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USP <621> Chromatography Waters
Def il nes NAIl owabl e Ad] te8norigrdef

A Adjustments to a USP method may be made to meet system suitability
requirements

A Verification tests must be performed after changes

I Full re -validation not required
A Must use the same L  -designation of column

A lsocratic hold or dwell volume adjustments are allowed

USP-NF | Online

USP 37 NF 32 S1
- Official Aug. 1, 2014

- Significant changes to Chapter
< 621> Chromatography

Click the LIEP-MNF version listed below that you would like to access.

USP 36-HF 31 USP 37-HF 32

USP 37-HF 32

through Second Supplement through First Supplement
Irnformation in this edition of USP-NF Irformation in this edition of USP-HNF Information inthis edition of USP-HF
remains official until May 1, 2014 will become official on May 1, 2014 will becorme official on fogust 1, 2014

Eefore May 1, 2014, uze thiz information
to prepare for compliance.

Eefore Sogust 1, 2044, uzs this
irformation to prepare for compliance.

Order Information | Privacy | Walidation Protocol | License Agreement | Copyright @014 The U.5. Phamacopeial Convention. Al Rights Reserved

© 2015 Waters Corporation 3



USP 37 -NF 32

through First

-

Woaters

Supplement - August 1, 2014 THE SCIENCE OF WHAT'S POSSIBLE!
variable USP 36-NF 31 Thrguiriirgtz;ptllsmir%[
Isocratic Gradient
Particle Size 0% L/dp Ratio Constant NZ”(;P:;QCQI]eS
Column Length +70% orN:-25to + 50% Nglgﬁgges

F2=F1 x[(d&Z dpl)/dc1? x

= 2 i
Flow Rate F2=F1 (dZd12) and+50% dp2)] and50% Not applicable
Any allowed if linear velocit Any allowed if linear velocity No changes
Column ID IS constant constant allowed

Injection Volume

Any reduction consistent wit
precision and detectiohmits;

Can be adjusted as consiste
with precision and detection

Can be adjusted
consistent with
precision and

no increase permitted limits detection limits
Column Temperature +10% +10% +10%
Mobile Phase pH +0.2 unit +0.2 unit +0.2 unit

F=Flow rate; d = internal column diameter; dc = column diameter,

© 2015 Waters Corporation
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Scaling Existing Separations THE SCIENCE OF WHAT'S POSSIBLE?
Length Column Particle Size Relative Values
(L, mm) | Diameter (dc , mm) (dp, p m) Lidp | F| N | Pressure | Run Time
230 4.6 10 25,000 (0.5/0.8 0.2 3.3
150 4.6 S 30,000 |11.0/1.0 1.0 1.0
150 2.1 5 30,000 /0.2/1.0 1.0 1.0
100 4.6 3.5 28,600 ({1.4(1.0 1.9 0.5
100 2.1 3.5 28,600 ({0.3(1.0 1.9 0.5
75 4.6 2.5 30,000 12.0/1.0 4.0 0.3
75 2.1 2.5 30,000 10.41.0 4.0 0.3
50 4.6 1.7 29,400 ({2.9(1.0 8.5 0.1
50 2.1 1.7 29,400 ({0.6(1.0 8.5 0.1

For example, if a monograph specifies a 150-mm x 4.6-mm; 5-um column operated at 1.5 mL/min, the same
separation may be expected with a 75-mm x 2.1-mm; 2.5-um column operated at 1.5 mL/min x 0.4 = 0.6 mL/min,

along with a pressure increase of about four times and a reduction in run time to about 30% of the original.
B 1S (USP37

© 2015 Waters Corporation
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Taking Advantage of OA
Adj ust mentso I n USP <6

Isocratic Methods - Improve analysis speed and quality with UPLC and
sub-2-um columns

- Improve methods with CORTECS 2.7 um or 2.5 uym
XP columns on HPLC systems

- No re -validation required

Gradient Methods - Any change requires re -validation
- Fully optimize  methods using sub -2-um particles
and UPLC
- Develop better methods faster with ACQUITY QDa
mass detector
System - Future -proof the lab: Both HPLC and UPLC methods

can be run on the ACQUITY UPLC H -Class system

Software - ACQUITY Columns Calculator for proper transfers

- Streamline verification and validation testing with
Empower Method Validation Manager

© 2015 Waters Corporation
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USP C_ompendlal Methods: Warters
Pote ntl al ISS u eS THE SCIENCE OF WHAT'S POSSIBLE.”

A Mobile phase
I High buffer salt concentration in mobile phase
I High concentrations of modifiers (phosphoric acid, TEA etc.)

I pH may be close to the limits of traditional column packing
materials

A Method
I Not always an optimized method
A Sample
I Complex formulations: tablets, suspensions, ointments
I Minimal, inadequate sample preparation
I New excipients may not be compatible with USP method
I Sample may not be fully soluble in diluent/mobile phase
I Methods (often isocratic) may not elute all sample components
A API, related substances, formulation excipients

© 2015 Waters Corporation



Strategy for Successful Waters
MethOd TranSfer to UPLC THE SCIENCE OF WHAT'S POSSIBLE.”

Determine Method Compatibility

@ Prevention

Prepare UPLC System & Mobile Phase
Method Transfer and Routine Analysis

&

Successful
Transfer

© 2015 Waters Corporation 9
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Determining UPLC Method Warters
Compatibility THE SCLENCE OF WHAT'S POSSTBLE?

A Did the separation ever work well on an HPLC system?
I Check buffer salt solubility with bench top experiment

A Does the HPLC method properly elute ALL excipients as well as
the APl and related substances?

I Look at the properties of formulation components and their
compatibility with the original USP method

A Solubility in  diluent and mobile phase
A Stability (temperature, pH)

I Modifications to sample preparation or method MAY be required, to
prevent sample build -up on column

© 2015 Waters Corporation 10
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| | Waters
System Preparation and Mobile Phase THE SCIENCE OF WHAT'S POSSIBLE?

A System
I Ensure the system has been cleaned regularly
I Sonicate or replace solvent filters to ensure cleanliness
o Sinkers are significant source of bacteria

I Run a system performance standard to ensure system is in proper
working condition

A Mobile Phase
I Prepare fresh mobile phase

Use high quality, branded mobile phase solvents

Use high purity mobile phase buffers and reagents

Consider filtering or purchasing pre -filtered mobile phase solvents

Ensure that the mobile phase pH is compatible with the column

© 2015 Waters Corporation 1
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Strategy for Successful Waters
I\/I eth Od TranSfer THE SCIENCE OF WHAT'S POSSIBLE.”

Method Transfer and Routine Analysis

7R

Success Failure

&

Troubleshooting

7

System Sample

© 2015 Waters Corporation 12



Quick Troubleshooting

Failing
chromatography
- Poor peak shape
- Tailing
- RT shifts
- Drop in plate count

- System overpressure

© 2015 Waters Corporation

:> Does a fresh
sample help?

ﬂNO

Does column
washing help?

ﬂNO

Does replacing
column inlet/outlet

frits help? (for
troubleshooting only)

ﬂNO

Column Bed
Contamination

YES

YES

YES

—

Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Sample Stability
-check sample stability

Insufficient Wash
-build a column washing step
into each sample set or run

Particulates/Bacteria
-clean system
-replace sinkers
-make fresh mobile phase
-filter mobile phase
-use pre -column filter

-re -examine sample matrix
solubility and sample prep

13



| o Waters
B aCte rl a,I CO ntam I n atl O n THE SCIENCE OF WHAT'S POSSIBLE.®

A Bacteria in the system is a common cause of column failure

A Microbial build -up occurs in all systems running agueous mobile
phase

A Does not only occur at neutral pH
A 15 minutes is all it takes when conditions are right

P f S "
4 A

i SR N ’," 4

/ , <

1
EF669 L 5o ?v X1540K 27900 my
v " 4 - & o .
Vo

>

SEM: column inlet frit, inlet side

© 2015 Waters Corporation 14



Effect of Bacterial Contamination
on Chromatography

R
Waters

THE SCIENCE OF WHAT'S POSSIBLE."

0-14. Protein Mix
012/ Time=1h
0.10’:
30.08’:
< i
0.067]
] Column contaminated with

004 Time =2.17d bacteria (confirmed by SEM

] analysis of column frit)
0.02] A/\/\/\
0.007H‘wHH‘H"_‘H_H‘_H‘_HWHH_H‘_Hw

0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

Minutes
Conditions: 25mM sodium phosphate, 150 mM sodium chloride, pH

6.8, 0.4 mL/min, Injection vol: 4 uL, Wavelength: 280 nm

© 2015 Waters Corporation
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Preventing Waters
BaCte rlal CO ntam I natl O n THE SCIENCE OF WHAT'S POSSIBLE.®
A Tips

Replace sinkers (high source of bacteria)
Prepare mobile phase fresh daily
Pre-mix isocratic mobile phase with organic solvents

Add starting % organic to agueous mobile phases and adjust the
gradient accordingly

Flush the system regularly (with column removed) using a series of
water/acid/organic washes to eliminate microbial growth.

oSee AControlling Contaminati ®MS i n
and HPLC/ MS Systemso PN 715001307

Do NOT perform a hot water wash: this will worsen contamination

16
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Column Bed Contamination:
_ Waters
IS |t from the SyStem or Samplef) THE SCIENCE OF WHAT'S POSSIBLE.®
Failing Not related to
chromatography :r> sample stability, :> Column Bed
- Poor peak shape washing or Contamination
- Tailing particulates
- RT shifts
- Drop in plate count ﬂ
= System overpressure Is a routine use

study with diluent Clean system

blanks on a NEW <:I - PM system
column succesful? - Fresh mobile phase
(standard every 20 - New sinkers
Injections)
ﬂ'\'o Further investigate system

contamination
- Bacteria (less than 0.2 um)
System I:> - Mobile phase impurities
e - Filter compatibility
- Column stability under
method pH and temperature
conditions

© 2015 Waters Corporation 17
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Preventing System -related Waters
C0|umn Bed Contamlnatlon THE SCIENCE OF WHAT'S POSSIBLE."
A Tips

Prevent bacterial growth in system
Use high quality, high purity reagents for mobile phase
Consider using a VanGuard pre  -column

Ensure that the column being used is stable at the pH and
temperature specified in the method

Check chemical compatibility of filters (sample/mobile phase) with
the solvents being used

484Z5A Inlét_ﬁf“i—lﬁigt side118B8&7)
Eo:ls yl 539 =

1=

3373635 =3

Polysulphone material from filter
membranes plugging inlet frit

[ —
43 S8 Mm 2516 SEI

18
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M eth Od Tran Sfer Sce nNarios THE SCIENCE OF WHAT'S POSSIBLE.?

Transferreded ta
URLE Platfomm

Scaledd t
VPG Methbd d

Scaledd t
HPLUGT Methbd d

© 2015 Waters Corporation 20
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Differences in System Volume: Waters

LOW VS. H |g h P fessure M |X| ng THE SCIENCE OF WHAT'S POSSIBLE"

Multiple/Dual Pumps ( Binary) 1 High Pressure Mixing
Smaller System Volume =  Smaller Dwell volume

Solvent mixing:

After going through the pump
Pump A Or pre -mixed solvents only

Mixer
J_’-—‘ Injector H Column Detector Smaller system volume

Minimal dispersion

Pump B

- Single Pump ( Quaternary) - Low Pressure Mixing
Larger System Volume =  Larger Dwell volume

Solvent mixing:
Before going through the pump

Pump H“’]j@CtOI’ -|C0|Umn HDetector Larger system volume

Auto-Blend ®:

Gradient
Proportioning For mobile phase generation

Valve

© 2015 Waters Corporation 21
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System Volume Waters
TI m I n g Offset THE SCIENCE OF WHAT'S POSSIBLE.”

Actual mobile phase
profile on original
system measured at
the column inlet

Solvent Composition
at Mixer

. [
Solvent Composition |}
at Column Head

0
1

T Time
Injection )

System volume creates an offset before the solvent
composition change reaches the inlet of column
e, an fAi socratic holdo at the

© 2015 Waters Corporation 22



Different System Volumes
Effect on Separation

gunm | N EEEEN EEEE 4

LA
Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Original Instrument
System Volume 0.9 mL

Smaller Volume
System Volume 0.35 mL

EEEEEEEEEND
L4

& o B

Target System with smaller volume
less isocratic hold time

© 2015 Waters Corporation

Larger Volume
System Volume 1.4 mL

SEEEEEEEEEN
*

M

Target System with larger volume
longer isocratic hold time

23



Gradient Type:

Compensating for System Volumes

A Compare system volumes
I Thi s vol ume

the best comparison

R
Woaters

THE SCIENCE OF WHAT'S POSSIBLE."

shoul d be converted to

A If target system gives smaller

Isocratic segment

o ADD an initial hold to the
gradient table to give the
Identical hold R hbhbbbbbh

*

© 2015 Waters Corporation

A If target system gives  larger

Isocratic segment
0 Use the pre -injector volume

feature
" llllllllll
*
*
*
*
*
*
*
‘0
lllllllllllllllllllllllllllllll é

24



.

| o Woaters
Scal I n g I nJ eCtI O n VO | u m e THE SCIENCE OF WHAT'S POSSIBLE.”

Guideline:

Injection volume should be less than 5% of column volume.
Aim for <1% and experimentally determine if you can go higher
based on chromatographic conditions.

4.6 x 150 mm

2.49 mL 20 pL injection/2.49 mL = 0.8%

2.1 x50 mm
0.17mL |

If you inject too much, the result will be poor peak shape
due to volume overload

© 2015 Waters Corporation 25

20 pL injection/0.17 mL = 12%




ACQUITY UPLC Columns Calculator

© 2015 Waters Corporation
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Fle Edt relp
Analytical Factors
) Isocratic Molecular Weight: Colurmn Temper sture: Q
) Gradent 0-100 wloa 5 ]
HC Qustenry) o] From HPLC To UPLC e e
From HPLC ; Lidy = 283571 To UPLL ; Lidy = 29412
Coburmn Length (L) _m 3—- Cobamn Length (L) S0 » |
€ odurvn Dianeter 46 v | wwn Cobumn Diameter: 21 » | mn
Particle Diameter (dp): | 3.5 E - Particle Diameter (dp): | 1.7 3 -
Injection Vohare: | Masariuwm Pressure: 4997 Pt
Dwell volurme: 90 ml Dwell volume: "l
Original Gradient
989 psi
I A %A %8 xC %D Column -
| Time ¢min) | Flow (mljmin) (Aqueous) Acetondrile) (Methanol) (Other) Volumes
1 Initial 1.50 100.0 0.0 0.0 00 --
600 _1.50 100.0 0.0 00 00 a8
20.00 1.50 Y‘SSD 50 00 19.15%
35.00 1.50 850 150 0.0 0.0 20.51 3
| 50.00 150 80.0 200 00 00 2051
51.00 1.50 400 600 00 00 1.37
» 55.00 _1.50 400 600 00 00 547 :
| 56.00 1.50 1000 00 0.0 00 137 ]
60.00 1.50 1000 0.0 00 00 547 {!

26
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Three Method Transfer Scenarios THE SCIENCE OF WHAT'S POSSIBLES

A Scenario 1 : Maximizing Asset Utilization

I Applying existing HPLC methods onto HPLC and ACQUITY
UPLC H-Class systems

I Adapting HPLC methods to different system designs

A Scenario 2 : Transferring a HPLC method to UPLC
systems

I Converting a legacy HPLC method into a UPLC method

A Scenario 3 : Transferring a UPLC method to HPLC
systems

I Taking advantage of UPLC for quickly and efficiently
developing a method

I Transfer this method to labs still equipped with HPLC
systems

© 2015 Waters Corporation 27



Scenario 1 - Maximizing Asset Utilization: Adapting WCI'I'erS
HPLC Methods to Different Systems Design THE SCIENCE OF WHAT'S POSSIBLE.

HPLC Separation on Alliance® HPLC System

Clozapine

XBridge™ Shield RP18
4.6 x 100 mm, 3.5 pm

Future -proofing your lab

Invest in new instrumentation that can run both legacy HPLC
methods and UPLC methods for new projects

Goal
Transfer existing HPLC method to a different LC system
Must compensate for system dwell volume differences

© 2015 Waters Corporation 28



