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Summary

The document outlines the method transfer of sample extraction for assay of Sodium
Chloride in Charged-lonic, Zwitterionic and Amphoteric Surfactants from traditional
manual extraction to an automated application using the ePrep ONE Sample extraction
Workstation. The goal is to streamline the analysis and extraction, whilst ensuring
compliance with regulatory standards.
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Key Objectives:

e Assess the compatibility of extraction of Charged-lonic, Zwitterionic and Amphoteric
Surfactants for analysis of Sodium Chloride content with ePrep ONE automation.

e Validate the ePrep ONE automated application against manual extraction methods.

e Enhance laboratory efficiency by reducing time, use of heavy metal reagents, and
labour.

The automated method uses Water and 5M Nitric Acid (MeOH) for extraction and is
analysed using precision titration with Silver Nitrate (AgNos). Several critical parameters
such as precision, linearity, and robustness were evaluated, with results demonstrating that
the automated ePrep ONE method produced comparable or better performance than manual
methods. Additionally, the automated process reduces the use of heavy metal reagent,
improves safety by minimising human contact with hazardous chemicals, and lowers
operational costs through automation.

The document concludes that transitioning to an automated extraction application using the
ePrep ONE delivers significant efficiency and productivity benefits as well as time and cost
savings, improved consistency, data integrity and significant reduction in environmental
impact, all while delivering a CFR Part 11 compliant validated pharmacopeia equivalent
application.

Introduction

This application, developed with scientists from Ego Pharmaceuticals and ePrep Australia,
utilises the capability of the ePrep ONE Sample Preparation Platform to deliver a reliable and
repeatable automated sample extraction of Charged-lonic, Zwitterionic and Amphoteric
Surfactants for Sodium Chloride analysis by precision titration.

Surfactants are a diverse class of amphiphilic compounds extensively employed across
multiple industries for their ability to reduce interfacial tension between immiscible phases.
They are critical in the formulation of cleaning agents such as detergents and soaps and are
also pivotal in industrial applications, pharmaceutical delivery systems, food emulsification,
and cosmetic product development. Sodium chloride is integral to a wide array of
surfactant-based products, including detergents, cosmetics, and personal care items. A
comprehensive understanding of its effects is essential for optimizing product performance
and ensuring formulation stability.

Sodium chloride content can significantly influence the rheological properties of surfactant
solutions by altering the molecular interactions and spatial arrangements of surfactant
molecules. This effect is particularly critical in formulations such as shampoos and
conditioners, where achieving the optimal viscosity is a primary formulation objective. In
aqueous solutions, surfactants self-assemble into aggregates known as micelles. Sodium
chloride influences micelle formation and behaviour, including alterations to the critical
micelle concentration (CMC). These modifications can affect the overall performance,
thermodynamic stability, and kinetic behaviour of surfactant systems.

Surfactants function by reducing surface tension, thereby enhancing the spreading and
wetting properties of surfaces. Sodium chloride can modulate this process, often
augmenting the cleaning efficacy and other functional applications through its impact on



surface tension dynamics. Excessive concentrations of salt may induce surfactant
precipitation, thereby diminishing their functional efficacy. This can also adversely affect the
rheological properties, visual appearance, and colloidal stability of the final product.

Two key challenges in creating a validated automated extraction process for sodium
chloride analysis of surfactants is the production of foam during the sample dissolution and
the acidification of the sample using nitric acid. The automated solution must be capable of
handling the dissolution of the sample without introducing excessive foaming or transfer of
the foam layer. The automated solution must also be capable of introducing 5M Nitric Acid
into the samples without over acidification of the sample or damaging the instrument. Many
automated sample preparation instruments are not designed to work with foaming samples,
or the repeated use of concentrated acid solutions potentially leading to cross
contamination of samples, loss of performance, or damage to the instrument.

Objective

To develop a validated automated sample extraction of Charged-lonic, Zwitterionic and
Amphoteric Surfactants for Sodium Chloride analysis by precision titration using the ePrep
ONE deck, and the ePrep ONE Solvent dispenser and the Mettler-Toledo T5 Auto-Titrator.

Introducing the ePrep ONE Automated Extraction System

The ePrep ONE offers a fully automated, end-to-end solution for titration sample preparation,
helping to increase the efficiency and accuracy of virtually any application while dramatically
reducing costs and environmental impact.

The ePrep ONE smart software streamlines the creation of new applications by allowing
users to select hardware, including syringes, vials, racks and other tools, through a simple
drag-and-drop function. All coordinates are predefined at the outset, further decreasing the
set-up time. In addition, applications can be saved and accessed at any time, which frees
laboratory staff from the need to rewrite programs.

A CFR Part 11 validated version available for laboratories needing to demonstrate GMP
compliance, such as PIC/s PE0O09. No movements need to be programmed; groups of vials
are defined, and tasks are selected. The software offers several tasks to streamline the
creation of sample extraction applications:

e Precision Stirring: On deck, stirring of samples is possible using the 20 or 60 position
magnetic stirrer. Applications include environmental soil samples, pharmaceutical
tablet dissolution or viscous samples. Stirring profiles can be fully controlled through
the ePrep ONE software, the ePrep ONE magnetic beads are specifically designed to
provide optimal sample extraction. The precision control of the magnetic stirring
speed and duration ensures that every sample extracted is done so under uniform
conditions. The ePrep ONE CFR Part 11 Software captures any changes to method
conditions, ensuring compliance and Quality.



o Probe Dispenser: The Probe Dispenser can be used for preparation tasks requiring
large volume addition of diluent or reagent. It uses a 5SmL Syringe Driver with a
cleaver ePrep ONE attachment arm to efficiently deliver liquids to vials. The volume
and speed of the solvent delivery is precisely controlled by the ePrep ONE software.
The control of solvent delivery is crucial to sample preparation applications where
the introduction of solvent to the sample requires careful control to prevent negative
sample extraction effects such as foaming.

o Precision Syringes: The ePrep ONE positive displacement syringe range covers
volumes typically used in sample preparation operation. The syringes are fitted with
a uniquely coded RFID tag matched to the serial number marked on the syringe barrel
for ePrep Application identification. The ePrep ONE software will recognise the
syringe volume and enable the user to specify syringe serial numbers used in a task,
reducing contamination risk and eliminating cross-contamination.

o ePrep ONE Long-Reach Needle: The extraction method utilizes the ePrep LongReach
syringe designed for extraction techniques where precision of the extraction point is
critical, perfect for handling foaming samples such as surfactants. Unlike pipettes,
the ePrep LongReach syringe maintains a sealed environment when piercing vial
septa, which ensures sample integrity.

o Sample Contamination: Wash steps are automatically included within tasks using the
in-built ePrep ONE wash station, adjustable for volume or cycle number for solvents
such as 5M Nitric Acid. Additional wash tasks can be directed to use stronger
solvents if needed, offering multiple ways to reduce sample contamination or
carryover. For sensitive analytical techniques such as titration the ability to ensure
the system is free from contaminants without guesswork streamlines laboratory
processes and reduces the risk of Out of Specification analysis.

Materials and Instrumentation

The reagents and solvents required for the analysis of sodium chloride by titration are given
in Table 1. The samples and standards were weighed as shown in Table 3, using an
analytical balance (XSR105DU — Mettler Toledo). They were then prepared using the fully
automated sample extraction instrument, ePrep ONE. The equipment needed for performing
automated extraction using ePrep ONE is listed in Table 2.

Table 1 Reagents and Solvents required for determination of Sodium Chloride in surfactants by Silver Nitrate
titration using ePrep ONE Automated Extraction

Name Grade Brand

Silver Nitrate (AgNOs3) AR Chem Supply
0.1M Silver Nitrate (AgNO3) Not Applicable In-House

5M Nitric Acid

Water Not Applicable



Table 2 Equipment required for determination of Sodium Chloride in surfactants by Silver Nitrate titration using
ePrep ONE Automated Extraction

Glassware Syringes/Tools Decks

40 mL Glass Vials 1 mL Standard Syringe Magnetic Stirrer
100 mL Titration Cups 5 mL Probe Dispenser Autotitrator Deck
10 mL Burette 10 mL Long needle Syringe

DG141-SC Silver Ring Electrode

Table 3 Standards required for determination of Sodium Chloride in surfactants by Silver Nitrate titration using
ePrep ONE Automated Extraction

Name

Standardization of 0.1 M AgNO3 Grade Brand Mass

Sodium Chloride (Dried) AR Chem Supply  0.0500 + 0.0050g
Sample - Charged lonic Surfactant (Imidazoline Betaine) N/A 0.3000 + 0.0300g
Sample - Zwitterionic Surfactant (Cocamidopropyl Betaine) 0.6000 + 0.0600g
Sample -Amphoteric Surfactant (Empigen BB) N/A 0.6000 + 0.0600g

Following extraction of all Samples, analysis was performed via Autotitration (Mettler-Toledo
T5) of Sodium Chloride against standardized .0.1 M AgNOs. For the purposes of validation,
the titration conditions are as mentioned in Table 4.

Table 4 Autotitrator Method Conditions

Titration Conditions

Autotitrator Mettler Toledo®, T5
Autotitrator Probe DG141-SC Silver Ring
Temperature 25°C

Titrant 0.1M Silver Nitrate (AgNO3)
Burette Volume 10 mL

Titration Program

Step Parameter

001 Type General Titration
Compatibility T5/T7/T9
Titration Type Direct
Pre-stir Duration 10 sec
Relevant EQP 1
Control Normal
Stir 40%
Pre-dispense 0mL
Calculation Content %

002 Sample Type Sample
Number of IDs 1
Entry Type Weight
Lower Limit 00g
Upper Limit 5049
Density 1.0 g/mL

Number of Sample Factors 0




Titration Program

Step Parameter
Correction Factor 1.0
Temperature 25°C
Entry Arbitrary
Titrator Reader None
003 Titration Stand Manual Stand
004 Stir
Stir Speed  10%
Stir Duration 10 sec
005 Titration (EQP)
Titrant
Titrant AgNO3
Concentration 0.1 mol/L
Sensor
Type mV
Sensor DMi141-SC
Unit MV
Temperature Acquisition
Temperature Acquisition  Not Applicable
Stir
Speed 40%
Pre-dispense
Mode Volume
Volume 1.0mL
Wait Time 10s
Control
Control Normal
Mode Precipitation
Show Parameters Not Applicable
Evaluation and Recognition
Procedure Standard
Threshold 200.0 mV/mL
Tendency Positive
Ranges 0
Add EQP Criteria Steepest Jump
Steepest Jumps 1
Termination
AtVMax 20mL
At Potential Not Applicable
At Slope Not Applicable
After Number of EQPs 1
Number of EQPs 1
Combined Termination Criteria N/A
Calculation of R1 Consumption
006 Result Consumption

Result Unit

mL



Titration Program

Step Parameter
Formula RT1VEQ
Constant C=1
M M [Sodium Chloride]
Z Z[Sodium Chloride]
006 Decimal Places 5
Result Limits  Not Applicable
Record Statistics Yes
Send to Buffer Not Applicable
Write to Smart Tag None
007 Calculation R2: Content
Result Content
Result Unit %
Formula R2=QxC/m
Constant C: M/(10xz)
M: M[NaCl]
z: z[NaCl]
Decimal Places 5

Result Limits

Not Applicable

Record Statistics

Yes

Extra Statistical Functions

Not Applicable

Send to Buffer

Not Applicable

Write to Smart Tag

None

The exact application conditions used to complete the analysis are given in Figure 6. The
deck setup required for ePrep ONE, and the defined groups are shown in Figure 7.

Add 5M Nitric to stock sample
100 uL Syringe

Final Sample
Group 4

Reag Volume
50 L

( wamings ) Validate ) & Save )( Run )( DeckDisplay )( Approve )
/" Select N\
Add Reagent Reag Volume H20 100% Stock Sample
5000 uL Dispenser 30000 pL Acc - Group 1 Group 2
@ ( Magnetic Stirrer 600 sec 400 RPM )
Group 2
Add Reagent(1) Reag Volume H20 100% Final Sample
5000 uL Dispenser 10000 pL Acc - Group 1 Group 4
AliquotSample Sample Volume Stock Sample Final Sample
10000 uL Syringe, 103mm Needle 20000 pL Group 2 Group 4

5M Nitric Acid
Group 3

Figure 6 ePrep ONE application
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Figure 7 ePrep ONE deck configuration

Extraction Comparison of ePrep ONE

The automated ePrep ONE extraction application was validated against the manual
extraction method for the surfactants under examination using the respective in-house
validated methods. Ensuring that a single ePrep ONE application will be compliant with any
required specification. For the purposes of this paper the results of the charged - ionic
surfactant will be discussed.

Manual preparation requires 1.000 g of the surfactant sample under examination to be
dissolved into 80 mL of water, the sample is then acidified with 5M Nitric acid using Methyl
Orange indicator to determine the pH of solution by Pasteur pipette. The resulting solution is
then analysed by potentiometric titration using standardized 0.1 M AgNOs. A plot of the mV
reading versus the volume of titrant is used to determine the inflection point of the titration.

Sample extraction

In the automated ePrep ONE application, 0.6000 g of the sample for analysis is weighed and
quantitatively transferred into a 40 mL glass vials and placed by the Analyst onto the ePrep
ONE instrument group 2, deck position 8, Figure 7. A 40 mL vial of 5M Nitric Acid is also
placed onto the deck, group 3, deck position 8, Figure 7.

The automated ePrep ONE extraction application uses the probe dispenser, group 1, line A,
figure 7, to accurately dispense 30 mL of diluent (water) into each sample vial, group 2, deck
position 8, Figure 7. The delivery speed of the diluent is precisely controlled to minimise
foaming of the sample. The sample vials are vortex mixed at 400 RPM for 10 minutes.



Following the initial vortex mix, 10 mL of diluent is added to each titration beaker using the
ePrep ONE probe dispenser to prepare for the aliquot of sample stock solution, group 4,
deck position 13, Figure 7.

The ePrep ONE uses a 10000 pL ePrep ONE LongReach
analytical syringe to accurately transfer 20 mL of the sample
stock solution to 100 mL titration beakers containing 10 mL
of diluent to create the sample solution. The ePrep ONE
LongReach needle position is optimized by the application
to ensure that the needle position is below any foam layer
resulting from the sample extraction.

After delivery of the stock sample aliquot the ePrep ONE
uses a 100 pL syringe fitted with a standard needle to deliver
a 10 pL aliquot of 5M Nitric acid, group 3, deck position 8,
Figure 7 to the sample beakers, group 4, deck position 13,
Figure 7.

Figure 9 Sample solutions after diluent addition.

The final solution is not mixed by the ePrep ONE as a 60 second mixing step is programmed
into the Autotitrator application, however a syringe mixing step could easily be programmed
into the ePrep ONE application. The solution concentrations are maintained to follow Mettler-
Toledo auto-titration guidelines, ensuring the titre is within the burette volume range and
optimising solvent use by the ePrep ONE.

A separate ePrep ONE application was created as system wash to remove any potential
contaminants from the probe dispenser. This step is critical to ensure that no chloride ions
remain in the system that has the potential to lead to cross contamination of samples.

ePrep ONE System Parameters

The following Parameters will be discussed in detail, however a summary of the selected
parameters are in Table 5.

Table 5 Summary Table for Parameters of ePrep ONE Sample extraction

Parameter Chosen Option

Vial Choice 40 mL Glass Vials (ALWSCI, P/N C0000061)
100 mL Titration Beaker (Mettler Toledo P/N 00101974)
Probe Dispenser 5 mL Probe Dispenser
Needle Choice 10 mL ePrep ONE LongReach Syringe
100 pL ePrep ONE syringe
Aspiration Speed (uL/Sec) 150
Aspirate Pause (Sec) 10
Dispense Flow Rate (uL/Sec) 400
Dispense Pause (Sec) 5
Waste ePrep ONE wash station

Mixing Type Vortex Mixing



Vial and Needle Choice

In this study, 40 mL Glass Vials were selected to complete the extraction, the glass
vials ensure consistent and support efficient extraction. A LongReach needle size
syringe is used in combination with the 40 mL glass vials, as well as a specific solids
height of 5mm for accurate sample collection. RFID identification of the required
syringe, combined with platform setup verification by the CRF Part 11 validated
instrument software, ensures that errors from incorrect apparatus are avoided. This
process enhances accuracy and reliability before commencing operations.

Aspiration

Speed, Pause Time and Dispense flow rate: The speed and duration of aspiration
ensure optimal performance during the sample extraction process. For the aspiration
speed, 150 pL/sec was selected, it was determined that using a moderate to low
aspiration speed setting did not introduce sample variability. To reduce error
attributed to sample lag during the plunger draw, a ten-second pause is used during
aspiration. The pause allows the sample to be fully drawn into the syringe as the
plunger is drawn back following aspiration. By pairing a low to moderate aspiration
rate with an extended pause, sample extraction was determined to be more robust.
The needle depth, is critical due to potential foaming of the sample, was set to ‘Auto
Low’, by configuring the needle depth to Auto Low, we ensure that droplets do not
accumulate on the syringe, as the needle is immersed in the sample below any foam
layer. In addition the ‘solids height’ was set to 5 mm, allowing the long reach needle
to drop to the lowest achievable position within the sample. This approach helps
maintain the integrity of the sample transfer process to further minimise variability in
sample delivery.

Dispersion

Speed, Pause Time and Needle Depth: During the dispersion of the aspirated sample,
the parameters are less critical than those used during aspiration. The dispersion
speed was set to 400 pL/Sec, to reduce application time, however, the pause time of
five seconds was found to be a mandatory parameter. The pause time in addition to
aiding the sample draw also allows for any droplets formed on the syringe needle to
be dispensed. By configuring the needle depth to Auto Low, we ensure that droplets
do not accumulate on the syringe, as the needle is immersed in the pre-delivered
solvent, this approach helps maintain the integrity of the sample transfer process.

Waste

The ePrep ONE wash station is configured to wash the system during execution of
the sample extraction application. An additional Wash application to be completed
prior to the titration application is also used specifically for probe dispenser washing.
This is designed to remove chloride ion residue from the ePrep ONE probe dispenser
prior to preparation of titration samples.



Results and Discussion

The results from the application validation of the automated extraction of surfactants are
outlined below. During method development, it was identified that the Charged-lonic,
Zwitterionic and Amphoteric Surfactants investigated share an equivalent method of
preparation. The same preparation approach was used for all surfactants, with the exception
of the sample mass weighed for the surfactant under examination, which was adjusted
based on expected content of sodium chloride to result in a titre within the 40 to 60 % range
of the burette.

As the sample preparations are identical for all of the surfactants examined, the Charged-
lonic surfactant (Imidazoline Betaine) was assessed against all validation criteria.
Zwitterionic (Cocamidopropyl Betaine) and Amphoteric (Empigen BB) Surfactants were
assessed for performance of manual extraction vs the automated ePrep ONE application.

Specificity: The inflection curve of the sample analysis and standardization of the AQNO; are
similar and show no interference. Samples extracted using the ePrep ONE application have a
similar inflection curve and titre when the material is manually extracted.

The automated ePrep ONE sample extraction was validated with respect to accuracy,
precision (repeatability), intermediate precision, and robustness using a charged ionic
surfactant as the representative analyte. As the extraction procedure is identical for all
surfactants within the scope of the application, satisfactory validation results for the
charged-ionic surfactant are considered indicative of the method’s suitability for the
automated extraction of all surfactants under examination.

The following four parameters were used to assess the transfer of sample preparation from
manual extraction to automated extraction using ePrep ONE:

Precision of Sample extraction: A set of six samples will be prepared using the ePrep ONE
workflow, with results analysed for relative standard deviation (RSD), the limit for the RSD of
6 sample preparations is < 2.0 %.

Linearity: A set of three curves comprising of five concentrations 33 % to 166% of target will
be prepared using the ePrep ONE workflow. The limit for the R? of the curve of sample mass
vs titre is 2 0.999.

Accuracy (Recovery): A set of nine samples will be prepared using the ePrep ONE workflow,
three samples at target mass, three samples at 90 % of target mass, and three samples at
100% of target mass. With results analysed for relative standard deviation (RSD), the limit for
the RSD of 9 sample preparations is < 2.0 %. The RSD between extreme weight sample
solutions is < 2.0 %. The RSD between extreme results (Lowest and highest observed result)
is<2.0%

Intermediate Precision: The RSD between first and second analyst is < 2.0 %.

Robustness: The RSD between initial precision and various robustness parameters is < 2.0
o,
%.

Accuracy: The results obtained from samples prepared using the ePrep ONE automated
extraction is < 2.0 % of results obtained from manual extraction.



Equivalency of Automated ePrep ONE to Manual Extraction: Two Duplicate samples from a
single batches of Imidazoline Betaine, Cocamidopropyl Betaine and Empigen BB were
extracted. The first duplicate sample was extracted using manual extraction, the second
duplicate, using the automated ePrep ONE workflow. The analysis by potentiometric titration
reveals no significant difference between manual and automated extraction for each
respective material. Additionally, a comparison of the titration response indicates similar
values for samples of comparable weights, thereby meeting the acceptance criteria.

Table 7 Comparison of Sodium Chloride content in surfactant analysis using manual extraction and ePrep ONE

Manual Extraction ePrep ONE

Sample Result (% NaCl)  Result (% NaCl) % RSD  Specification Pass/Fail
Imidazoline Betaine 11.62 11.47 0.77 % 11.0t0 12.0 % PASS
Empigen BB 7.00 6.97 0.28 % 6.5t08.5% PASS
Cocamidopropyl Betaine 4.80 491 1.63 3.5t07.5% PASS

The results obtained using the automated ePrep ONE extraction were compared to the
content result obtained from manual extraction of the same batch for each of the
surfactants under examination. Results for both the ePrep ONE and manual extraction
methods were within specification. The results of the automated ePrep ONE extraction are
within 2.0% of the results when extracted manually, as such the automated extraction is
considered equivalent to the manual extraction method.

Linearity: Linearity was assessed by preparing a set of three curves comprising of five
concentrations 33 % to 166% of target will be prepared using the ePrep ONE workflow. The
limit for the R? of the curve of sample mass vs titre is = 0.999.
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Figure 9 Titrant Consumption (mL) vs Response (mV) of Lowest Concentration (33%)
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Figure 10 Linearity Plot Sample Mass (g) vs Inflection Point (mL)

The R? obtained for each curve is given in table 8. The R? value of each curve is = 0.999, as
such the method is validated with respect to linearity.

Table 8 Linearity using ePrep ONE.

Curve Result

1 0.9998

2 1.0000

3 1.0000

Average 0.9999 % RSD 0.011

Acceptance Criteria Pass/Fail
r2>=0.999

Accuracy (Recovery): The accuracy was conducted by preparing three separate samples at
target weight (T), three samples at increased target mass (IM) and three separate samples
at decreased target weight (DM). The accuracy was assessed using the following criteria,
each sample is within 11.0 to 12.0 %. The RSD between P1 to P9 is within 2.0 %. The RSD
between the injections of each sample solution is within 2.0 %. The RSD between extreme
results (lowest and highest result) is within 2.0 %.



Table 9 Accuracy (Recovery) Results

Sample Result (% NaCl) Outcome
IM 1 11.5992
Ave: 11.59 % .
IM 2 11.6099 % RSD: 0.19 Complies
IM 3 11.5668
DM 1 11.4865
Ave: 11.47 % .
DM 2 11.4510 % RSD: 0.16 Complies
DM3 11.4740
T1 11.4303
Ave: 11.47 % .
T2 11.4740 % RSD: 035 Complies
T3 11.5110
Average 11.51% % RSD: 0.26 Complies
Extreme weight % RSD % RSD: 0.77 Complies
Extreme result % RSD % RSD: 1.10 Complies

Precision (Repeatability): The precision of the automated sample extraction using ePrep
ONE was evaluated by performing six replicate extractions from the same sample under the
proposed application. The analysis of the extracted samples yielded consistent content
results, with a %RSD of 0.08% across the six replicates, as shown in Table 10.

All results were within the predefined specification limits, demonstrating that the automated
ePrep ONE extraction method is precise.

Table 10 Precision using ePrep ONE.

Preparation Result (% NaCl)

1 11.61402

2 11.62296

3 11.61596

4 11.60183

S 11.61648

6 11.62822

RSD 0.077 %
Acceptance Criteria Pass/Fail

% RSD =< 2.0 %

Intermediate Precision: Intermediate precision was assessed by two independent analysts
performing sample extraction using the proposed automated ePrep ONE application. The
mean assay values obtained by each analyst (mean + 2.0%) were comparable, and the
results showed overlapping ranges. The %RSD between analysts was within acceptable
limits, indicating good intermediate precision. These results support the method'’s validation
with respect to intermediate precision. A summary of the data is provided in Table 11.



Table 11 Summary of Intermediate Precision using ePrep ONE.

Result (% NaCl)
Analyst Range % NaCl Average % NaCl % RSD Pass/Fail
Analyst 1 11.602 -11.628 11.617% 0.077% |PASS
Analyst 2 11.411-11.797  11.655% 1.184% |PASS

Robustness: Robustness of the automated ePrep ONE sample extraction application was
evaluated by introducing deliberate variations to critical method parameters, followed by
titration of the resulting samples.

The modifications included (i) adjusting the mixing speed by +10%, (ii) varying the mixing
time by +10%, and using a sample mass of target +10%. These parameters were selected by
the development team based on their potential impact on extraction efficiency. The
parameters were combined to increase the stress on the extraction efficiency.

The results obtained under the modified conditions were compared to those from the
original precision study. The assay results remained consistent, with overlapping ranges
observed across all conditions. No significant differences in sample content were detected,
confirming the robustness of the ePrep ONE extraction application under the tested
conditions.

Table 12 Robustness evaluation of the automated ePrep ONE application.

Robustness Criteria: Variation in Magnetic Stirring Speed and Time
Result (% NaCl)

Sample Range % NaCl Average % NaCl Pass/Fail
-10% Mixing Speed & Time 11.529 - 11.586 11.56 0.264 PASS
Control 11.430 - 11.511 11.47 0.352 PASS
+10% Mixing Speed & Time 11.564 - 11.651 11.60 0.373 PASS
Considerations

The application discussed in this white paper has been validated against the in-house
method for determination of sodium chloride content of surfactants by potentiometric
titration. Charged-lonic surfactant (Imidazoline Betaine) was assessed against all validation
criteria. Zwitterionic (Cocamidopropyl Betaine) and Amphoteric (Empigen BB) Surfactants
were assessed for performance of manual extraction vs the automated ePrep ONE
application, the development team believe that the ePrep ONE workflow would be a suitable
extraction method for determination of sodium chloride content of other surfactants.

Vial and syringe selection are critical to extraction efficiency and, consequently, analyte
content during development, the vial selected must be capable of a volume that allows a
sample aliquot large enough to result in a final sample volume suitable for titration. The
syringe needle must be positioned low enough in the vial to draw the complete sample
aliquot without the risk of aspirating any potential foam layer resulting from the sample
extraction. The ePrep ONE software precisely controls the needle position within the vial, it



should be noted that the default settings of the 40 mL, 99 mm vial were deliberately
modified during development of the application.

The use of chlorinated solvents on the ePrep ONE system prior to extraction of samples
using this application may pose a risk of out of specification results due to trace chloride
residue in the system. To address this, a simple ePrep ONE washing application was
developed incorporating specific mitigation strategies. A high volume water (H.0) purge of
the probe dispenser is executed prior to the titration application, ensuring that all lines and
probes in potential contact with chlorinated solvents are thoroughly rinsed with H-0, thereby
minimizing risk of out of specification results due to cross contamination.

Variations in mixing speed and duration were seen to have the potential to impact extraction
efficiency and, consequently, analyte content during development, particularly at high
speeds resulting in excessive foaming of the samples. To mitigate this risk, the ePrep ONE
employs CFR Part 11-compliant software with controlled user access and permission levels.
This ensures that only authorized personnel can modify critical application parameters,
thereby preventing both accidental and deliberate alterations that could compromise
method performance. Furthermore, as part of the method validation, robustness testing was
conducted by varying aspiration speed and vortex mixing speed. The results demonstrated
no impact on the titration, confirming that the method is resilient to such operational
variations.

Organizations that operate without robust, version-controlled applications or user access
restrictions, such as those provided by CFR Part 11-compliant software, must consider the
risks associated with unauthorized modifications to extraction parameters. As
demonstrated through robustness testing, even minor, uncontrolled changes to critical
extraction settings can lead to non-conformant results.

The ePrep ONE mitigates this risk through its integrated CFR Part 11-compliant software,
which enforces user permission levels and maintains a complete audit trail. This ensures
that all method changes are either restricted or traceable. Furthermore, the fully automated
ePrep ONE application standardizes sample preparation, effectively eliminating variability
introduced by differences in analyst experience or manual technique.

Benefits

Automation in sample extraction heralds transformative financial, environmental, and

human advantages. In addition, the ePrep ONE 21 CRF Part 11 software ensures
compliance, by providing a validated automated sample extraction that meets stringent
quality and regulatory standards. The ePrep ONE automates the extraction process, reducing
human intervention and minimizing errors, while maintaining precision and accuracy. The
ePrep ONE not only enhances operational efficiency but also ensures that laboratory
practices align with regulatory requirements, thus safeguarding data integrity and reliability.

The ePrep ONE system can revolutionize laboratory practices by optimizing reagent use,
minimizing waste, and reducing heavy metal solvent consumption and waste generation,
easily achieving sustainability goals and decreasing the ecological footprint. For Analysts,
the ePrep ONE system liberates them from monotonous repetitive tasks, enhancing job



satisfaction and enabling focus on more intricate scientific endeavours. It significantly
boosts safety by minimizing exposure to hazardous substances and reducing lost time due
to repetitive stress injuries.

In essence, automated sample extraction using ePrep ONE, elevates efficiency,
sustainability, and workplace safety, profoundly benefiting both the laboratory environment
and its dedicated professionals.

The comparison of the manual extraction to the ePrep ONE automated workflow,
demonstrating the potential benefits are shown in Table 12

Table 13 Comparison of preparation of 2 Samples Replicates by Manual to Automated ePrep ONE Analysis

Comparison Parameter Manual Extraction ePrep ONE extraction % Reduction

Solvent Usage 260 mL 35mL 86 %

Heavy Metal Waste Generation 260 mL 35mL 86 %

Duration 3 Hours 30 Minutes 83 %

Hands on Time 3 Hours 10 Minutes 94 %
Conclusion

The successful method transfer from manual to automated extraction using the ePrep ONE
system for the determination of sodium chloride content of surfactants by potentiometric
titration demonstrates clear advantages in efficiency, solvent consumption, and analytical
precision. The evaluation of robustness parameters confirmed that, when operated within a
CFR Part 11-compliant environment, the ePrep ONE system enables strict control over user
access and application parameters. This significantly reduces the risk of deviations from
validated workflows and mitigates errors commonly associated with manual sample
preparation.

The automated workflow met the specifications of each of the surfactants evaluated,
suggesting that the workflow may be suitable for use with other surfactants. Validation
results demonstrated that the ePrep ONE delivers accurate and precise sample preparation
with minimal human intervention, resulting in more consistent outcomes and improved data
integrity.

In addition to enhancing analytical performance, the adoption of the ePrep ONE application
yields measurable savings in both time and resources, particularly through reduced
consumption of heavy metals, reduced use of concentrated acids, and decreased manual
labor. These efficiencies support broader operational and sustainability goals, including
waste minimization and greener laboratory practices.

Overall, the implementation of automated sample preparation using ePrep ONE offers a
robust and scalable solution for laboratories aiming to modernize operations. By reducing
human error, increasing throughput, and ensuring compliance with good laboratory practice
and regulatory standards, this approach positions laboratories for enhanced productivity and
long-term success.



Supplementary Data

Table 14 Settings for 5000 pL Dispenser

Settings for 5000 pL Dispenser

Aspirate Flow Rate (uL/sec) 2500
Aspirate Pause (Sec) 2
Dispense Flow Rate (uL/sec) 250
Dispense Pause (Sec) 3

Purge to Waste
Purge Volume (pL) 2500
Aspirate Flow Rate (uL/sec) 2500
Aspirate Pause (Sec) 2
Dispense Flow Rate (uL/sec) 750
Dispense Pause (Sec) 3
Purge Cycles 3

Table 15 Settings for 10 mL Long Reach Syringe

Settings for 10 mL Long Reach Syringe

Aspirate Flow Rate (uL/sec) 150
Aspirate Pause (Sec) 10
Dispense Flow Rate (uL/sec) 400
Dispense Pause (Sec) 5

Tool Wash Settings

Tool Wash Volume (uL) 800
Tool Wash Aspirate Flow Rate (uL/Sec) 150
Wash Aspirate Pause (Sec) 1
Tool Wash Dispense Flow Rate (uL/Sec) 400
Wash Dispense Pause (Sec) 1
Tool Wash Cycles 2
Wash Piercer After Tool Wash NO

Prime Settings

Prime Method To Tube
Prime Volume (pL) 1000
Prime Aspirate Flow Rate (uL/Sec) 150
Prime Aspirate Pause (Sec) 2

Prime Dispense Flow Rate (uL/Sec) 400
Prime Dispense Pause (Sec) 0

Prime Cycles 2

Prime Cycles When Refilling 1

Advanced Settings
Aspirate Needle Position
40 mL Vial Settings

Solids Height

AUTO LOW

5mm



Table 16 Settings for 10 pL Standard Syringe

Setting for 10uL Syringe

Aspirate Flow Rate (uL/sec) 30
Aspirate Pause (Sec) 1
Dispense Flow Rate (uL/sec) 250
Dispense Pause (Sec) 1
Tool Wash Settings

Tool Wash Volume (pL) 30
Tool Wash Aspirate Flow Rate (uL/Sec) 30
Wash Aspirate Pause (Sec) 1
Tool Wash Dispense Flow Rate (uL/Sec) 250
Wash Dispense Pause (Sec) 1
Tool Wash Cycles 4
Wash Piercer After Tool Wash NO
Prime Method TO TUBE
Prime Volume (uL) 15
Prime Aspirate Flow Rate (uL/Sec) 30
Prime Aspirate Pause (Sec) 1
Prime Dispense Flow Rate (uL/Sec) 250
Prime Dispense Pause (Sec) 1
Prime Cycles 4

Prime Cycles When Refilling 1




APPENDIX 1 - ePrep part numbers for this application

Description Part Number

EPrep ONE Sample Preparation Workstation 01-071000
ePrep Probe Dispenser 01-04300
ePrep 30 Position Magnetic Stirrer 01-04504
Adapter Plate/Rack 20-40mL Vial for 30 Pos Mag Stirrer 01-04515
Polypropylene Stirring Beads (Pkt 10) 01-04521
Adapter Plate/Rack for Titration Cups 60-MTT5
100 uL ePrep Syringe, 80mm Needle 01-09014
10 mL ePrep LongReach, 103mm Needle 01-09037
Suggested Spares

Replacement Piercer for ePrep (Pkt 2) 01-09795
Piercer Cleaning Brush (Pkt 2) 01-09797
Replacement 100 pL Syringe Needles (Pkt 2) 01-09807
Replacement 10 mL Syringe Long Reach Needles (Pkt 2) 01-09822
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