of the Compartment TC in the “Measured Compartment Temperature” cell.

Note: The template of this report is available on the PQ_OQ CD and can be used
for manual data collection and data calculations

Template name: OQ_PQ_Modular_Validation

If the test does not pass, make the appropriate repair/adjustments and rerun the test. Refer to Section
6 for troubleshooting assistance.

Print the Column TC Temperature Verification report by selecting Print from the File menu. Choose a
printer and press OK to begin printing.
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5.2.6 Sample Temperature Accuracy (AS-AP autosampler only)

This section describes how the sample temperature accuracy is determined for the following Thermo
Fisher Scientific autosampler: AS-AP. For this test, only the autosampler is required. The other
modules of the IC system are not required.

Test Procedure
The following table lists the materials required for performing the test.

Part No. Description Quantity
6820.0010 Type K temperature sensor for P600 thermometers 1
5705.0050A Column Thermostat PQ Kit 1
Note: The temperature accuracy test can be performed with a P600 thermometer or
equivalent.

In addition, a standard polypropylene vial (10.0 mL) is required. Fill the vial with water (do not cap).

Connecting and Configuring the System

System connections
e Connect the Type K temperature sensor to the P600 thermometer and set the sensor type and
calibration values as described in the instructions for the thermometer.

Figure 28. P600 Thermometer and Type K Sensor

e Fill an open standard polypropylene vial (10 mL) with water and place it at sample position BC1 if
you have a 10 mL rack or sample position RB1 if you have a small vial rack.
e Insert the temperature sensor into the vial at a right angle until the tip touches the vial bottom.
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Figure 29. P600 Thermometer with the Type K sensor inserted into the vial

¢ Rotate the carousel cover until it closes completely.

Figure 30. Carousel cover closed
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e Configuration
Configuration is not required.

e Preparing Chromeleon
To qualify the sample temperature accuracy, select the following sequence:
SAMPLER_TEMP_ACC

Performing the Check

Set the sample temperature to 15 °C. When the nominal temperature is reached, the external
thermometer is used to record the sample temperature over a period of 30 minutes.

Tip: Do not perform any autosampler commands during the test. Moving the needle arm or carousel
may damage the thermometer or autosampler.

Duration
The test takes approximately 1 hr.

5.2.7 AS-AP pH and Conductivity Qualification

This section describes how the sample pH and conductivity accuracy is determined for
the following Thermo Fisher Scientific autosampler: AS-AP. For this test, the autosampler and
other modules of the IC system are required. Please refer to the operator manual for pH and
conductivity detector set up. The pH qualification should be performed after the standard
qualification. The AS-AP pH and conductivity qualification will be set up in push mode only.

mgreate - File Edit View | Tools | Help igd)

Station Qualification...

| Instrument Qualirficatiun...

Customn '.'arial:leﬁ:litcr...
PreferF[ Configure and run tests to qualify an instrument

Discovery Manager...

Figure 31. Instrument Pane for Chromeleon 7.1

QG for pH/Conductivity accessory requires appropriate syringe and buffer loop. Consult manual for details. OK

Figure 32. Starting the Instrument Qualification Wizard for Chromeleon 7.1
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| Instrument Qualification Wizard @ x |
Choose Special Tests nay
Select sither the standard instrument qualiication tests or special tests L-;
e H

Qualfication Tests

" General
Performs general checks for instrument qualification.

s special instrument qualification tests that need user interaction.

[ «¢Back || Net> ][ Cancel

Figure 33. Select special for the Qualification Tests

| Instrument Qualification Wizard @ x |
Choose Tests s
Select the qualfication tests to run. Iy
PH/Conductivity Accessory with Modular System
[ <cBaok |[ met> [ conce |

Figure 34.The pH/ Conductivity Tests will be selected if the instrument is configured correctly.

| Instrument Qualification Wizard @ x |
Define a Storage Location s
Specify where to store the resuts L_:

Destination

chrom://icts-dell 3/Chromeleon Local/Instrument Data/ICS-5000_ASAP/Qualfication

[ <cBace ][ Finsh | [ Cancel

Figure 35. Select finish
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# | Chromatogram p| Name | Type Level Position Welume [pL] | Instrument Methed Processing Method
1 |None ﬁ WARMUP Blank o1 RA1 100.0000 : \WARMUP Walidation
2 [Naone 3 pH_COFFSET_CALIBR.. : Blank 01 RAT 100.0000 © pH7_CALIERATION Walidation
3 [None ﬁ pH_SLOPE_CALIER.. : Blank 01 RAZ 100.0000 | pH4_CALIERATION Walidation
4 | Mone ﬁ pH_SLOPE_CALIBR.. : Blank 01 RAZ 100.0000 ; pH10_CALIERATION Walidation
5 |Naone ﬁ pH_VERIFICATION(p... : Blank o1 RA1 100.0000 | pH_MEASUREMENT alidation
6 |Naone 3 pH_VERIFICATION(p... : Blank 01 RAZ 100.0000 © pH_MEASUREMENT Walidation
7 |None ﬁ pH_VERIFICATION(p... : Blank 01 RAZ 100.0000 | pH_MEASUREMENT Walidation
2 |Mone ﬁ CD_CALIBRATION Elank 01 Rad 100.0000 ;| CD_CALIERATION Walidation
3 | None ﬁ CD_MEASUREMENT... © Blank o1 RAB 100.0000 | CD_MEASUREMENT | Walidation
Figure 36. Sequences

Performing the Check
1. Fill the vials according to the table below.

Table 17. OQ/PQ Test Timetable

Qualification Standard Sample Order on AS-P
pH Measurement pH OFFSET Calibration RAL
pH Measurement pH Slope Calibration RA2
pH Measurement pH Slope Calibration RA3
CD Calibration Blank RA4
CD Measurement Conductivity Standard RA5

2. Start the sequence.

3. A pop out screen will remind the user to configure the AS-AP with the 5mL syringe and the
8500 pL buffer loop before the qualification begins.

QG for pH/Conductivity accessory requires appropriate syringe and buffer loop. Consult manual for details. OK

Figure 37. Reminder Screen

Duration
The test takes approximately 1 hour.

5.2.8 Qualification Comments

The comments section of the report is provided as a place to record any comments, test failures, or
configuration changes that occur during the qualification.

To use the comment section, open the Water_WU sample in the Warm Up sequence from the
Console. Select the Comment tab at the bottom of the page. Enter any comments. This page can
also be printed and comments entered manually.

To print the Comment report, select Print from the File menu. Choose a printer and press OK to
begin printing.
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Note: The template of this report is stored in the data vault of the respective
sequence. Please refer to Chromeleon 7 Quick Start Guide on how to access
report templates.

Template name: OQ_PQ_Modular_Validation

5.3 What to do if a Test Fails

If at any point the instrument results do not pass within Thermo Fisher Scientific specified limits, the
instrument must be serviced. See Chapter 6 for troubleshooting assistance. When the repair is
complete, rerun all tests from the original point of failure on in the sequence. All actions for failures
and repairs should be recorded on the “comments” report. For example, if the instrument passes
tests 1, 2, and 3 and fails test 4, make the appropriate repairs, record the action, and then repeat
tests 4 — 12 only.

When rerunning the tests, restart the Instruments OQ or Instrument PQ procedure from the
Qualification menu and uncheck all passed tests prior to the test that failed. All tests after the test
that failed should be left checked even if they have previously passed. The Warm Up sequence is
always required and must be rerun.

54 0OQ/PQ Completion

5.4.1 Customer Review
1. The printed results should be reviewed by the instrument owner/user.

2. When the qualification is accepted, both the Customer and Qualification Executor need to sign
the printed reports.

3. Fill out the Qualification Stickers and Certificates of Functional Performance for the qualified
modules.

4. Make a copy of the certificates for FSR qualification, multimeter if used, temperature probe if
used, and original standard certificate(s).

5. Place the reports and certificates into the binder provided in the OQ/PQ kit and leave it with the
customer.

5.4.2 Accuracy of Reports

In accordance with Good Laboratory Practice (GLP), calculations used to determine the results in the
printed reports use more significant figures than those shown and are rounded down for the final
report. When reproducing the calculations by hand it may be necessary to obtain numbers from the
reports after increasing the number of displayed significant figures.

The number of displayed significant figures can be adjusted through the report publisher. Open the
sequence containing the samples for the test being examined and double click on a sample. The
sample data should be shown. Highlight the numbers being used for the hand calculations, click on
the Format menu and select number. The number of digits displayed can be increased by changing
the number type; for example, entering 0.00000 into the Type field will increase the number of
displayed decimal places to 5. Always use more significant figures for hand calculations than is
shown in the printed report.
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5.4.3 Returning the System to the Original Configuration

1. If the Signal factor was modified in the system preparation, or a module was renamed it must be
set back to its original value. Open the Chromeleon Instrument Configuration application. Double
click on the detector qualified to view the properties page. Select the Signals page to change
the factor back to the original value and the General page to change the name back to the
original value. Exit the properties page and save the configuration.

2. Disconnect the Backpressure Coil and restore the system plumbing to its original configuration
with the appropriate columns, suppressors, and Eluent Generator in line.

3. Remove the sample loop and reinstall the original sample loop back onto the injection valve. For
systems using an AS Autosampler, go to the Main Menu on the front panel of the autosampler.
Access the Module Set Up screen and then go to Plumbing Configuration. Change the
sample loop size back to its original value. For systems using an AS-AP Autosampler, open
Instrument Configuration and go to the Options tab for the AS-AP Autosampler and change the
sample loop size back to the original value.

4. Reconnect the original eluents to the pump and prime each line individually to purge the eluents
used in the OQ/PQ tests.

5. Flush the system with an eluent recommended by the customer and confirm that there are no
leaks.
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6 Troubleshooting

6.1 General Hints

If the system pressure is above 2000 psi after connecting the PEEK Backpressure coil with a flow rate
of 1.00 mL/min, the coil has a blockage. Re-cut the ends of the coil or replace it.

Dips before or after the main nitrate or caffeine peak indicates extra dead volume in the system, this
may be caused by small voids between the end of a liquid line and the bottom of the port. Individually
disconnect each line from the injection valve to the detector cell. Push the ferrule and fitting up and
away from the end of the tubing. For analytical systems only: Make sure the tubing is cut straight. If it is
not, re-cut the end.

6.2 Failure of Individual Tests

6.2.1 Conductivity Detector Tests

Test

Reason

Action

Baseline Noise

Poor water quality

Air bubbles in flow cell

Cell temperature regulation failure

Replace with an alternate water
source

Flush out flow cell

Replace cell

Drift

System not equilibrated
Lab temperature not stable

Water not degassed

Allow longer flush/equilibration
time

Regulate temperature (block
vents, close windows, etc.)

Degas water or turn degas unit
onto “Always On” setting.

Detector Linearity

Concentration of standards is
incorrect

Liquid leak

Injection volume not consistent
(manual injections only)

The peak height of the sample
with the highest concentration is
not in the linearity range
specified for the detector, i.e.,
usually > 1500 mAU (for

Thermo Fisher Scientific and PDA
detectors).

Obtain new fresh standards

Find and repair source of leak

Overfill sample loop at least 4x
when loading

Reduce the injection volume for
all samples used for the detector
linearity check so that the peak
height of the sample with the
highest concentration is in the
linearity range of the detector,

i.e., usually < 1500 mAU.
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6.2.2 Pump
Test Reason Action
Air in system Prime pump — prime each eluent
line individually for 3 — 5 minutes,
flush system
System not equilibrated Allow longer flush/equilibrium
time
Old eluent in vacuum degas chamber | Prime pump — prime each line
. individually for 3 — 5 minutes
Gradient Step .
Accuracy Incorrect eluent concentration for Remake 0.3 % Acetone, 1 mM

eluent B and D

Pump eluents might need to be
pressurized

Eluent bottles not vented
Pump is not primed

Eluent lines not conditioned with new
eluent

KCI solutions or 8.3 uM glucose
in 50 mM NaOH

Pressurize eluent bottles with 5
psi helium or nitrogen

Vent eluent bottles
Prime the pump

Prime all 4 eluent lines for at
least 15 minutes

Step Noise (ripple)

Air in system

Air in flow cell

System not equilibrated

Check valve or piston seal failure

Void time from pump to detector too
long or short

Prime pump, flush system

Flush flow cell with iso-propyl
alcohol, ensure adequate
backpressure on flow cell

Allow longer flush/equilibrium
time

Replace check valve/piston seal

Adjust tubing length accordingly

Flow Rate Accuracy
and Precision

Flow rate out of calibration

Re-calibrate the flow rate of the
pump
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6.2.3 Autosampler

Test

Reason

Action

Injector Precision

Air injected from vial or from sample
syringe when doing manual injections

Air bubbles in AS or AS-AP sample
syringe

Liquid leak in autosampler or injection
valve

Poor water quality in flush reservoir

Too little sample volume in vial —
refill vial or flush bubbles out of
injection syringe

Flush out syringe

Find and repair source of leak

Change water and flush sampler
fluidics

Injection Volume

Detector failure

See Detector linearity
troubleshooting section

Tray Temperature
Accuracy

Linearity . . .
Defective sample syringe Replace sample syringe
Contaminated injection valve Replace injection valve rotor and
stator face
Contamination in autosampler Flush/replace autosampler liquid
lines
Carryover
Contamination in sample vial or in Use new sample vial for
syringe used for manual injections deionized water blank, rinse vial
thoroughly before using, flush
syringe or use a new one
Air injected from vial Too little sample volume in vial,
refill vial
Air bubbles in AS sample syringe or Flush out syringe
prep syringe
Sample Prep . ; -
o Defective prep syringe Replace prep syringe
Precision prep syring P prep syring

Liquid leak in autosampler or injection
valve

Poor water quality in Sample Prep
reservoir

Thermometer not calibrated

Find and repair source of leak

Change water and flush sampler
fluidics

Calibrate thermometer
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6.2.4 Integrated Amperometry Detector Tests

Test

Reason

Action

Baseline Noise

Electrochemical cell not connected
properly

Electrochemical cell defective

Reconnect test cell cable to
amperometry cell connection on
SP board

Replace DWE, reference
electrode or electrochemical cell

Drift
Lab

Detector not equilibrated

temperature not stable

Allow longer equilibration time

Regulate temperature (block
vents, close windows, etc.)

6.2.5 Eluent Generator

Test

Reason

Action

Current

Quialification Test box not
connected properly

Ammeter or multimeter on wrong
setting

Quialification cell defective

Reconnect test cell cable to the
Eluent Generator, confirm
ammeter or multimeter leads are
making contact with test cell
wires

Ammeter or multimeter should
be set to read current (mA).
Range should be set to view
0.00 to 300.00 mA

Replace Qualification test cell

6.2.6 Column Thermostat

Test Reason Action
Co!umn Compartment not Recalibrate the Column Heater
calibrated
Temperat_ure Thermometer not calibrated Calibrate thermometer
Qualification
Thermometer not fitted in column Fit thermometer in column
compartment correctly compartment correctly
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7 Example Reports
The example reports are for:

An ICS-5000/ICS-5000" Analytical system configured with a CD Detector, DP Gradient Pump, and
an AS-AP Autosampler.

An ICS-5000/ICS-5000" Analytical system configured with a ED Detector, DP Gradient Pump, and
an AS-AP Autosampler.
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1

Introduction

Operational and Performance Qualification are becoming increasingly important to analytical
laboratories. Documented evidence must be provided to demonstrate the integrity of data collected
and qualify the results obtained on laboratory instrumentation.

The following institutes set and control industry instrumentation standards:

NIST The National Institute of Standards and Technology is an administrative body of the US
Department of Commerce. Together with industry, the NIST develops new technologies and sets
technological standards countrywide. Thermo Fisher Scientific includes NIST traceable standards as
part of the qualification kit.

ASTM The American Society for Testing and Materials sets technical standards and rules for the
industry worldwide, specifically; E 1657 — 98: Standard Practice for Testing Variable-Wavelength
Photometric Detectors in Liquid Chromatography. E1511 — 93: Standard Practice for Testing
Conductivity Detectors used in Liquid Chromatography. E19.09.07: Proposed Standard Practice for
Evaluation of Gradient HPLC pumps — Draft.

USP The United States Pharmacopeia (USP) is an official public standards—setting authority for all
prescription and over—the—counter medicines and other health care products manufactured or sold in
the United States. USP establishes documentary and reference standards to ensure quality analytical
instrument qualification process.

These standards are written in broad terms to make them as widely applicable as possible. All
stipulate general requirements specifying instruments must be fit for purpose, technically checked in
defined periods, calibrated and make sure that test results are documented according to international
guality standards. The OQ/PQ procedure used to qualify Thermo Fisher Scientific lon
Chromatography Systems meets the requirements established by NIST, ASTM and USP.

This OQ/PQ procedure provides qualification testing for ICS-5000/ICS-5000" capillary systems
composed of any modules listed in section 1.6.

The OQ/PQ results can be influenced by unusual laboratory conditions. For example, direct sunlight
and close proximity to air conditioning ducts will cause thermal irregularities that will affect baseline
drift on conductivity detectors. In these cases, it may happen that the manufacturer’s specifications
are not met. Ensure that the instrument is operated in suitable environmental conditions or for PQ, the
specifications may be adjusted accordingly.

All OQ/PQ activities must be formally recorded, all instruments must be clearly identified, and test
reports and supporting documentation must include the following information:

1. Module name, type and serial number
2. Software and firmware version
3. Testdata

4. Service interval
5

Signature of the Thermo Fisher Scientific Service Engineer/Qualification Executor who
performed the OQ/PQ

6. Signature of the customer who reviewed and accepted the OQ/PQ results
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1.1 How to use this manual

It is essential that the operator read and understand this manual completely before implementing
any OQ or PQ process.

1. Use the table of contents to determine which tests are required for the system to be qualified and
refer to the recommended sections. This will help keep track of what steps to follow during
system setup and preparation. It will also aid in selecting the appropriate sequences to run the
tests.

2. For the ICS-5000/ICS-5000" capillary system, electrochemistry cells in Integrated Amperometry
mode are supported for qualification tests. For the Integrated Amperometry detection
qualification, a pH/Ag/AgCI reference electrode is required for all tests in capillary format. The
ICS-5000/ICS-5000" electrochemistry detector modes for DC amperometry and cyclic
voltammetry are not supported for OQ/PQ testing. When qualifying Integrated Amperometry
detection a disposable gold working electrode is used; other electrodes are not supported.

3. Usethe Table of Contents and the List of Tables as reference guides to locate information
quickly.

The electronic version of the OQ/PQ operator’'s manual contains hypertext links that can take
you to other locations within the file. These links include:

* Table of contents entries

« Cross-references (underlined in blue) to sections, figures, tables, etc.

Chapter 1 Introduction
Introduces the conventions used in performing OQ/PQ with the ICS-5000/ICS-5000" capillary systems;
including the basic requirements, industry standards and manual summary.

Chapter 2 Overview of the Tests
Provides an overview of the tests available to be performed.

Chapter 3 Explanation of Test Procedures
Describes the theory behind each test, the OQ/PQ operating procedures and evaluation of the results.

Chapter 4 Qualification Preparation
Step by step preparation instructions for the OQ/PQ software, hardware installation and the details of
the materials in ship kits.

Chapter 5 Performing the Qualification
Detailed operating instructions on how to perform the OQ/PQ including test order, time table,
sequence initialization and troubleshooting tips.

Chapter 6 Troubleshooting
Lists problems and presents step-by-step procedures for how to isolate and eliminate the cause of
each problem.

Chapter 7 Example Reports
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1.4 Operational Qualification (OQ)

According to “The Development and application of guidance on equipment qualification of analytical
instruments” by P. Bedson and M. Sargent [Accred. Qual. Assur. (1996) 1: 265 — 274] the following
definition applies:
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“The purpose of OQ is to prove and document that an analytical system functions according to its
operating specification while the specific environmental conditions are taken into account. In his
specification, the supplier has therefore to define exactly the conditions that must be observed.”

OQ should be performed after initial system installation or when an additional new module is added to
an existing system. OQ should be done according to the instructions outlined in this manual and all
tests should be performed by a qualified Thermo Fisher Scientific Service Engineer. Any hand-written
notes made during the performance of the tests must become part of the test results, in accordance
with Good Laboratory Practice (GLP) and current Good Manufacturing Practice (cGMP).

1.5 Performance Qualification (PQ)

According to “The Development and application of guidance on equipment qualification of analytical
instruments” by P. Bedson and M. Sargent [Accred. Qual. Assur. (1996) 1: 265 — 274] the following
definition applies:

“The purpose of PQ is to prove and document that an analytical system functions according to a
specification that is suitable for the system’s routine operation. A system is subject to wear when
being operated. Thus, it may happen that the supplier’s specification is no longer met. This means:
The test procedures used for OQ are also used for PQ, but the tolerances of PQ are less restrictive
than those for OQ. Using the same test procedures simplifies the handling.”

PQ should be performed at regular intervals after the initial installation and OQ. Thermo Fisher
Scientific recommends performing PQ every six months. PQ should be done according to the
instructions outlined in this manual and all tests should be performed by a qualified Thermo Fisher
Scientific Service Engineer. Any hand-written notes made during the performance of the tests must
become part of the test results, in accordance with Good Laboratory Practice (GLP) and current Good
Manufacturing Practice (cGMP).

1.6 Basic Requirements for Successful OQ and PQ

It is recommended that the most current revision of the OQ/PQ software templates is used in order for
a qualification to be considered valid. It is the responsibility of the qualification engineer to determine
the most up to date revision of the templates available and ensure that the revision is used before
proceeding with this qualification or if the customers SOP require an earlier OQ/PQ version to be
used.

It is recommended that the qualification be performed using the most current Chromeleon® service
pack version (Contact Thermo Fisher Scientific Technical Support for current version).

It is recommended that the qualification be performed using the most current firmware version for
each system or module (Contact Thermo Fisher Scientific Technical Support for current version).

Operational Qualification and Performance Qualification are system-specific test procedures. The
procedures described below are valid for IC systems comprising of the following equipment (only one
type of detector and one pump can be qualified concurrently):

e Pump: ICS-5000/ICS-5000" SP or ICS-5000/ICS-5000" DP (Capillary version)
e Manual injection or any of the following autosamplers: AS, AS-DV or AS-AP

e AS-AP autosampler 10 mL tray (P/N 074938) with ICS-5000/ICS-5000" CD (push mode) and 1.5
mL tray (P/N 074936) with ICS-5000/ICS-5000" CD or ED (push mode only). To qualify the AS-
AP, a 250 L injection syringe is required. The buffer size should always be set at 1200 pL.

e Conductivity detector: ICS-5000/ICS-5000" CD (Capillary version)
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e Electrochemical detector: ICS-5000/ICS-5000" ED (Capillary version)
e Eluent Generator: ICS-5000/ICS-5000" EG
Note: Ensure that the wash option is turned off during the qualification.

In addition, Chromeleon® version 7.10 or higher is required and the following requirements must also

be met:
Table 1. 1CS-5000/ICS-5000" and Chromeleon Compatibility
Module Minimum Chromeleon Software Version
AS-AP 7.1 SR1
AS 7.1 SR1
AS-DV 7.1 SR1
ICS-5000/ICS-5000" SP or DP 7.1 SR1
ICS-5000/ICS-5000" EG 7.1 SR1
ICS-5000/ICS-5000" DC 7.1 SR1
ICS-5000/ICS-5000" CD 7.1 SR1
ICS-5000/ICS-5000" ED 7.1 SR1
ICS Series VWD 7.1 SR1
FLUKE189/289 7.1 SR1

It is possible to qualify modules in systems that are not listed in this section; however some
modification of the included programs may be required. Such modifications are not within the scope of
this document.

For the 1CS-5000/ICS-5000", it is not possible to qualify multiple pumps on a single system. If multiple
pumps are configured on a single Chromeleon Timebase, the second pump will be ignored by the

programs.
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2 Overview of the tests

The following table provides an overview on the parameters to be tested and the limits recommended
for OQ and PQ.

e Template sequences (with programs specific to the Instrument Configuration) are generated
based on the master sequence of the OQ/PQ CD (P/N 057601-rev19) and system configuration in
the IC Timebase.

all template sequences.
e Do not alter the test sequence order.

The sequences are copied from each test that is to be performed on the subject system.
Capillary OQ/PQ runs at 0.010 mL/min.

Capillary OQ/PQ sequences typically begin with XQ_CIC_...
The Chromeleon software will automatically create a default unique name and directory to contain

Table 2. OQ/PQ Specification Limits: ICS-5000/ICS-5000" CD Baseline Noise/Drift and Detector Linearity

Instrument

Parameter

Description

Limits

0oQ

PQ

ICS-5000/ICS-
5000° CD

Baseline
Noise

Baseline
Drift

ASTM Type | deionized water
with low total organic carbon
(TOC)* is pumped through the
detector at a flow rate of
0.010 mL/min.

1.0nS

2.0nS

10.0 nS/hr
3.33nS/ 20
min

20.0 nS/hr
6.67 nS/ 20
min

Detector
Linearity

5 Nitrate solutions from the
OQ/PQ standards kit P/N 063540
are injected in different
concentrations. Concentration
(ppm) and peak height (uS) are
represented on a graph. The
correlation coefficient for the
resulting line and the deviations
from it indicate the linearity.

r 20.999

RSD <5.0 %

r 20.999

RSD <5.0 %

ICS
Series
VWD

Baseline
Noise

Baseline
Drift

ASTM Type | Deionized water
with low TOC is pumped through
the detector at a flow rate of

1.0 mL/min. Wavelength 254 nm
and 520 nm.

50 pAU

50 pAU

4000
BAU/hr

4000
pAU/hr

Wavelength

Accuracy

Holmium oxide maxima are
compared with the theoretical
maxima.

+2nm

+2nm

Detector
Linearity

5 Caffeine solutions from the
OQ/PQ standards kit P/N 063540
are injected in different
concentrations. The absorbance
is measured at a wavelength of
272 nm. Concentration (ppm) and
peak height (mAU) are
represented on a graph. The
correlation coefficient for the
resulting line indicates the
linearity.

r 20.999

RSD <5.0 %

r20.999

RSD 5.0 %

*ASTM Type 1 Deionized water Total Organic Carbon Specification: <50 ppb.
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Table 3. OQ/PQ Specification Limits: ICS-5000/ICS-5000" ED Baseline Noise/Drift

Instrument

Parameter

Limits

Description

0oQ

PQ

ICS-5000/ICS-
5000 ED
Capillary

Baseline
Noise

Baseline
Drift

15 mM of electrolytically
generated KOH is pumped

Int. Amp:
<100 pC

Int. Amp:
<160 pC

through the detector cell at a
flow rate of 0.010 mL/min.
An Amino Acid disposable
gold working electrode
(Thermo Fisher Scientific
P/N 060082),with a 1 mil x 1
mm PTFE cell gasket
(Thermo Fisher Scientific
P/N 072161) and the
Ag/AgCI pH reference
electrode with a cell gasket
(Thermo Fisher Scientific
P/N 072162) are set up.

Int. Amp:
<3000 pC/hr

<1000 pC/20 min

Int. Amp:
<3750 pC/hr

<1250 pC/20 min

Detector
Linearity

5 Threonine solutions from
the Capillary ED OQ/PQ
standards kit P/N 074730
are injected in different
concentrations.
Concentration (uM) and
peak height (nC) are
represented by a plot. The
correlation coefficient for the
resulting line (and the
deviations from it) indicates
the linearity.

r20.999

RSD 5.0 %

r20.999

RSD <5.0 %

*ASTM Type 1 Deionized water Total Organic Carbon Specification: <50 ppb.

Table 4. OQ/PQ Specification Limits: Injector Precision, Carryover and Sample Prep Precision

Instrument Parameter Description 00 Cllullss PO
10 injections of a defined
standard with full loop injection
at 25 uL each of the same CD Capi . . .
pillary: CD Capillary:

All injectors Injector standard alre. analyz%d. ghe RSD <0.8 % RSD 1.0 %

and samplers Precision pe"?er.“ relative standar ED Capillary: ED Capillary:
deviation (%RSD) of the peak e RSD <3.0 9%
areas indicates the RSD <3.0 % =900
reproducibility of the injection
volume.
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Following the injection of a
highly concentrated test sample,
a blank sample is injected and
then a water blank sample is
injected. The peak area
measured in this chromatogram
compared with the peak area of
the highly concentrated sample

< 0 < 0,
Carryover indicates the amount of <0.1% <0.1%
carryover. If there is any peak
area measured in the water
blank sample, that area is
subtracted from the area of the
blank sample before it is
compared to the highly
concentrated sample.
Sample . 3 samples of identical
Preparation .
S concentration are prepared from
Precision (if . ;o
the same starting vial into 3
present = not separate vials and injected. The
AS supported on lp . dard d Jected. f th RSD 1.5 % RSD <2.0 %
the AS with re atk|ve stan 3( teV|E':1ht|on of the
i _ | peak areas indicates the
ICS E:OOO/ICS reproducibility of the sample
5000 ED .
detection) preparation.
The sample temperature is
Temperature measured using an external
AS-AP Accuracy thermometer in a standard vial. The 15.0+2.0°C 15.0 +4.0 °C
(if present) vial is filled with water and
measured at 15.0 °C.
The sample temperature
calibration is measuring the pH
at 4, 7 and 10. The reading is + +
AS-AP pH pH Accuracy stable if the reading and the /-pH 0.1 /- pH 0.2
three data points are within 0.2
pH unit of each other.
The conductivity calibration
procedure consists of
AS-AP Conductivity determining the conductivity o o
Conductivity Accuracy zero point of the accessory and [-30us [-50us
then measuring the conductivity
of a 1000 uS standard.
T The sample temperature is
emperature measured using an external
AS-AP Accuracy thermometer in a standard vial. 15.0+2.0°C 15.0+4.0°C
(if present) The standard vial is filled with
water (measured at 15.0 °C).
*ASTM Type 1 Deionized water Total Organic Carbon Specification: <50 ppb.
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Table 5. OQ/PQ Specification Limits: ICS-5000/ICS-5000" EG Current, SP/DP Flow Rate
Accuracy/Precision and DC Column TC Temperature

o Limits
Instrument Parameter Description 00 | PO
The eluent generator (EG) is
commanded to produce a series of
different concentrations (using the
current cartridge type configured
ICS-5000/ICS- | Current with a concentration range L
5000 EG Qualification | between 0 mM to 200 mM). At See report at CIC_Modular_validation
each EG concentration setting the
current (mA) produced by the EG
is measured and compared with
theoretical values.
Water is pumped at a flow rate of
0.010 mL/min into a weighed beaker
Flow Rate for exactly 10 minutes. The weight of
Accuracy the water is measured, the flow rate 0.010 +0.0005 0.010 +0.0005
(Capillary of the pump calculated and mL/min mL/min
Pump) compared with the theoretical value.
ICS-5000/ICS- This experiment is repeated four
5000° SP, ICS- more times.
5000/ICS- Capillary Systems: Water is
5000 DP pumped at a flow rate of
Flow Rate 0.010 mL/min into a weighed
PreC|IS|on beaker for gxactly 10 minutes. This <5.0 % <5.0 %
(Capillary procedure is repeated four more
Pump) times. The relative standard
deviation of the five measurements
is calculated.
The Capillary DC column
temperature and the IC Cube are
Column TC | setto 30 °C. The Capillary DC
and compartment temperature is set to
Compartme | 15 °C for the duration of the entire
ICS-5000/1CS- nt, qualification. At the end of the +2.0°C +25°C
5000" DC e
Temperatur | qualification the temperature of the
e column heater is measured with a
Verification calibrated external thermometer
and compared with the theoretical
value.

*ASTM Type 1 Deionized water Total Organic Carbon Specification: <50 ppb.

Note: The instrument’s specifications can only be met if the conditions that are described in the
accompanying manual are strictly observed.
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3 Explanation of Test Procedures

3.1 Flow Rate Accuracy and Precision Qualification

3.1.1 Theory

The accuracy and precision of a capillary pump is qualified by accurately measuring 5 aliquots of
eluent into a tared ~10 mL sample vial (P/N 074731) including tubing (P/N 074483), ferrule (P/N
074373) and nut (P/N 074449) for exactly 10 minutes each. A 6-port 2 position injection valve is used
to measure the 10 minute aliquot and the volume of each aliquot is determined gravimetrically. The
backpressure coil is placed before the injection valve and equal lengths of tubing (blue color PEEK
P/N 074484 0.0063 mm ID 22 cm) are used for eluent and waste to ensure that there is no
backpressure change when switching the valve from waste to sample.

«—— P/N 074373
“——— P/N 074449

1 P/N 074484

/ T — P/N 074731

Figure 1. 10 mL Sample Vial with proper set up for flow rate accuracy test.

3.1.2 Performing the Test and Evaluating the Results

The Flow Rate Accuracy and Precision Qualification are run using the sequence called
CIC_XQ_Flow_Rate. The five weight measurements for the aliquots are entered manually into the
report and converted to volume when the temperature is entered. Accuracy is measured by
comparing the theoretical value (0.10 mL in 10.00 min) to each of the five aliquots and precision is
measured by determining the relative standard deviation of the five aliquots.

3.2 Eluent Generator Current Qualification

3.2.1 Theory

The Eluent Generator Current Qualification is determined by performing an EG step gradient using
varying eluent concentration set points. The EG applies a specific current to the EG cartridge
depending on the concentration of eluent and type of cartridge selected. An IC Qualification Test Box
(P/N 072005) is used in place of the EG cartridge and the applied current for each step is measured
using an ammeter or voltmeter that is connected to the test cell. No injection is performed.
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In order to perform the test, the system is first configured with the qualification test box before the
batch is started. Once the program is completed, the program prompts the user to disconnect the
qualification test box and connect the EGC and CR-TC.

3.2.2 Performing the Test and Evaluating the Results

The Eluent Generator current qualification test is the next test in the sequence queue and the
sequence is called XQ_EG_Current or XQ_EG_Dual_Current. The Current readings in mA are
displayed on the voltmeter for each concentration step in the gradient. Values for each step are
manually recorded (please enter at least three figures after the decimal in each entry) or can be
automatically downloaded into the Report Template when using a Fluke 189/289 or equivalent
multimeter (calibrated with up to 300 mV DC scale range and the multimeter needs to display three
decimal places) which is configured in the Instrument as a module using the appropriate device
driver. The sequence follows an XQ_Stop sequence that will pause the system to allow connection of
the qualification cell and recording of the results.

3.3 Warm up

The warm up sequence is used to ensure that all parts of the system are responding appropriately
and to record logs to the audit trail (later used to update the information in the report definition file). It
is called XQ_Warm_Up where; X is P for PQ and O for OQ. The warm up sequence is necessary for
all qualifications. The amperometry detector qualifications have a 1 hour warm up period. The warm
up sequences from the AS-AP directory inject the low level standards.

3.4 Baseline Noise and Drift (Conductivity Detector and Absorbance
Detector)

3.4.1 Theory

A 20-minute detector baseline background trace is collected using deionized water as the eluent at a
flow rate of 0.010 mL/min. No injection is performed. For ICS Series VWD, data is collected at 254 nm
and 520 nm. No injection is performed. Then a short equilibration is done at 272 nm.

Noise is calculated by partitioning the 20-minute baseline signal into 20 one-minute intervals. The
noise is the distance between two parallel lines through the measured minimum and maximum values
and the regression line. The measured noise values are then averaged to establish the final value. To
calculate drift, the Chromeleon software uses a method of least squares and calculates a regression
line from the measured values. The slope of the regression line indicates the drift of the measured
signal, and the amount of the slope indicates the amount of drift.
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Noise Calculation

Intensity (nC)
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Figure 2. Noise Calculation
Drift Calculation
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Figure 3. Drift Calculation

The slope of the regression line indicates the drift of the measured signal, and the amount of the

slope indicates the amount of drift.
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3.4.2 Performing the Test and Evaluating the Results

Noise and drift evaluation for all IC detectors is the next test in the sequence queue and is called
XQ_CIC_Detector_Noise_Drift where X is P for PQ and O for OQ and Detector is CD for conductivity
detectors.

Note: Ensure that the wash option is turned off during the qualification.

02_IC5-5000_Dual_1

EDett Properties Commands
gg Property W alue |
=] Purnp_1 Denasser off -
Purnp_1_Pressure Leak Moleak
= Pump_2 Leakslarm il
F';mp 2 Pressure LeakDelay 120 [5]
=] EluentGensrator LeakS ensorhode Dizabled -
= EGC 1 RearSealleakCounter 3
E_GC 1 Calibration RearSealleakLimit [
= EGC 2 RearSealw ashPump Idle
EGC 2 Calibration FiearS ealwashSystem [DF -
Sampler SalventPlackLeak MoLeak
= Spsten
Injection
Hestinjgction
Prevnjection
PrevStandard

Figure 4. Rear seal wash option
3.5 Wavelength Accuracy of Absorbance Detectors

3.5.1 Theory

Wavelength accuracy is evaluated using a holmium oxide filter. Three holmium oxide absorbance
maxima are compared with the theoretical maxima at 360.9 nm, 418.7 nm and 536.2 nm for ICS
Series VWD detectors.

3.5.2 Performing the Test and Evaluating the Results

For the VWD detectors the wavelength accuracy test is the first test in the sequence queue and is
called XQ_Wavelength_Accuracy where, X is P for PQ and O for OQ. The Wavelength Accuracy Test
program executes the verification and the results are logged to the audit trail by the Wavelength
Accuracy Report program.

3.6 Noise and Drift (Integrated Amperometry)
3.6.1 Theory

A 20-minute detector baseline is collected using 15 mM KOH as the eluent at a flow rate of
0.010 mL/min for capillary systems. An Amino Acid disposable gold working electrode (Thermo
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Fisher Scientific P/N 060082) is used along with the Amino Acids (pH using Ag/AgCI Reference
electrode) waveform. This test requires a Ag/AgCI pH reference electrode. No injection is performed.

3.6.2 Performing the Test and Evaluating the Results

Noise and drift evaluation for Integrated Amperometry a detector is the only test in the sequence
gueue and is called XQ_CIC_ED_Amp_Noise_Drift.

Noise is calculated by partitioning the 20-minute baseline signal into 20 one-minute intervals. The
noise is the distance between two parallel lines through the measured minimum and maximum values
and the regression line. The measured noise values are then averaged to establish the final value. To
calculate drift, the Chromeleon software uses a method of least squares and calculates a regression
line from the measured values. The slope of the regression line indicates the drift of the measured
signal, and the amount of the slope indicates the amount of drift (Figure 2 and 3).

3.7 Injector Precision

3.7.1 Theory

Injector precision is determined by performing ten replicate injections of a standard using a fixed
sample volume.

Conductivity Detectors: A 50 ppm nitrate standard is injected when using conductivity detection.
Deionized water is used as the eluent at a flow rate of 0.010 mL/min and with conductivity detection.

Electrochemical Detectors: A 10 pM Threonine standard is injected when using ICS-5000/ICS-5000"
ED detector in Integrated Amperometry mode. 15 mM of electrolytically generated KOH is used as
eluent at a flow rate of 0.010 mL/min. A 0.4 mm x 50 mm CarboPac PA20 (P/N 072073) guard
column, an Amino Acid disposable gold working electrode (Thermo Fisher Scientific P/N 060082) and
a 1 mm PTFE cell gasket ( Thermo Fisher Scientific P/N 072161) are used with the Amino Acid (pH
using Ag/AgClI Reference electrode) waveform. Please note that the ED Capillary precision
specification is 3.0 %.

3.7.2 Performing the Test and Evaluating the Results

The Injector precision evaluation is the next test in the sequence queue and the samples are called
Inj Precision_1 through Inj Precision_10 in the XQ_CIC_Detector_Inj_Precision sequence, where X is
O for OQ, P for PQ, and Detector is CD for conductivity detectors and ED for amperometry detectors.
The concentration of the nitrate standard and the sample volume injected is included in the QNT file
used for injector precision.

Precision is determined by calculating the relative standard deviation (RSD) of the peak areas for the
ten injections.

065448 OQ PQ Operating Instructions Part F Rev. 7.12 Page 20



ThermoFisher
SCIENTIFIC Thermo Fisher Scientific ICS-5000" Capillary System OQ/PQ User’s Guide

3.8 Sample Carryover

3.8.1 Theory

Sample carryover is determined by injecting a highly concentrated sample, followed by a blank
sample and then a second blank injection. The blanks in this case are deionized water. Nitrate at a
concentration of 1000 ppm is injected when this test is performed with a conductivity detector.

Conductivity Detectors: Nitrate at a concentration of 1000 ppm is injected when this test is performed
with a conductivity detector.

Electrochemical Detectors: A 10 pM Threonine standard is injected when using 1CS-5000/ICS-5000"
ED detector in Integrated Amperometry mode. 15 mM of electrolytically generated KOH is used as
eluent at a flow rate of 0.010 mL/min. A 0.4 mm x 50 mm CarboPac PA20 (P/N 072073) guard
column, an Amino Acid disposable gold working electrode (Thermo Fisher Scientific P/N 060082) and
a 1 mm PTFE cell gasket (Thermo Fisher Scientific P/N 072161) are used with the Amino Acid (pH
using Ag/AgCl Reference electrode) waveform.

Ideally, the chromatogram of the two blank injections should be identical. If, however, a difference is
detected, the difference between the peak areas is calculated and the ratio of this difference to the
highly concentrated sample is calculated. Deionized water is used as the eluent at a flow rate of
0.010 mL/min for conductivity detectors.

3.8.2 Performing the Test and Evaluating the Results

Sample carryover evaluation is included in the same sequence as the Injector Precision test of the
sequence queue and the samples are called Water, Carryover and Water_CO in the
XQ_CIC_CD_inj_precision_CO sequence.

A peak area ratio is calculated between the blank and high concentration sample to determine sample
carryover.

3.9 Detector Linearity

3.9.1 Theory

Conductivity Detector: Detector linearity for conductivity detectors uses a sequence of five nitrate
standard injections at 5, 10, 25, 50, and 100 ppm. Deionized water is used as the eluent at a flow rate
of 0.010 mL/min. Note that only capillary VWD absorbance detector is supported for capillary ion
chromatography.

Electrochemical Detector: Linearity for Integrated Amperometry detectors uses a sequence of five
Threonine standard injections at 1, 2, 4, 8, and 10 uM. 15 mM of electrolytically generated KOH is
used as eluent at a flow rate of 0.010 mL/min. A 0.4 mm x 50 mm CarboPac PA20 (P/N 072073)
guard column, an Amino Acid disposable gold working electrode (Thermo Fisher Scientific P/N
060082) and a 1 mm PTFE cell gasket (Thermo Fisher Scientific P/N 072161) are used with the
Amino Acid (pH using Ag/AgCl Reference electrode) waveform.

3.9.2 Performing the Test and Evaluating the Results

Detector linearity samples are called Detector linearity 1 through Detector linearity 5 in the
XQ_CIC_Detector_Linearity sequence. The concentrations of the standards are included in the QNT
file used for detector linearity. It is recommended to enter the actual concentration of the standards
from the certification of analysis into the quantification files to achieve the real results.
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3.10Sample Temperature Accuracy of Autosamplers (AS-AP only)
3.10.1 Theory

The sample temperature accuracy mainly depends on the cooling and heating accuracy of the
AS-AP autosampler, the insulation of the sample compartment, and the thermal transfer from the
carousel to the vial.

3.10.2 Performing the Test

The sample temperature accuracy is determined with the help of an external thermometer. The
temperature sensor is placed in a standard polypropylene vial (10 mL or 1.5 mL) filled with water.
The carousel cover must be closed during the test. The autosampler temperature is set to a
specified temperature. When the set temperature is reached, the sample (water) temperature is
recorded at the end of the 30 minute period. Within the 30 minutes, the sample temperature reaches
a stable value. The program will keep the carousel from moving during the run. The temperature
accuracy is the temperature difference between the sample temperature and the nominal
autosampler temperature.

3.11 Sample Preparation Precision (AS only)
3.11.1 Theory

Sample Preparation precision (electrochemical and absorbance detection are not supported) is
determined by making three separate injections using a fixed injection volume. Each of the three
standards is prepared individually using the autosampler’'s sample preparation option. The
autosampler prepares the three samples by first transferring 15 pL of a 1000 ppm nitrate standard
into three empty sample vials followed by the addition of 1485 uL of water to each. Injections are then
made from each of the sample vials. Deionized water is used as the eluent at a flow rate of 0.010
mL/min. This test is only performed on autosamplers with the sample prep option installed. This test
is not supported with capillary ED.

3.11.2 Performing the Test and Evaluating the Results

Sample prep precision evaluation is the next test in the sequence queue and the sequence is called
XQ_CIC_Detector_Samp_Prep.

Required configuration for running a successful sample preparation experiment:
- AS configured with a 10.0 mL tray (P/N 026374). Note: Sample Prep only supports 10 mL vials.
- System set up with a conductivity detector.

Precision is determined by calculating the relative standard deviation (RSD) of the peak areas from
the three vials.

3.12 Column/Compartment TC Temperature Qualification

3.12.1 Theory

The temperature of a column/compartment TC is qualified by measuring the temperature of the
column/compartment TC with a calibrated thermometer after allowing the column/compartment and
thermometer to equilibrate for a minimum of 15 minutes. The temperature is recorded from the
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thermometer display, giving the temperature of the column/compartment TC. The temperature
displayed by the front panel and the software is the calculated liquid temperature.

3.12.2 Performing the Test and Evaluating the Results

During the sequence queue the column heater is set to 30 °C and the DC compartment temperature
is set to 15 °C. The Column Heater Temperature Qualification is performed after the completion of the
sequence queue. The recorded temperature is manually entered into the temperature sheet of the
report.

3.13 IC Cube Temperature Qualification
3.13.1 Theory

The temperature of the IC Cube is qualified by measuring the temperature of the column cartridge of
the IC Cube after allowing the IC Cube to equilibrate for a minimum of 20 minutes. The temperature is
recorded from the thermometer display, giving the temperature of the IC Cube temperature. The
temperature displayed by the front panel and the software is the measured liquid temperature.

3.13.2 Performing the Test and Evaluating the Results

The IC Cube temperature is set to 30 °C during the warm up sequence. The Column thermostat
Temperature Qualification is performed after the completion of the sequence queue. The recorded
temperature is manually entered into the temperature sheet of the report.

3.14 Sample pH Conductivity verification (AS-AP only)

3.14.1 Theory

The sample pH Conductivity qualification is evaluated by checking the pH calibration and pH
accuracy. The sample temperature calibration is measuring the pH at 4, 7 and 10. The reading is
stable if the reading and the three data points are within 0.2 pH unit of each other. The pH
measurement of the accessory must be calibrated before you begin using the accessory and then
periodically thereafter. During pH calibration, the pH of a pH 7 buffer solution is measured first and
the offset is determined. Then, the pH of either a pH 4 or a pH 10 buffer solution is measured and
a slope between pH 7 and pH 4 (or pH 10) is determined. Optionally, the pH of a third buffer
solution (pH 4 or pH 10) can be measured and a slope between pH 7 and the third buffer
determined. The conductivity calibration procedure consists of determining the conductivity zero
point of the accessory and then measuring the conductivity of a 1000 uS standard. Chromeleon
determines the calibration offset and slope and calculates a new cell constant.
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4 Qualification Preparation

Materials required for system qualification depend on the system configuration. Table 6 describes the
base kit for several instrument configurations Table 7 lists the kits available to be used with the ICS-
5000/ICS-5000" Capillary configurations. Table 8 describes the additional materials required for the
OQ/PQ tests.

Changes or additions to a system configuration may require additional materials.

4.1 Required Kits for qualification of Capillary ICS-5000/ICS-5000"
units

Before starting the qualification procedure, confirm that all the materials needed are present. If
any items from these tables are not present, do not continue with the qualification process
until these items are available.

Table 6. Materials/Parts Description for OQ/PQ

Part Description Part Number Quantity
OQ/PQ User’'s Manual Part F Version 7.10 (this document) 065448 Part F 1
Tubing, 0.010” (0.25 mm) ID x 60" (150 cm) length black
PEEK
042690 60" (152 cm)

e Connect pump to injection valve, backpressure tubing
to detector, etc.

Red PEEK Tubing 0.005” (0.125 mm) ID x 39” (99 cm) length

e Generate system backpressure and delay volume for 044211 39" (99 cm)
detector and injector tests

Yellow PEEK Tubing (0.003”, 0.075 mm ID)

e Generate system backpressure and delay volume for 049715 39" (99 cm)
detector and injector tests in Analytical Systems only
TUBING,.001X.062 X 42INCH,PK,NAT 074572 1
VLV POD ASSY,6 PORT,RHEO,PK 061947 1
25 pL Sample Loo
H P P L 042857 1
e AS-DV/Manual injection
100 pL Sample Loo
HE Sample -0op 042951 1
e AS
e 3-Way mixing tees
024314 2

e Connect eluent lines and eluent bottles
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High-Pressure, fittings bolt, 10-32 074449 6
High-Pressure, ferrules double cone 10-32 074373 6
Quialification Labels 050837 6
Certificate of Functional Performance 031423 6
NIST Traceable Caffeine Standards Kit

e Absorbance detectors 000253 !
NIST Traceable Nitrate Standards Kit
e Conductivity detectors 060254 1

TUBE,PCUT,.0025X.062X8.9,PK,BLUE 074484 2
ASSY KIT,VIAL,AS,10ML,CAPS,SEPTUM, X2 074731 1
PROD,DE,Au,AAA,PK 3,1GSKT,TSTD 060082 1
GSKT,REF ELEC,AG/AGCL,CAP 072162 1
Test Binder 035863 1
Restrictor Microbore, Gradient Test 049630 1

Table 7. Required kits for specified ICS-5000/ICS-5000" capillary systems

Part Description Part Number
ICS-5000/ICS-5000"0Q/PQ Kit Capillary CD (and/or Optical Detectors) 074735
ICS-5000/1CS-5000"0Q/PQ Kit, Hybrid CD (Analytical and Capillary CD) 074802
ICS-5000/ICS-5000" OQ/PQ Kit (Capillary ED) 074736
ICS-5000/1CS-5000" OQ/PQ Kit for Hybrid ED (Analytical and Capillary ED) 074803
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4.2  Additional Required Materials

Table 8. Additional Materials Needed for Qualifications

Description Quantity

ASTM Type | (or better) deionized water (18.0 Megohm-cm, filtered) oL

e All eluent, standard, and sample preparation
EGC KOH (Capillary) for electrochemical detection in Capillary systems (P/N 072076) 1
Ammeter or digital multimeter (DVM) with milliamp (300 mA scale) setting for OQ/PQ
tests using an EG. Must be capable of displaying 0.00 to at least 220 mA. A Fluke
189 or 289 or equivalent DVM will allow for automated EG Current testing. 1

e Eluent Generator current test
Column Thermostat PQ Kit (P/N 5705.0050A) 1
Type K temperature sensor for P600 thermometers ( P/N 6820.0010) 1

Thermo Fisher Scientific capillary conductivity cell (detector)

e Detector, injector and gradient pump tests using conductivity detectors in 1
conductivity mode

AS autosampler vials- 10 mL vials are required for AS Sample Preparation

Qualification and for capillary IC Flow Accuracy Test (P/N 074731) 2
AS-DV autosampler vials (P/N 038141) if qualifying as AS-DV autosampler 20
Blue PEEK Tubin.g (0.0025 in, 0.0063 mm ID 8.9" 22 cm length P/N 074484) 2
Required for Capillary IC Flow Accuracy Test

100 mL volumetric flasks (Class A, 100 £0.08 mL) 5

e Standard preparation for AS-DV and Manual Injection
1000 mL volumetric flasks (Class A, 1000 £0.3 mL)

e Eluent preparation Atleast 1
Transfer Pipettes or Pipettor 0.5-10.0 mL
Calibrated Analytical Balance - capable of mass recording to the nearest milligram or
better

e Weigh KCI for eluent preparation 1

e Weigh eluent for the Flow Rate Accuracy and Precision test
Calibration and Check Standard pH 4 (P/N 033238) 1
Calibration and Check Standard pH10 (P/N 033240) 1
1000 uS Standard (P/N 080172) 1
Computer workstation running Chromeleon™ Version 7.10 (with SR1) or later (later 1

versions required for some configurations, see Chapter 1.6)

Deionized water should be vacuum filtered through a 0.2 or 0.45 pm porous nylon filter or other
water compatible membrane exhibiting very low extractables.
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Please note that if the AS or AS-AP transfer line is not long enough to reach the second IC Cube,
a six to eight inch length of black PEEK tubing can be added to the transfer line. It is necessary

to then recalibrate the volume of the transfer line.

All volumetric ware, pipettes and standard eluent storage bottles should be made of low
extractable polymeric materials such as polypropylene or polystyrene.
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4.2 Preparation of Standards

Two standards are provided in the OQ/PQ kit. Use the Nitrate kit, P/N 060254 to qualify systems with
a conductivity detector.

To qualify an ICS-5000/ICS-5000" capillary system with an ED detector in Integrated Amperometry
mode use the Threonine standards (P/N 063542) for ED qualification (Thermo Fisher Scientific P/N
074737). ED detectors qualification does not support AS-DV autosamplers.

4.2.1 Nitrate standard preparation for the Injector Precision test (AS-DV
and manual injections only)

For the Injector Precision test prepare a 50 ppm nitrate standard using the 1000 ppm nitrate standard
vials included in the Nitrate Standards Kit.

Directions: Pipette 5.0 mL of the 1000 ppm nitrate standard into a 100 mL volumetric flask. Fill the
flask to the mark with ASTM Type | (or better) deionized water (18.0 Megohm-cm, filtered).

For the Carryover test use the included 1000 ppm nitrate standard found in the nitrate standards kit
without dilution.

4.3 Preparation of Eluents

Only ASTM Type | (or better) deionized water (18.0 Megohm-cm, filtered) is used as eluent and
should be freshly prepared.

4.3.1 Preparation of Eluent for use with Integrated Amperometry
Detection in Capillary systems

EGC KOH (Capillary) (P/N 072076) and CR-ATC (P/N 072078) are used to qualify the ED Capillary
system.

For Flow Test (initial Flow test) and all other Tests.

Eluent Description

A Deionized water

Remember to ...
e Degas the deionized water.
e  Set EGC KOH (Capillary) concentration at 15 mM and turn the CR-ATC on.

e Use the disposable AAA Gold working electrode (P/N 060082).
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4.4 Preparing the IC System

1.

Open the Chromeleon Instrument Configuration application. Only one pump, one injection valve
and one detector can be qualified concurrently, so if more than one pump, one injection valve or
one detector are installed, the second pump (Pump_2), the second detector (CDet_2, EDet_2)
will be ignored if both detectors are the same. The detector names can be configured in the
Instrument Configuration.

Make note of any changes made to the system for the purposes of this qualification. After
qualification these changes should be reversed. It is helpful to save a backup file of the
configuration before you make any changes for qualification.

AuTOSAMPLER: Double click on the Autosampler to be qualified (if installed) to view the properties
page for the autosampler. Select the General tab and confirm the Device Name is “Sampler”.
Select the Options tab and confirm that the options match the configuration of your system. The
AS-AP injection mode must be selected at this point. Only one mode is qualified. Select the
Devices tab and confirm the Autosampler diverter valve status matches your system. Exit the
properties page. For the AS-AP autosampler in pull mode, the Flush Volume and Flush Volume2
must be set with F8 commands or from the More Options page of the AS-AP panel before
beginning qualification. Flush Volume = 2 x (Needle Volume * Needle Line Tubing Volume) L
where Needle Volume = 30 pL and Needle Line Tubing Volume (the volume of tubing between
the needle and the injection port) = 0.86 pL/cm (2.2 pL/in) of 0.33-mm (0.013-in) ID PEEK tubing
(blue). Set the Flush Volume2 parameter to 30 pL.

NOTE: Make sure inject mode in the panel is consistent with the inject mode in the Instrument
Configuration before loading the OQPQ templates. In addition, the temperature control must be
checked in the Instrument Configuration and the panel in order to run the sample temperature
accuracy test in the sequence.

NOTE: It is recommended to degas the AS-AP wash when qualifying with a capillary system. The
user can refer the degas procedure to the AS-AP user manual.

ICS-5000 DC: Double click on the DC to be qualified to view the general properties. Select the
Thermal Controls tab and confirm the heating configuration of the Timebase. Confirm that the
device name for the Column TC is “Column_TC” and the device name for the Compartment TC
is “Compartment_TC” if installed on the Timebase.

DETECTOR: Double click on the detector to be qualified to view the properties page for that
detector (for CD and ED this will be in the DC under the Detector tab). Open the properties of
the DC and click on the Detectors tab. Highlight the detector name and click on Configuration
button. Confirm that the Device Name is “CDet1” for CD detectors or “EDet1” for ED detectors.
If both detectors are in the same Timebase, uncheck the detector(s) that is not being qualified
(only one detector can be qualified at a time). Click on the Signals tab. Confirm the signal name
is “CD_1" for CD detectors or “ED_1" for ED detectors. Confirm that the signal factor for
conductivity detectors is 1.000. For integrated amperometry detectors confirm the signal factor is
0.001. If it is not, change the factor to the correct value for the qualification. Confirm the signal
unit is uS for conductivity or nC integrated amperometry respectively. If it is not, change the unit
to the correct value for the qualification. Exit the properties page.

If applicable, ensure that the detector Output is in ‘Offset’ mode in the Analog Out Set-Up
screen.

Make note of any changes (to be documented in the qualification report) and save the
configuration.

All modules must have their serial number set in the moduleware. Qualification of modules
without serial numbers is not supported.
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10.

11.

12.

13.

14.

15.

Plumb the Eluents A to the pump and if additional eluent lines are present, then prime each
eluent line individually for approximately 10 minutes each.

Use the 115 mm blue peek tubing (P/N 072189) from the IC Cube Tubing kit (P/N 072186) to
connect from the 4-port valve to the detector.

Use the backpressure coil (P/N 074572) to connect the pump outlet directly to port 2 on the IC
Cube injection valve. Connect the pump line to injection valve port 2 (P). Bypass the column,
suppressor, CR-TC, and CRD from the system; if an Eluent Generator Cartridge is in-line with
the IC system, bypass all plumbing to the EGC and connect the pump directly to the 4-port valve.

PUMP IN

(PULSE DAMPER)

Figure 5. Plumbing diagram, initial equilibration step in a capillary system

ICS-5000/ICS-5000" DC CoLUMN TC: Insert the thermometer probe horizontally into the 2
tubing slot from the bottom of the TC so that the LCD display sits out the side of the column TC.
The LCD display of the thermometer should be visible and display the current Column TC
temperature.

ICS-5000/ICS-5000" IC Cube CoLumMN TC: Insert the thermometer probe horizontally into the
tubing slot of the IC Cube column cartridge so that the LCD display sits out the side of the IC
Cube. The LCD display of the thermometer should be visible and display the current IC Cube
Column TC temperature.

ICS-5000/ICS-5000" DC COMPARTMENT TC: Insert the thermometer probe horizontally into top
tubing slot on the DC so that the LCD display of the calibrated thermometer sits out the side of
the compartment. The LCD display of the thermometer should be visible and display the current
Compartment TC temperature.

Thoroughly rinse the autosampler and/or manual injector fluidics with water. This can be
accomplished on the AS and AS-AP Autosampler by flushing the sample syringe six times the
sample syringe volume and on the AS-DV by running two or three 5.0 mL rinse vials.
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16. AS: For ICS-5000/ICS-5000" Capillary systems using an AS or autosampler, a 4-port injection
valve in the DC with an internal loop of 0.4 pL is used. From the front panel of the AS, press to
the Main Menu button, select Module Set-Up and then Plumbing Configuration. Ensure that
the sample loop size is adjusted to 25 pL in the AS front control panel.

PLUNELR il GLURATION
LOOF = -5 wl
SAMPLE SYRINGE VOLUME: 250 ‘ul
SAMPLE SYRINGE CONFIG: READY

PREP SYRINGE VOLUME: 5 mL

PREP SYRINGE CONFIG: READY
Help Prompt

Figure 6. AS Autosampler LCD Control Panel Display.
Ensure that the ‘LOOP SIZE V1’ volume is changed to 25 uL

AS-AP Autosampler E|
Genesal | Sharing | Segments / Pump Link  Options |Helays| Inputs | Emor Levels |

I npection M ode:

[T | Bufer Siz: [1200 Rl
Autozampler Vahve(s] Sypnnge Size: |25[I - | [ul)
TopValve:  |Diverter *| | LoopSice: ||1-i {0.358...4000 i)
€ Bpot 10por Loop Size 2: |10 (03684000 )
Bottorn Valve: |None ud I

=
= Lk
Lowwer Limit: |4 [4.0..60.000° C)
o .

% Automaticaly Wash after Abot | PP LMK [REELNLE!

ok, | Cancel | | Help

Figure 7. AS-AP Instrument Configuration

17. AS-AP: For ICS-5000/ICS-5000" Capillary systems using an AS-AP autosampler, a 4-port
injection valve in the DC with an internal loop of 0.4 pL is used. From the Instrument
Configuration of the AS-AP, select the options tab and change the loop size to 0.4 pL. Ensure
that the sample loop size is adjusted to 0.4 uL in the AS-AP Instrument Configuration. .
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18. For ICS-5000/ICS-5000" Analytical systems using an AS-AP or AS Autosampler, install the 100
uL sample loop on the injection valve. Loop volume must be set in Instrument Configuration for
the AS-AP.

19. AS-DV or Manual Injector: For systems using an AS-DV Autosampler or manual injector connect
the transfer line to the 4-port injection valve of the IC Cube.

Note: All programs using the AS-DV are designed to run with the 5.0 mL vials.
1 Nitrate standards kit (P/N 060254) is needed to complete the OQ or PQ.

20. Select 0.010 mL/min and turn the pump flow on and let the system equilibrate for a minimum of
15 minutes.

NEW TUBING: When running a qualification on a system with new tubing, such as a new backpressure
coil, new sample loop or a complete new system, it is recommended to rinse the tubing with
carbonate eluent before proceeding with the qualification. This can be achieved by doing two or three
injections with 0.5 M Sodium Carbonate solution while running deionized water at 0.010 mL/min, or by
running 9 mM Sodium Carbonate as the eluent for 10 minutes before rinsing with deionized water for
20 minutes. The latter is recommended for new systems being qualified for the first time.

To prepare 0.5 M sodium carbonate dissolve 0.53 g of sodium carbonate in water to make a total
volume of 10 mL of solution. To prepare 9 mM sodium carbonate dissolve 0.955 g of sodium
carbonate in water to make 1 L of solution.

When running a qualification on a system configured with electrochemical detection, it is
recommended to rinse the system with 1.0 M hydroxide before proceeding with the qualification. To
prepare 1.0 M hydroxide, prepare from a 50/50 w/w sodium hydroxide solution (never from hydroxide
pellets), by pipetting 52 mL of sodium hydroxide in water to make 1 L of solution.

21. CONDUCTIVITY DETECTOR: Pipette the standards from the standards kit vials directly into
autosampler vials and place them in the position / order according to Table 9 or 10 below. For
the Injector Precision and Carryover standards (AS-DV Autosampler only) transfer the Injector
Precision standards prepared in Section 4.2 into 10 autosampler vials and the
Carryover standard into one autosampler vial. To qualify an IC system without an autosampler,
use the AS-DV table for the injection order and inject the samples from the standards kit
ampoules manually.

22. 1CS-5000 INTEGRATED AMPEROMETRY: Cut the label off the 2 mL standards vials (included in the
ICS-5000/1CS-5000" ED qualification kit) and place the vial directly into autosampler in the
position order according to the table below. Note that even though the main portion of the label
has been cut off, the vial is still properly labeled. For the AS-AP autosampler, this will require the
1.5 mL As-AP autosampler tray (P/N 074936) For the AS autosampler this will require the 2 mL
AS autosampler tray (P/N 062481).

23. 1CS-5000 ELUENT GENERATOR: Double click on the eluent generator to be qualified to view the
properties page for the eluent generator. Select the General page and confirm the Device Name
is “EluentGenerator”. On the “cartridge” tab confirm that the eluent generator is linked to the
pump to be qualified. Confirm that there is a serial number for a KOH or a MSA cartridge. If a
serial number is not available for the KOH or MSA cartridge, contact Thermo Fisher Scientific
Technical Support. Connect the EG test box with the ammeter to the EGC_1 or EGC-2
connector. The user must rename EGC-2 to EGC-1 in the Instrument Configuration if the
Quialification test box is connected to EGC-2.
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Fluke 189/289 DVM (DC mA) .
®

=]

@)
2 @)
\ ICS-5000 EG

|
capiLary1SA NALYTICAL CAPILLARY EXT INT anALyTIcALl |
|
]

Rs\® Y
SERIAL NUMBER
l IC QUALIFICATION TEST BOX :I'

Figure 8. ICS-5000/ICS-5000" EG Current Test Setup

24. For systems using an ICS-5000/ICS-5000" EG:

a. Disconnect the Eluent Generator Cartridge cable from the Eluent Generator EGC module
at the connector.

b. If installed, disconnect the CR-TC cable from the CR-TC connector.

c. Turn on the ammeter or multimeter and set the display to DC mA. This test requires mA
readings from 0.00 to at least 220 mA.

d. Connect the positive lead of the ammeter to the red post connector labeled “Amps” on the
IC Qualification Test Box

e. Connect the negative lead of the ammeter to the black post connector labeled “COMMON”"
on the IC Qualification Test Box (P/N 072005).
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Fluke 189/289DVM (DC mA) o<

——

ICS-5000 EG I

@/

CAPILLARY EXT INT anALvTICAL| |

.NXT v

SERIAL NUMBER

=1 Ic QUALIFICATION TEST BOX L 1 '

BIONEY

Figure 9. ICS-5000/ICS-5000" EG Current Test Setup

f. From the Console in the Chromeleon 6.8 software, go to the Navigation Pane and select
the pump_EG_detector panel appropriate for the system being qualified. Go to Control
and select the Instrument configured with the Eluent Generator to be qualified (click on the
Default ePanel).

g. From the Eluent Generator section of the panel, select the cartridge type to be used. The
panel will show previously configured cartridges even though the IC Qualification Test Box
is plugged into the cartridge connector.

25. FLUKE 189/289 MULTIMETER:

a. Install the Fluke 189/289 multimeter or equivalent into the Instrument to be qualified.

b. The Chromeleon device driver for the Fluke 189/289 multimeter is included with Chromeleon
7.1 (Fluke 189, 289).

c. Connect the Fluke 189/289 multimeter or equivalent to the IC Qualification Test Box
(P/N 072005) as described in the important notes of this section.

d. The Fluke 189/289 multimeter is only used for systems that will enable automated
downloading of EG current qualification results into the validation reports.

e. To correctly configure the Fluke 189/289 device driver:

i. Connectthe Fluke USB/IR (Rev Il or greater) cable to the computer USB port;
Windows will automatically detect and install the USB driver.

ii. Verify through the Windows Hardware Device Manager for the actual COM port
assignment.
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Iratalled hardware:

B81394 Net Adapter A
8 02Micro 0Z71EZ1 MemonCardBus Controler
Y ECP Puiter Port LPT1)
Camrunications Part (COM1)
8 (P Core(TMJ2 Duo CRU - T7500 @ 2.206Hz
ﬂ InteR] Care[TMJ2 Do CPU- T7500 @ 2 206Hz ¥

Figure 10. COM Port Assignment

Configure the Fluke 189 or 289 Chromeleon Device Driver in the Timebase, save the
Instrument Configuration file and exit then shut down the Chromeleon Server.

Restart the Chromeleon Server and open the Fluke 189/289 CM device driver.

Select the COM port from the COM drop down selection to match the COM number
assigned in the Windows Hardware Device Manager above then save and exit from
the Chromeleon Server.

f.  Itis recommended that the Power off time out (PrOff) for the Fluke189/289 be set to a value
greater than the time it will take to perform the Operational Qualification.

g. Ensure that the meter is set to record in ‘DC mA’ (instead of ‘AC mA’ the Fluke 289 defaults
to AC mA).

h. See Fluke 189/289 operator's manual for instructions on these settings.

IMPORTANT NOTES:

a.

It is important that the Fluke 189/289 multimeter is installed AND connected before
loading the OQ/PQ templates.

Follow the instructions in the Chromeleon 6.8" help topics for the installation of the
Fluke 189/289 multimeter Windows USB driver and for the Chromeleon device driver
for the Fluke 189/289 multimeter.

Follow the Fluke 189/289 multimeter instructions for adjusting the default ‘PrOFF’
setting in the meter. Itis recommended to adjust this parameter to a longer time
(e.g., several hours or more) to avoid having the meter auto power off during the
qualification. In the event that the meter is powered off during the qualification testing
the batch sequences will be aborted.
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Table 9. AS Autosampler Sample Vial Order

CS50001CS $000" | 15712y
Conductivity Detector with AS Amperometry Pf%sri;i%n
Detector with AS

Water Water 1
5 ppm Nitrate Std 2
10 ppm Nitrate Std 3
25 ppm Nitrate Std 4
50 ppm Nitrate Std 5
100 ppm Nitrate Std 6
1000 ppm Nitrate Std 7
Empty Vial* 8
Empty Vial* 9
Empty Vial* 10
1 uM Threonine Std 21
2 UM Threonine Std 22
4 pM Threonine Std 23
8 UM Threonine Std 24
10 uM Threonine Std 25
10 uM Threonine Std 26

* Vials only need to be present if the detector listed at the top of the table is to be qualified.
* Users need to reconnect the detectors when using the absorbance detectors.

* Don't forget to add the water vial in position 1 for the ED qualification test.
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Table 10. AS-DV Autosampler or Manual Injection Sample Order (Conductivity Only)

Qualification Conductivity Detector | Sample Order
with AS-DV on AS-DV

Warm Up Water Vial 1

50 ppm Nitrate Std* Vial 2

50 ppm Nitrate Std* Vial 2

50 ppm Nitrate Std* Vial 2

50 ppm Nitrate Std* Vial 3

) o 50 ppm Nitrate Std* Vial 3

Injector Precision

50 ppm Nitrate Std* Vial 3

50 ppm Nitrate Std* Vial 4

50 ppm Nitrate Std* Vial 4

50 ppm Nitrate Std* Vial 4

50 ppm Nitrate Std* Vial 5

1000 ppm Nitrate Std Vial 12

Carryover Water Vial 13

Water Vial 14

5 ppm Nitrate Std Vial 15

10 ppm Nitrate Std Vial 16

D_etect_or 25 ppm Nitrate Std Vial 17
Linearity

50 ppm Nitrate Std Vial 18

100 ppm Nitrate Std Vial 19

*  AS-DV users: Do not use the standard from the standards kit for the Injector Precision and; instead,

use the standards prepared in Section 4.3 of this manual.

*  AS-DV users: ICS-5000/ICS-5000" Integrated Amperometry is not supported.
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Table 11. AS-AP Autosampler Sample Order

Conductivity Detector | Absorbance Detector Electrochemical Vial Tray
with AS-AP Push/Pull | with AS-AP Push/Pull Detector with AS- Position
Mode Mode AP Push Mode
Water Water BA1l
5 ppm Nitrate Std 15 ppm Caffeine Std BA2
10 ppm Nitrate Std 40 ppm Caffeine Std BA3
25 ppm Nitrate Std 60 ppm Caffeine Std BA4
50 ppm Nitrate Std 80 ppm Caffeine Std BA5
100 ppm Nitrate Std 100 ppm Caffeine Std BB1
1000 ppm Nitrate Std 1000 ppm Caffeine Std BB2
Water RAL
1 uM Threonine Std RA2
2 UM Threonine Std RA3
4 uM Threonine Std RA4
8 UM Threonine Std RA5
10 uM Threonine Std RA6
10 uM Threonine Std RA7

Note: AS-AP pull mode requires the use of 10 mL vials. Qualification with ED detection is not
supported with AS-AP pull mode.

Note: To run sequences with 1.5 mL vials, it is important to set the puncture offset to 3 mm in
the commands before you start. The puncture offset commands allows the AS-AP to realign the
x-axis of the 1.5m/10 mL vial setting.

4.5 OQ/PQ Sequence Installation

For performing OQ and PQ checks in Chromeleon 7.1, it is not required to create and copy the
sequence templates from a Chromeleon CD. An Instrument Qualification Wizard automatically
performs these steps. The wizard creates the sequences to be run. No instrument-specific sequence
templates are created.

If using an AS autosampler configured for seqguential injections, manually put the diverter
valve in the correct position for the Instrument.

Tip: Please note that Chromeleon 7 terminology is different from the terminology used in
Chromeleon 6.80. For details, refer to the 'Glossary - Chromeleon 7," which is available in the
Documents folder of your Chromeleon 7 installation.

Go to Tools — Instrument Qualification to open Instrument Qualification Wizard. For this step,
Chromeleon 7.1 must display the instrument pane with the system to be tested selected (Figure 9)
otherwise the error “Instrument not connected” will occur.
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B 1C5-2100_vWD-+AS

&) 1cs-3000_RFIC

&) 1c5-5000_CD+AS-DV

&) 1c5-5000_PDA+AS-DV

&) 1CS-5000_VWD+AS-DV

&) 1cS-5000CIC_ED+AS

=) TESTING |

Figure 11. Instrument Pane for Chromeleon 7.1

mgreate = File Edit View | Tools | Help @

Station Qualification...

| Instrument Qualiiication... |

Custom '»-"arial::leﬁclitu:r...
EreferF[ Configure and run tests to qualify an instrument

Discovery Manager...

Figure 12. Starting the Instrument Qualification Wizard for Chromeleon 7.1

Select the qualification type: Installation (qualification of the installation), Operational (qualification in
the working environment), or Performance Qualification (qualification during routine operation)
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Instrument Gualification Wizard "Q,l x

Choosze Qualification Type

Select the type of ingtrurment qualification o rn,

— Qualification Type

O Hnstaliahon Hoalfication.

Checks the general functionality of wour instrument.

' Operational Qualification

Checks the analytical operation of your instrument.

" Performance Qualification

Checksz the analytical performance of your inztument,

MHext > Cancel

Figure 13. Selecting the qualification type for Chromelon 7.10

Select the instrument to qualify.
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Instrument Qualification Wizard '@) X

Choosze an Instrument

Select the instrument where the qualification will run,

— Inztrument Selection

|nstruments:

. v |

SHANDERSONLT i’

ASEIS0

IC5-2100
ICS-3000
=] 55000

IC5-5000_2

<¢ Back Mext »> Cancel

Figure 14. Selecting the instrument

Click to connect the selected instrument to Chromeleon.

A list of sequences (tests) is displayed. The list is adapted to the instrument configuration of the
selected instrument as defined in the Chromeleon Instrument Configuration Manager.
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Instrurment Clualification Yizard

Choosze Tests

Select the qualification testz o rn.

MODULAR SYSTEM -
MODULAR SYSTEM -
-wfarm Up v Conductivity Detector
MODULAR SYSTEM -
MODULAR SYSTEM -
MODULAR SYSTEM -
MODULAR SYSTEM -

MODULAR SYSTEM -

MODULAR SYSTEM

Flaw rate accuracy and precizian w' Caonduchivity Detectar
Current Qualification of Eluent Generator

Moize and Dift wy Conductivity Detector
Injectar Precision w! Conduchvity D etectar
Injector Carppover wy' Conductivity D etectar
Linearity of Conductivity Detector
Shutdawrn v Conductivity Detector

<< Back ” Mest = H Cancel

Figure 15. List of sequences for the selected instrument

Select the sequences that needed for the tests to be performed. Mandatory tests, such as "Warm up"”,
are shown in the list, but the selection cannot be changed.

On the last wizard page, select a unique name under which the OQ and/or PQ sequence directory for

this instrument is saved.
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Instrument Cuslificstion Wizard @ x

Define a Storage Location

Specify where to store the results.

— Destination

chrom: //shandersonlt/ChromeleanLocal/Instrument DatasACS -5000/Qualification

Browsze... |

<¢ Back | Finizh I Cancel

Figure 16. Selecting the storage location
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4.6 OQ/PQ Sequence Execution

When the qualification wizard has been completed, the selected sequences are created and are
automatically added to the instrument queue. A progress window shows which steps have been
performed:

! Instrument Qualification: Frepare Sequences e X

[ Creating falder chrom:/ftwult/ChromeleanLocalAinstrument D ata/02_|C5-5000_Dual_1/Qualification/00 19.Jul 2011(3]
m Restoring termplate <0_CIC_CD_Flow_Rate o

m Restoring termplate *0_CIC_EG_Currsnt o

m Restoring template <0_CIC_Warm _Up

m Restoring termplate *0_CIC_CD_Moaise_Drift

m Restoring template <0_CIC_CD_Inj_Precisian

m Restoring termplate 20_CIC_CD_Ini_Caryaver 4

m Restoring template 20_CIC_CD_Linearity

m Restoring template 20_CIC_End

:_:I Azzigning instrument to all sequences and instrument methods

Figure 17. Progress during sequence creation

The Instrument View dialog box will open, displaying the Queue tab. As soon as the queue is
started, Chromeleon runs the sequences. The wizard should copy the sequences to the
destination selected then auto-populate the instrument queue. If the error “Instrument not
connected” appears, make certain that the Chromeleon 7.1 must be displaying the instrument
pane with the system to be tested.

The OQ/PQ qualification tests are performed in the following order:

a. Flow Rate Test
b. Eluent Generator Current Test (only if an EG is present)
c. Warm Up

d. Wavelength Accuracy
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e. Detector Noise and Drift Test

f.  Injector Precision Test

g. Carryover Test

h. Detector Linearity Test

i. Injector Linearity Test (only if an AS or AS-AP is present)

j-  Sample Preparation Precision Test (only if an AS is present with the Sample Prep Option
and the 10 mL Tray Type installed with the conductivity or the absorbance detector)

k. Gradient Accuracy Test (only if an analytical gradient pump is present)
. Column TC and/or Compartment TC

m. Sample Temperature Accuracy of Autosamplers (only for AS-AP Autosamplers)

Note: Test ‘a’ and ‘I’ is done manually and does not require a sequence template. The Instrument
Method will pause before the Eluent Generator Current Qualification Test and the Flow-Rate
Accuracy and Precision Test as these tests require user intervention.
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ICS-5000 on SHANDERSOMLT - =X

i:_} Launch eWworkflow « Smart Skartup + A% Smart Shutdown = Take Control L_J Monitar Baseling _:_‘,5 Command | [ <Autogenerateds -

ICS5000 Home | Pump | DC | €0 | EG | 45 | Audt | Statup’ Queue |

Current Completed
Startup Hame Status Add...
» AChromeleonl ocal/lnstrument D ata ] C5-5000Cualification /00 21 Oct 2010400 COFLOW BATE Pending =
/ChiomeleonL ocal/instrument Date/ICS 5000/0 ualfieation/08 21 Oct 2010/00 EG CURRENT Ferding e
/Chromeleonl ocalflnstiument D ata/C5 5000/ Qualification/0Q 21 Oct 2010/00 wARM UP Pending MoveLp
AChromeleonl ocal/nstument D ata ] C5-5000Qualification/00 21 Oct 2000400 CO NOISE DAIFT Fending
fChromeleonl ocal/Instument D ata/CS-5000/Qualification/00 21 Oct 2000/00 CO kS PRECISION Pending Move Down
fChromeleonl ocal/Instument D atadCS-8000/Qualfication/0d 21 Oct 2000/00 CD 1MW) CARRY OVER Pending
fChromeleonl ocal/Instument D ata/AC5-5000/Fualification/06 21 Oct 2010/00 CD LINEARITY Pending
AChromeleonl ocal/lnstument D ata ] C5-5000Qualification /00 21 Oct 2000400 CD M) LIMEARITY Fending Start ~
AChromeleonl ocal/Instument D st/ CS-5000/Qualification/00 21 Oct 2010/00 GP GRAD ACCURACY | Pending
fChromeleonl ocalflnstument D sta/1CS -5000/Hualification/00 21 Oct 2010/00 STOP Pending Bilos
1 | »
After runhing the queue keep instrument ready - r Keep last zequence queued
Report Setup
™ Print Report Fieport template undefined. Frint Setup— |
™ Export Report Report template undefined. Export Setup | *
Generate ieport at: End aof an injgction -

Emergency Instrument Method

‘when an “Abort” Erar ocours, min this Instrument Method

Feady check result: Successful.

Figure 18. Sequence queue for Chromeleon 7.1

4.7 Evaluating the Test Sequences

The qualification sequences are saved under the path that was selected in the wizard. Each
sequence also includes a separate report template.

To edit the report, open the report and remove the protection (if any) from the SPECIFICATION
sheet. Enter the following information:

Name of the customer and name of the tester
Sample information such as batch number, expiration date, and actual concentration of the standard.
Name of the item that is used to generate the backpressure [default: capillary (L: 15 m; ID: 0.18 mm)]

Do not change any of the other report sheets. The report contains many references between data
sheets. If you insert or delete lines and columns, these references will be lost and the calculations will
be wrong.

To make sure that Chromeleon reads and processes the data in the report correctly, always print the
report from the Chromeleon Console.

In the Data category, right-click the sequence for which you want to print the report, and then click
"Print Report".
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m Create = File Edit View Tools Help
Data «
EID Imstrument Data e
B2 ¢_UtiMate3000
B Audit Trails
B-E2 qualfication T
=-E2 0a 30 Jun 2009
B0
-3l 00_DAD_WAVELE Cut
B 0Q_INJECTOR_FLQ Copy
Bl OQ_SAMPLER_LIN Paste
-8l 0G_STD_GRAD -
M oa_sToP Rename
B 0O_UV_LINEARITY Delete...
Bl 0G_UV_NOISE_DR =
B oQ_WARM_UP Print Report...
=-E2 0a 30 Jun 2009(2) Export... b
H-E2 0Q 20 Jun 20
&-E5 00 30 Jun 20 Lock
=-E2 03 30 Jun 20 Send To...
=83 0a 30 Jun 2009(6) Show Data Audit Trail...
-3 oq_coLumn_ovE _
il OQ_DAD_WAVELE Properties...

Figure 19. Selecting Print

Note: For ICS-5000/ICS-5000" Integrated Amperometry System: Before executing the
sequences, first turn on the pump flow and the cell current. Click on the “Default Panel Tabset”.
From the pump tab, start the pump flowing 50 mM NaOH at 0.25 mL/min. Click on the EC detector
tab, Select Cell mode of “IntAmp”, then click on the Waveform button, use the drop down menu to
choose the waveform Amino Acids (pH/Ag/AgCl Reference), then click on the Exit button. Turn the
cell voltage to On.

Note: If an Eluent Generator is configured on the system, the following message may occur at
the Ready Check: “Flow rate not specified at time 0.0, using a flow setting 1.00.” This refers to
the Eluent Generator flow rate, not the pump flow rate. It is not necessary to take any action
since the Eluent Generator is not used for this part of the qualification. Proceed with starting
the batch.

Note: For systems with a shared autosampler there might be a number of informational
messages indicating that “Exclusive Access” has not be acquired or released. This is normal
and occurs because the qualification does not release the autosampler until the qualification
is complete.

Repeating Individual Tests

It may be necessary to repeat individual tests. If so, review Section 6 where problems are described
according to which individual tests might fail. According to Good Laboratory Practice (GLP), all tests
following the one that failed must be repeated. The entire OQ/PQ qualification is designed such that
almost of the performance tests require that the previous one to have passed successfully.

For example, if the test regarding the linearity of a CD detector fails, the results regarding the linearity
of the injector are questionable as the linearity of the detector is a prerequisite for testing the injector
linearity.
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Table 12. Sequence File Names and description

Sequence Name Check

Pump flow-rate accuracy and precision tests for ICS-3000

XQ_Flow_Rate or ICS-5000/ICS-5000" pumps
XQ _EG_Current Current qualification of an EG Eluent Generator
Current qualification of an Dual EG configuration (ICS-
XQ_EG_Dual_Current 5000/1CS-5000" with both EGC configured on one
Instrument)
XQ_CD_Noise_Drift Noise and drift test for conductivity detectors
XQ_DC_Amp_Noise_Drift Noise and drift test for DC amperometry detectors
XQ_Int_Amp_Noise_Drift Noise and drift test for integrated amperometry detectors
XQ_PDA Noise_Drift Noise and drift test for photodiode array detectors

Noise and drift test for absorbance detectors (excluding
PDA detectors)

Wavelength accuracy test for the VWD and PDA
absorbance detectors

XQ _UV_Vis_Noise_Drift

XQ_Wavelength_Accuracy

Injector precision test for systems with an absorbance

XQ_Abs_Inj_Precision detector

Injector carryover tests for systems with an absorbance

XQ_Abs_Inj_Carryover detector

Injector precision test for systems with an conductivity

XQ_CD_lInj_Precision detector

Injector carryover test for systems with an conductivity
detector

Warm-up sequence for ICS-5000/ICS-5000" systems with
ED detector

Noise and drift test for ICS-5000/ICS-5000" amperometry
detectors (ED in Integrated Amperometry mode)

XQ_CD_Inj_Carry Over

XQ_ED_Warm_Up

XQ_ED_Noise_Drift

Injector precision for ICS-5000/ICS-5000" systems with
XQ_ED_Inj_Precision amperometry detector (ED in Integrated Amperometry
mode)

Injector carryover for ICS-5000/ICS-5000" systems with
XQ_ED_Carryover amperometry detector (ED in Integrated Amperometry
mode)

Detector Linearity for ICS-5000/ICS-5000" systems with
XQ_ED_Linearity amperometry detector (ED in Integrated Amperometry
mode)

Injector linearity for ICS-5000/ICS-5000" systems with
XQ_ED_Inj_Linearity amperometry detector (ED in Integrated Amperometry
mode)

The sequence turns off the pump and cell for ICS-
XQ_ED_Stop 5000/ICS-5000" systems with amperometry detector (ED in
Integrated Amperometry mode).
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XQ_Abs_Linearity

Detector linearity test for absorbance detectors

XQ_CD_Linearity

Detector linearity test for conductivity detectors

XQ_Abs_Inj_Linearity

Injector linearity test for systems with an absorbance
detector

XQ_CD_Inj_Linearity

Injector linearity test for systems with an detector

XQ_Abs_Samp_Prep

Injector sample preparation precision test for systems with
an absorbance detector

XQ_CD_Samp_Prep

Injector sample preparation precision test for systems with
an conductivity detector

XQ_GP_Grad_Accuracy

Gradient accuracy and noise test for systems with a
gradient pump

XQ_CD_Noise_Drift

Noise and drift test for conductivity detectors

XQ_DC_Amp_Noise_Drift

Noise and drift test for DC amperometry detectors

XQ_Int_Amp_Noise_Drift

Noise and drift test for integrated amperometry detectors

XQ_PDA_ Noise_Drift

Noise and drift test for photodiode array detectors

XQ_UV_Vis_Noise_Drift

Noise and drift test for absorbance detectors (excluding
PDA detectors)

XQ_Stop

The sequence slows down the flow rate to 0.25 mL/min to
conserve eluent for overnight runs
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5 Performing the Qualification

5.1 OQ/PQ Test Order

The OQ/PQ qualification tests are performed in the following order:
Flow Rate Accuracy and Precision Qualification
Eluent Generator Current Qualification Test
Warm Up

Wavelength Accuracy Test (only for VWD absorbance detectors)

1.

2

3

4

5. Detector Noise and Drift Test
6. Injector Precision Test

7. Carryover Test

8. Detector Linearity Test

9

Sample Preparation Precision Test (only for AS Autosamplers with the Sample Prep Option and
10 mL Tray Type installed with conductivity detectors)

10. Column TC and/or Compartment TC
11. IC Cube Temperature Qualification
12. Injection Temperature Accuracy

13. Sample Temperature Accuracy of Autosamplers (only for AS-AP autosamplers)

065448 OQ PQ Operating Instructions Part F Rev. 7.12 Page 50



Thermo Fisher Scientific ICS-5000" Capillary System OQ/PQ User’s Guide

Table 13. OQ/PQ Test Timetable

Test Method Material Required Equlll_l_branon Appr(_)x.
ime Run Time
Flow Rate Accuracy Eluent (water)
and Precision Sequence 15 min 52 min
All pump models Backpressure loop
20 min
Conductivity Water flow rate : (after 20
. . Sequence . 5 min .
Noise / Drift 1.0 mL/min minute
warm up)
20 min
Int. Amperometry Seguence Eluent 5 min (after 60
Noise / Drift q (15 mM OH) minute
warm up)
AS-DV, Manual
Injector
Warm Up Eluent (water) 1hr. 10
Detector Noise / Drift Sequence Standards 10 min min
Injector Precision Backpressure loop
Carryover
Detector Linearity
AS, AS-AP CD:
Warm U 2 hr, 10
DetectorpNoise / Drift Eluent (water) . min
. o Sequence Standards 10 min
Injector Precision Backpressure loop
Carryover ED:
Detector Linearity 2 hr, 50min
AS-AP with
temperature control Eluent (water) cD:
Warm Up , Standards 2 hr. 40
Detector Noise / Drift Backpressure loop '
Injector Precision Sequence _ . 10 min min
Carryover Calibrated Digital
Detector Linearity Thermometer ED:
L 3 hr, 20min
Injection Temperature
Accuracy Test
AS with Sample Prep
Warm Up
Detector Noise / Drift Eluent (water) 2> hr. 40
Injector Precision Sequence Standards 10 min min
Carryover Backpressure loop
Detector Linearity
Sample Prep Precision
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Test cell
Eluent Generator Sequence _ N/A 16 min
Current Qualification Multimeter

5.2 Starting the Sequences

For AS Autosamplers with the Seguential Injection Option: Before starting any

v sequences, first verify that none of the instruments configured on the computer have
“Acquired Exclusive Access” to the autosampler, or column TC, or compartment TC.
If this is the case release the “Exclusive Access” command before proceeding. Once
the qualification sequences begin, the system being qualified will gain and retain
exclusive access to the autosampler, column TC and compartment TC until the
“Stop” sequence is run and “Exclusive Access” is released. “Exclusive Access” can
be released by going to the command function (F8), choosing the module from the
list, and executing the “ReleaseExclusiveAccess” command.

5.2.1 Flow Rate Accuracy and Precision Qualification

The Flow Rate Accuracy and Precision test is designed to qualify the flow rate accuracy and precision
of all pumps. A 6-port valve is required to run the IC flow rate test. For capillary IC systems, the 4-
port valve needs to be replaced by a 6-port valve. See the procedure on how to replace a 4-port valve
by a 6-port valve.

1. Unscrew the locking ring on the outside of the valve and remove the ring.
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2. Grasp the front of the valve pod and pull out firmly to remove it from the IC cube.
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10.
11.

Ensure the pump is disconnected from the Chromeleon software. The system should be in hold
mode and a message box displaying “Plumb pump for Pump Flow rate Accuracy and Precision
Test, press OK to continue" should be visible.

Plumb purnp for Pumnp Flow-rate Accuracy and Precizion Test, press OK to continue, ‘ ok |

Stop the pump from the front control panel of the module if it is not already stopped.
Locate the backpressure coil. Use the tan coil (P/N 074572) for the capillary system.

Connect one end of the backpressure coil directly to the outlet of the pump and the other to port
2 (P) of the injector valve.

Prepare two lengths of blue tubing, 0.0025 (0.0063 in) ID, of equal lengths, approximately 12"
(40 cm). Connect one of these lines to port 1 (L) of the injector valve. The tubing connected to
port 1 (L) of the injector valve will be the eluent line that goes to the “sample vial.”

Connect the other line to port 3 (C) of the injector valve. The tubing connected to port 3 (C) of the
injector valve will be the waste line.

Run the waste line to a waste beaker and the eluent line to a sample beaker. The plumbing to
the valve should look like the figure below.

SAMPLE IN
Ly
s _Jl . Q:é]

o We gl T

an ae
"\,__ A I -

__:_‘- 3 ; IPULSE CAWPER]
Ly f\g - -i
1 Pz
/. FLowRaTE
}i" ! MEASUREMENT

BACKPRESSURE COIL {~1500 psi)

PUMP N

Figure 20. Plumbing schematic for Pump Flow Rate Test

Click OK on the Chromeleon software. The system should reconnect to the module and/or
resume the program in run mode.

The program will equilibrate the pump for 15 minutes before starting the test. During this time
eluent flow should pass through the waste line. Ensure that sufficient backpressure is observed
during this equilibration time.

At time 0, the injector will switch to the eluent line.

At time 2.00, the injector will switch back to the waste line and the Chromeleon software will ask
you to “Please weigh the eluent container. Enter results under segment 0. Press OK to
continue." The program will be in hold mode and will wait until OK is pressed before continuing.
Weigh the eluent container, but do not zero the balance used for weighing. Record the weight as
segment 0. Click OK to continue.

Please weigh the eluent container. Enter resultz under segment 0. Press OF. to continue. | [I]:4 “
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12.

13.
14.

15.

Note: The template of this report is stored in the data vault of the respective
sequence. Please refer to Chromeleon 7 Quick Start Guide on how to access
report templates.

Template name: OQ_PQ_CIC_Modular_Validation

The Chromeleon software will switch the injector back to the eluent line for exactly 10 minutes.
After this time the injector will switch to the waste line and a message “Please weigh the eluent
container. Enter results under segment 1. Press OK to continue" will be displayed. The program
will be in hold mode and will wait until OK is pressed before continuing. Weigh the eluent
container including the tubing, nut and ferrule, but do not zero the balance used for weighing.
Record the weight as segment 1. Click OK to continue.

Repeat 12 for segments 2 through 5.

After the sequence is finished open the Water_FR sample from the Console. Select the Flow
Rate sheet at the bottom of the page and enter the Segment values and room temperature into
the sheet. Save the worksheet by clicking on the Chromeleon Icon on the top left of the User
Interface and select save. A written or balance printout of the weights should be signed and
dated to accompany data entered on the sheet.

J Newve Save
: Open the save dialog and choose data
~ objects to save.
Open Sawve All
: Irmediately saves al modfied objects
= Add withouk questions,
l_l Save Sequence As
B
; I — Save a copy of the current sequence.,
=
del] Print
Cloze

Figure 21. Selecting Save

Print the Flow Rate Accuracy and Precision report by clicking on the Chromeleon Icon on the top
left of the User Interface and select print. Choose a printer and press OK to begin printing.
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J . ;ﬂ Print
=" Opens the print dizlog.

- Open & Quick Prink
d:'JJ Imrediately prints the currenthy selected
B document to the defaut printer.
fdd /% Print Preview

: Cpens the print preview vandow,

H Sanve

1

J‘,Ejr_, Prinit

‘H"_f-] Export
|J Close

Figure 22. Selecting Print

16. Print the Flow Rate Accuracy and Precision report by selecting Print from the File menu.
Choose a printer and press OK to begin printing.

17. If any part of the test does not pass, make the appropriate repair or calibrations and rerun the
test. Refer to Section 5 for troubleshooting assistance.

18. Plumb the system for the remainder of the qualification.

PUMP IN

(PULSE DAMPER)

O S

BACKPRESSURE COIL
(P/N 074572)

Figure 23. Plumbing diagram, initial equilibration step for a capillary system
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19. Ensure the pump is disconnected from the Chromeleon software. The system should be in hold
mode and a message box displaying “Plumb the system for the remainder of the qualification
tests, press OK to continue" should be visible.

a. 1CS-5000/ICS-5000" Conductivity: Connect the backpressure tubing (P/N 074572) to eluent
in port of the 4-port valve. Attach the loop end to the inlet of the conductivity cell, thus
bypassing all columns and suppressors. Use the 115 mm blue peek tubing (P/N 072189)
from the IC Cube Tubing kit (P/N 072186) to connect from the 4-port valve to the detector

It is important to connect the Backpressure Loop assembly upstream from the loop
or unusual peak shapes may occur.

b. 1CS-5000/ICS-5000% Integrated Amperometry:

1) Locate the ED Cell Inlet Tubing Kit (P/N 074221) shipped with the cell. The kit contains a
17 cm (6.75 in) piece of blue precut capillary tubing (P/N 071870) and the fittings needed
for connecting it between the PA20G and the cell inlet.

2) Use a high-pressure (blue) fitting to connect the tubing from the Eluent Out port of the
capillary EG degas cartridge to the Eluent In port (2) of the injection valve. Turn on the
pump flow and wait about 60 seconds before tightening the connection.

3) Wait until liquid is flowing out of the Eluent Out port (3) of the injection valve, then turn off
pump flow.

4) Use a high-pressure (blue) fitting to connect the tubing from the Eluent In port of the
column cartridge to the Eluent Out port (3) of the injection valve. Turn on plump flow and
wait until liquid is flowing out of the Eluent Out port of the column cartridge.

5) 5) Use a 10-32 fitting bolt (P/N 043275) and 10-32 double-cone ferrule (P/N 043276) to
connect the cell inlet tubing (P/N 071870) to the Eluent Out port of the column cartridge.

6) 6) Wait until liquid is flowing out of this tubing and then use the long 10-32 fitting bolt
(P/N 057227) and split-cone ferrule (P/N 062978) to connect the tubing to the Cell In port
of the electrochemical detector. Turn the pump flow off.

Refer to Page 99 of the ICS-5000/ICS-5000" lon Chromatography System Installation
Instructions (Document No. 065343) for complete instructions installing the Low-Pressure
Fluidic Connections for Electrochemical Detection

5.2.2 Eluent Generator Current Qualification

The Eluent Generator Current Qualification test ICS-5000/ICS-5000" EG (single or dual) configured
with either a KOH or MSA cartridge (or both).

When using a FLUKE 189/289 multimeter, the measured current is automatically entered into the
EG_CURRENT, EG_DUAL_CURRENT sheet.

1. Resume the Batch by clicking OK. This sequence is an Eluent Generator step gradient. Each
step is held until the user clicks OK to continue. There may be a delay of up to 0.4 minutes
between when the Eluent Generator program steps to the next concentration and when the
ammeter or multimeter registers the new milliamp reading. Record the milliamp reading for each
step on a note pad. These values will be entered into the EG_ CURRENT,
EG_DUAL_CURRENT or EG Current Qualification sheet after the run is complete. The run
time is 11.0 minutes plus pause time.
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Note: The template of this report is stored in the data vault of the respective
sequence. Please refer to Chromeleon 7 Quick Start Guide on how to access
report templates.

Template name: OQ_PQ_CIC_Modular_Validation

2. When the run is complete, open the report file by double clicking on the Water_EG sample of the
XQ_EG_Current sequence and select Printer Layout from the View menu. Locate the row of
sheet names at the bottom of the report and click on the EG_CURRENT, EG_DUAL_CURRENT
or EG Current Qualification sheet.

3. Goto Edit and turn Layout Mode on. Enter the milliamp readings that were recorded in step 1
for each concentration value in the EG_CURRENT, EG_DUAL_CURRENT or EG Current
Qualification sheet. The deviation and pass/fail results will be calculated automatically.

4. Print the EG Current Qualification report by selecting Print from the File menu. Choose a printer
and press OK to begin printing.

5. If any part of the test does not pass, make the appropriate repair/adjustments and rerun the test.
Refer to Section 5 for troubleshooting assistance.

6. To qualify another cartridge, select the new cartridge type in the control panel, add the
XQ_EG_Current, XQ_EG_Dual_Current or XQ_IC_EG_Current sequence to the batch list, set
the status of the Water_EG and Stop samples to single and repeat steps 1 - 4.

5.2.3 Performing the Main Qualification

The main part of the OQ/PQ consists of the tests 3 — 9 of the OQ/PQ test order, and this part of the
qualification requires that an absorbance or conductivity detector be configured on the system being
qualified.

If the qualification will be performed using a manual injection valve, use full loop injections and overfill
the loop a minimum volume equal to 3 times the sample loop volume. Inject standards at the beginning
of each sample in the sequence. There will be a 2.4-minute delay before the sample is injected. It is
advisable to manually edit the programs to replace the 2.4-minute delay with a message command to
hold the system until the sample is ready.

“-2.400 Punp_Rel ay_1.d osed Duration=130. 00"
Line with

“-0.100 Message "Load the sanple into the injection |oop, press K to
conti nue"”

1. The sequences must be installed as described in Section 4.5.

2.  The sequences must be set up as described in Section 4.6.
If the batch is not started already go to Batch and Edit. Start the Batch. Run times are as follows:
« Systems with an AS-DV or manual injection have a run time of approximately 1 h,10 min.

« Systems with an AS and AS-AP but no sample prep have a run time of approximately 2 h, 10
min.

« Systems with an AS and AS-AP with cooling have a run time of approximately 2 h, 40 min.
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« Systems with an AS and sample prep have a run time of approximately 2 h, 40 min.

At the end of the main qualification the capillary system the pump will remain on and continue to
run at a flow rate of 0.010 mL/min.

For systems using an Eluent Generator, the program will pause before the Eluent Generator
Current Qualification Test, proceed to section 5.2.2. The program will pause before the Flow
Rate Accuracy and Precision Test, proceed to section 5.2.4 before continuing to step 3.

3.  When the queue is finished, go to the Chromeleon console right click on each completed
sequence present in the qualification, select the Report and Print the report. The Eluent
Generator Current Qualification, Flow Rate Accuracy and Precision Qualification, Column Heater
Accuracy qualification have already been printed.

4. Review the report for Pass/Fail results. If any test does not pass, make the appropriate
instrument repair and/or adjustments and rerun all tests from the original point of failure on.
Refer to Section 6 for troubleshooting assistance.

5.2.4 Column/Compartment TC Temperature Qualification

The column/compartment TC temperature qualification can be used to qualify the temperature
accuracy of the column/compartment TC on an ICS-5000/ICS-5000". After completion of all other
tests record the reading on the digital thermometer. See 5.2.5 to set up the Thermocouple on to the
digital thermometer.

The IC Cube temperature qualification is used to qualify the temperature accuracy of the IC Cube
temperature on an ICS-5000/ICS-5000". Make sure the temperature probe is inserted into the column
cartridge of the IC Cube and the adaptor is inserted into the digital thermometer as shown in Figure
25. Close the DC Door during the temperature qualification. After completion of all other tests record
the reading on the fluke meter Make sure the temperature probe is inserted into the column cartridge
of the IC Cube.

Figure 24. Thermocouple Adaptor and Thermocouple
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'

Figure 25. Putting the Thermocouple into the column cartridge

1. Open the Water_ WU sample in the Warm Up sequence from the Console. Click on Printer
Layout from the View menu. Select the Temperature Qualification tab at the bottom of the
page, turn on layout mode and enter the measured temperature of the Column TC in the
“Measured Column Temperature” cell and if the Compartment TC is installed, enter the
measured temperature of the Compartment TC in the “Measured Compartment Temperature”
cell.

Note: The template of this report is stored in the data vault of the respective
sequence. Please refer to Chromeleon 7 Quick Start Guide on how to access
report templates.

Template name: OQ_PQ_CIC_Modular_Validation

2. If the test does not pass, make the appropriate repair/adjustments and rerun the test. Refer to
Section 6 for troubleshooting assistance.

3. Print the Column TC Temperature Verification report by selecting “Print” from the File menu.
Choose a printer and press OK to begin printing.

5.2.5 Turning off watermarks in the reports

Some users prefer not having watermarks in the back of the report. The procedure below describes
how to turn off watermarks in the reports. The procedure can only be performed if the user has
sufficient privileges granted by the administration.

1. Go to the Instrument Category
2. In the Chromeleon Console, Go to the Tools menu.

3. Select Administrations Console
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éﬁ Chrormeleon Console

| Create | File Edit  View | Tools | Help

Instruments Skation Qualification. . - 0oy

Inskrument Qualification, .. [
ﬁ arnpler

02_ICS-5000_Dual 1

03_IC5-9004500 | Adrminiskration Consale, ., |‘

04_1C5-2100 : Bme
05 1C5-3000 jManage users, licenses and other administration settingst
(=] | -

0F_Ultik ate2000_2 Yirtual Column Separation Simulatar, .. rurnent Dz
| | H . -
I:I?_Lllt!MatEEEIEID_E azic el e o Tetirslblt T boce rument De
=l 08 UkiMate3000 RS rument N7

Figure 26. Selecting Administration Console
4. Select Global Policies within the Administraion Console.

. -
3 . o |5 s
License Manager (ocal) Chromeleon user database policies:

Logon | Password Restrictions | Electronic Signature I LDAP Logon | Client Locking | Versionl

Global Policies
Discovery

& Local Machine ) The box for the user name is blank for each
() Blank logon.

Default User Name For Logon

_ The box for the user name contains the user
© Most Recent User name of the recently logged on user.
The box for the user name contains the user
() Windows User Name name of the curertly logged on Windows
user. But the user name may be changed.

The box for the user name contains the user
(71 Force Windows User Name name of the cumertly logged on Windows
user. This uger name cannot be changed.

Figure 27. Selecting Global Policies

5. Select “Reporting” tab, then uncheck “Print with watermark”
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Onsol fl
License Manager (local) Repaorting

Scheduler

=3, User Database Prirtt

-4 Global Policies
Discovery

Local Machine

Print with watemmark

Figure 28. Selecting reporting

5.2.6 Sample Temperature Accuracy (AS-AP autosampler only)

This section describes how the sample temperature accuracy is determined for the following Thermo
Fisher Scientific autosamplers: AS-AP. For this test, only the autosampler is required. The other
modules of the IC system are not required.

Test Procedure
The following table lists the materials required for performing the test.

Part No. Description Quantity
6820.0010 Type K temperature sensor for P600 thermometers 1
5705.0050A Column Thermostat PQ Kit 1

In addition, a standard polypropylene vial (10.0 mL) is required. Fill the vial with water (do not cap).

Connecting and Configuring the System

System connections

e . Connect the Type K temperature sensor to the Dostmann P600 thermometer. and make the
settings (that is, adapt the sensor type and calibration values) as described in the instructions for
the thermometer.
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Figure 29. P600 Thermometer and Type K sensor

Figure 30. Type K sensor

¢ Fill an open standard polypropylene vial (10 mL) with water and place it at sample position BC1
with CD systems and RB1 with ED systems.
e Insert the temperature sensor into the vial at a right angle until the tip touches the vial bottom.
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-

Figure 31. Temperature sensor inserted into the vial

e Rotate the carousel until the carousel cover closes completely.

Figure 32. Cover closed

e Configuration
Configuration is not required.

e Preparing Chromeleon
To qualify the sample temperature accuracy, select the following sequence:
SAMPLER_TEMP_ACC
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Performing the Check

Set the sample temperature to 15 °C. When the nominal temperature is reached, the external

thermometer is used to record the sample temperature over a period of 30 minutes.

Tip: Do not perform any autosampler commands during the test. Moving the needle arm or carousel
may damage the thermometer or autosampler. The user can use a calibrated thermometer such as the

Dostmann P600 or equivalent.

Duration
The test takes approximately 45 minutes.

5.2.7 AS-AP pH and Conductivity Qualification

This section describes how the sample pH and conductivity accuracy is determined for
the following Thermo Fisher Scientific autosampler: AS-AP. For this test, the autosampler a

nd

other modules of the IC system are required. Please refer to the operator manual for pH and
conductivity detector set up. The pH qualification should be performed after the standard qualification.

The AS-AP pH and conductivity qualification will be set up in push mode only.

mgreatEv File Edit View | Tools | Help

Station Qualification...

| Instrument Qualirficatiun...

Custom '.'arial:leﬁ:litcr...

@)

PreferF[ Configure and run tests to qualify an instrument

Discovery Manager...

Figure 33. Instrument Pane for Chromeleon 7.1

0OG for pH/Conductivity accessory requires appropriate syringe and buffer loop. Consult manual for details.

Figure 34. Starting the Instrument Qualification Wizard for Chromeleon 7.1

(o]
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| Instrument Qualification Wizard @ x |
Choose Special Tests sy
Select either the standard instrument gualifcation tests or special tests. L‘:
Qualffication Tests
 General
Performs general checks for instrument qualification.
Performs special instrument qualfication tests that need user interaction.
[ «<Back ][ MNew> |[ Cancel
Figure 35. Select special for the Qualification Tests
| Instrument Qualification Wizard @l X |
Choose Tests s
Select the qualfication tests to run. L‘:
PH/Conductivity Accessory with Madular System
[ «<Back |[ Ned>> ][ Cancel |

Figure 36.The pH/ Conductivity Tests will be selected if the instrument is configured correctly.
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Instrument Qualification Wizard -Q) x
Define a Storage Location |.-
Specify where to store the results. r.‘:
Destination
chrom://icts-dell 3/ChromeleonLocal /Instrument Data/ICS-5000_ASAP./Qualfication
<<Back | [ Finsh | [ Cancsl
Figure 37. Select finish
¥ Chrematogram b | Name Type Level Position Volume [pL] | Instrument Method Frocessing Method
1 |MNene j WARMUP Blank o RA1 100.0000 : WARMUP Validaticn
2 |MNone 3 pH_OFFSET_CALIBR.. : Blank o Ral 100.0000 : pH7_CALIBRATION Validation
3 |Mone ﬁ pH_SLOPE_CALIBR.. : Blank o Raz 100.0000 : pH4_CALIBRATION Validation
4 | Mone ﬁ pH_SLOPE_CALIBR.. : Blank o Ra3 100.0000 § pH10_CALIBRATION Validation
E | Maone 3 pH_VERIFICATION(p.. : Blank o Rl 100.0000 ; pH_MEASUREMENT alidation
& | Mone 3 pH_VERIFICATION(p.. : Blank o RA2 100.0000 : pH_MEASUREMENT alidation
7 |Mene 3 pH_VERIFICATION(p.. : Blank o RA3 100.0000 ¢ pH_MEASUREMENT Walidation
& |Mone ﬁ CD_CALIBRATION Blank o RAd 100.0000 : CD_CALIBRATION Validation
9 |Mene j CD_MEASUREMENT... : Blank o RAE 100.0000 ;: CD_MEASUREMENT Validation
Figure 38. Sequences
Performing the Check
1. Fill the vials according to the table below.
Table 14. OQ/PQ Test Timetable
Qualification Standard Sample Order on AS-P
pH Measurement pH OFFSET Calibration RAL
pH Measurement pH Slope Calibration RA2
pH Measurement pH Slope Calibration RA3
CD Calibration Blank RA4
CD Measurement Conductivity Standard RA5

2. Start the sequence.

3. A pop out screen will remind the user to configure the AS-AP with the 5mL syringe and the
8500 pL buffer loop before the qualification begins.
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|00 for pH/Conductivity accessory requires appropriate syringe and buffer loop. Consult manual for details. OK

Figure 39. Reminder Screen

Duration
The test takes approximately 1 hour.

5.2.8 Qualification Comments

The comments section of the report is provided as a place to record any comments, test failures, or
configuration changes that occur during the qualification.

To use the comment section, open the Water_ WU sample in the Warm Up sequence from the
Console. Select Print from the File menu. Choose a printer and press OK to begin printing.This page
can also be printed and comments entered manually.

To print the Comment report, select Print from the File menu. Choose a printer and press OK to
begin printing.

Note: The template of this report is stored in the data vault of the respective
sequence. Please refer to Chromeleon 7 Quick Start Guide on how to access
report templates.

Template name: OQ_PQ_CIC_Modular_Validation

5.3 What to do if a Test Fails

If at any point the instrument results do not pass within Thermo Fisher Scientific specified limits, the
instrument must be serviced. See Chapter 6 for troubleshooting assistance. When the repair is
complete, rerun all tests from the original point of failure on in the sequence. All actions for failures
and repairs should be recorded on the “comments” report. For example, if the instrument passes
tests 1, 2, and 3 and fails test 4, make the appropriate repairs, record the action, and then repeat
tests 4 — 9 only.

When rerunning the tests, restart the Instruments OQ or Instrument PQ procedure from the
Qualification menu and uncheck all passed tests prior to the test that failed. All tests after the test that
failed should be left checked even if they have previously passed. The Warm Up sequence is always
required and must be rerun.

5.4 OQ/PQ Completion

5.4.1 Customer Review
1. The printed results should be reviewed by the instrument owner/user.

2. When the qualification is accepted, both the Customer and Qualification Executor need to sign
the printed reports.

3. Fill out the Qualification Stickers and Certificates of Functional Performance for the qualified
modules.
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4. Place the reports and certificates into the binder provided in the OQ/PQ kit and leave it with the
customer.

5.4.2 Accuracy of Reports

In accordance with Good Laboratory Practice (GLP), calculations used to determine the results in the
printed reports use more significant figures than those shown and are rounded down for the final
report. When reproducing the calculations by hand it may be necessary to obtain numbers from the
reports after increasing the number of displayed significant figures.

The number of displayed significant figures can be adjusted through the report publisher. Open the
sequence containing the samples for the test being examined and double click on a sample. The
sample data should be shown. Under the View menu choose Printer Layout to open the report.
Highlight the numbers being used for the hand calculations, click on the Format menu and select
number. The number of digits displayed can be increased by changing the number type; for example,
entering 0.00000 into the Type field will increase the number of displayed decimal places to 5.
Always use more significant figures for hand calculations than is shown in the printed report.

5.4.3 Returning the System to the Original Configuration

1. If the Signal factor was modified in the system preparation, or a module was renamed it must be
set back to its original value. Open the Chromeleon Instrument Configuration application. Double
click on the detectors qualified to view the properties page. Select the Signals page to change
the factor back to the original value and the General page to change the name back to the
original value. Exit the properties page and save the configuration.

2. Disconnect the Backpressure Coil and restore the system plumbing to its original configuration
with the appropriate columns, suppressors, and eluent generator in line.

3. Remove the sample loop and reinstall the original sample loop back onto the injection valve. For
systems using an AS Autosampler, go to the Main Menu on the front panel of the autosampler.
Access the Module Set Up screen and then go to Plumbing Configuration. Change the
sample loop size back to its original value.

4. Reconnect the original eluents to the pump and prime each line individually to purge the eluents
used in the OQ/PQ tests.

5. Flush the system with an eluent recommended by the customer and confirm that there are no
leaks.
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6 Troubleshooting

6.1 General Hints

If the system pressure is above 2000 psi after connecting the PEEK Backpressure coil with a flow rate of
0.010 mL/min in capillary systems, the coil has a blockage, replace it.

Dips before or after the main nitrate peak indicate extra dead volume in the system. This is caused by
small voids between the end of a liquid line and the bottom of the port. Individually disconnect each line
from the injection valve to the detector cell. Push the ferrule and fitting up and away from the end of the
tubing. Do not cut the capillary tubing. When reinstalling all liquid connections, first insert the tubing all
the way into the port until it touches the bottom. Hold the tubing in this position while inserting and
tightening ferrule and fitting down into the port.

6.2 Failure of Individual Tests

6.2.1 Conductivity Detector Tests

Test Reason Action
. Replace with an alternate water
Poor water quality
source
Baseline Noise Air bubbles in flow cell Flush out flow cell
Cell temperature regulation failure Replace cell

Allow longer flush/equilibration

System not equilibrated time

Regulate temperature (block

Drift Lab temperature not stable :
vents, close windows, etc.)

Degas water or turn degas unit

Water not degassed onto “Always On” setting.

Concentration of standards is Obtain new fresh standards

incorrect

Detector Linearity Liquid leak Find and repair source of leak
Injection volume not consistent Overfill sample loop at least 4x
(manual injections only) when loading
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6.2.2 Pump

Test

Reason

Action

Step Noise (ripple)

Air in system

Air in flow cell

System not equilibrated

Check valve or piston seal failure

Void time from pump to detector too
long or short

Prime pump, flush system

Flush flow cell with iso-propyl
alcohol, ensure adequate
backpressure on flow cell

Allow longer flush/equilibrium
time

Replace check valve/piston seal

Adjust tubing length accordingly

Flow Rate Accuracy
and Precision

Flow rate out of calibration

Re-calibrate the flow rate of the
pump

6.2.3 Autosampler

Test

Reason

Action

Injector Precision

Air injected from vial or from sample
syringe when doing manual injections

Air bubbles in AS or AS-AP sample
syringe

Liquid leak in autosampler or injection
valve

Poor water quality in flush reservoir

Too little sample volume in vial —
refill vial or flush bubbles out of
injection syringe

Flush out syringe

Find and repair source of leak

Change water and flush sampler
fluidics

Contaminated injection valve

Contamination in autosampler

Replace injection valve rotor and
stator face

Flush/replace autosampler liquid
lines

Liquid leak in autosampler or injection
valve

Poor water quality in Sample Prep
reservoir

Carryover
Use new sample vial for
Contamination in sample vial or in deionized water blank, rinse vial
syringe used for manual injections thoroughly before using, flush
syringe or use a new one
Air injected from vial To_o Iit.tle sample volume in vial,
refill vial
Air bubb_les in AS sample syringe or Flush out syringe
Sample Prep Prep syringe
Precision Defective prep syringe Replace prep syringe
(AS only)

Find and repair source of leak

Change water and flush sampler
fluidics
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6.2.4 Integrated Amperometry Detector Tests

Test

Reason

Action

Baseline Noise

Electrochemical detector cell not
connected properly

Electrochemical detector cell defective

Reconnect cable to amperometry
cell connection on detector

Replace DWE, reference
electrode or ED cell.

CR-ATC defective

Replace CR-ATC

Drift

Detector not equilibrated

Lab temperature not stable

Allow longer equilibration time

Regulate temperature (block
vents, close windows, etc.)

Injector Precision

KOH concentration wrong, retention of
Threonine too high or too low

Replace KOH EGC

6.2.5 Eluent Generator

Test

Reason

Action

Current

Quialification Test box not
connected properly

Ammeter or multimeter on wrong
setting

Quialification cell defective

Reconnect test cell cable to the
Eluent Generator, confirm
ammeter or multimeter leads are
making contact with test cell
wires

Ammeter or multimeter should
be set to read current (mA).
Range should be set to view
0.00 to 300.00 mA

Replace qualification test cell

6.2.6 Column Heater

Test Reason Action
Column Heater not calibrated Recalibrate the Column Heater
Temperature Thermometer not calibrated Calibrate thermometer
Qualification . . . .
Thermometer not fitted in column Fit thermometer in column heater
heater (compartment) correctly (compartment) correctly
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7 Example Report

The example report is for an ICS-5000/ICS-5000" Capillary system configured with a CD Detector, DP
Gradient Pump, and an AS-AP Autosampler.
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