
Chromatography Column Protection with LifeASSURE™ PLA Series Filters

Introduction

Pro tec tive, or guard fil ters are often used in chro ma tog ra -
phy col umn puri fi ca tion steps to pro tect the col umn media
from con tam i nants in the var i ous flu ids that come in con -
tact with the col umn.  These flu ids include not only the
prod uct being puri fied, but also the buffer solu tion used to
elute the col umn, as well as rinse water and regen er a tion
and Clean-in-Place (CIP) chem i cals.  All these flu ids, if not 
clean, can result in poor col umn effi ciency, chan nel ing of
the media, block age of the inlet frit, or bac te rial con tam i na -
tion of the col umn.

This Appli ca tion Brief dis cusses an alter na tive chro ma tog -
ra phy col umn pro tec tion fil ter, LifeASSURE™ PLA series
fil ter, that:

1.  Provides extremely high retention of 
Brevundimonas diminuta (B. diminuta), the test 
organism used to validate retention of
membrane filters, and

2.  Is compatible with CIP chemicals such as
sodium hydroxide.

Fre quently, the phar ma ceu ti cal and bioprocess indus tries have employed ster il iz ing grade 0.20 µm rated
fil ters for chro ma tog ra phy col umn pro tec tion.  Sterilizing grade fil ters, such as LifeASSURE™ 020SP
series fil ter cartridges, are those that meet the FDA def i ni tion and have been qual i fied for com plete
reten tion of a test organ ism, B. diminuta, at a min i mum con cen tra tion of 107 CFU/cm2 of mem brane sur -
face area, as described in the Amer i can Soci ety of Test ing and Mate ri als (ASTM#F838-83) meth od ol -
ogy for ster il iz ing grade mem brane fil ters.  This style of fil ter was devel oped for use in final ster ile
fil tra tion of drug prod ucts prior to pack ag ing, where abso lute ste ril ity is man da tory.

How ever, their use as a pro tec tive fil ter in a chro ma tog ra phy col umn oper a tion is argu ably unwar ranted
and costly, since flu ids com ing into con tact with the chro ma tog ra phy col umn typ i cally have no, or very
low, lev els of bioburden, and the col umn itself is upstream of final ster il iz ing grade fil tra tion located
fur ther down stream in the pro cess.  The major ity of chro ma tog ra phy col umn man u fac tur ers agree that
ster il iz ing grade mem brane fil ters are not required to pro tect the col umn, as long as the col umn is ade -
quately pro tected from par tic u late, cell debris, and bac te ria.  

Addi tion ally, many ster il iz ing grade mem brane fil ters are made of poly mers, namely polyvinylidene
flu o ride (PVDF), that are not com pat i ble with chem i cals typ i cally used to regen er ate
chro ma tog ra phy col umns, such as sodium hydrox ide.  This forces the oper a tor to bypass 
the fil ter while regen er at ing the col umn, add ing com plex ity and cost to the sys tem.
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The Process: Chromatography Column Protection

A puri fi ca tion pro cess typ i cally has between one to four dif fer ent chro ma tog ra phy steps, each using dif -
fer ent chro ma tog ra phy media and tar get ing a dif fer ent sep a ra tion goal.  Each step must be pro tected from
impu ri ties in the pro cess itself, impu ri ties and bioburden in the buffer solu tions, and impu ri ties in the
Clean-in-Place (CIP) solu tions.  In many cases, this pro cess sche matic may be sim pli fied by allow ing
buff ers and CIP solu tions to share the same line.  This reduces the num ber of lines enter ing the col umn,
but care must be taken to ensure that the fil ter selected is com pat i ble with both the buffer and the CIP
solu tion.

The Problem: Chromatography Column Fouling

Chro ma tog ra phy col umns are an expen sive and nec es sary sep a ra tion step for many bioprocess agents.  As
such, great care is exer cised in max i miz ing their per for mance. 

Typ i cal con tam i nat ing agents that can dam age col umn per for mance include the fol low ing:

! Lipids, DNA, and viruses from fermentation processes 

! Bacteria or other bioburden in the process fluid, elution, or buffer solutions 

! Particles or other undissolved materials in product, buffer or CIP solutions 

! Endotoxins in rinsing water 

These impu ri ties can result in poor col umn effi ciency, chan nel ing of the media, block age of the inlet fritt,
or bac te rial con tam i na tion of the col umn. A worst case sce nario could involve repro cess ing of a batch,
result ing in inor di nate pro cess costs and poten tial com pro mise of the val i da tion pro cess in the eyes of reg -
u la tory agen cies.

The 3M Purification Inc. Solution

LifeASSURE™ PLA series fil ters pro vide excep tional bioburden and par tic u late con trol as well as high
resis tance to most sodium hydrox ide regen er a tion solu tions com monly used to regen er ate chro ma tog ra phy 
col umns.

The LifeASSURE PLA series fil ters incor po rate 3M Puri fi ca tion Inc.’s advanced multi-zone microporous
mem brane tech nol ogy.  As the SEM photo of the LifeASSURE PLA series mem brane cross sec tion dem -
on strates (Fig ure 1.),  the mem brane is con structed with a sin gle layer of mem brane con sist ing of an
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“open” zone on the upstream side of the mem brane and a
“tighter” zone on the down stream side.  In effect, the
upstream zone acts as a prefilter, cap tur ing larger par ti cles 
and bac te ria, while the tighter down stream zone pro vides
reten tion of smaller par ti cles and bac te ria.  This
multi-zone struc ture results in greater con tam i nant capac -
ity, while main tain ing fast flow rates.  The com bi na tion
pro vides the end-user with the secu rity and reli abil ity of
con sis tently high bac te ria removal along with the
enhanced eco nom ics of lon ger last ing, faster flow ing fil ter 
assem blies than com pet i tive products.

Two par tic u lar areas were inves ti gated in rela tion to the
suit abil ity of LifeASSURE™ PLA series fil ters for pro -
tect ing chro ma tog ra phy col umns.  First, typ i cal micro or -
gan ism retention data were gen er ated.  Addi tion ally, exper i ments were con ducted to deter mine the effect
of expo sure to sodium hydrox ide on the bac te ria reten tive qual i ties of the fil ter.

Microorganism Retention
To eval u ate the effi ciency of submicron fil ters, bac te rial
reten tion stud ies are often per formed.  Bac te ria reten tion
stud ies are not only extremely sen si tive indi ca tors of effi -
ciency, they also address the pri mary need in 
biopharmaceutical fil tra tion appli ca tions, namely,
bioburden con trol.  Bac te ria reten tion stud ies were con -
ducted using the test sys tem shown in Fig ure 2.  Bac te ria
reten tion test ing of submicron fil ters has been well
described.  Essen tially, a monodispersed solu tion of a
known bac te ria is used to chal lenge the test fil ter.  The test 
fil ter fil trate is mon i tored by pas sage through an anal y sis
mem brane fil ter disc which is sub se quently incu bated for
enu mer a tion of bac te rial col o nies.  A com par i son of the
num ber of influ ent bac te ria to the num ber of bac te ria in
the fil trate is made.  The com par i son is often expressed
logarithmically accord ing to the for mula: Log Reduc tion
Value (LRV) = log10 (num ber of bac te ria enter ing the fil -
ter/num ber of bac te ria exit ing the fil ter).

In tests con ducted with B. diminuta (con sid ered one of the 

small est bac te ria), LifeASSURE PLA020 (0.20 µm) and

PLA045 (0.45 µm) grade fil ter car tridges exhib ited aver -
age log reduc tion val ues depicted in Table 1.

For fur ther details regard ing this test, please refer to the 3M Puri fi ca tion Inc. Reg u la tory Sup port File for
LifeASSURE PLA series fil ters, lit er a ture num ber 70-0201-8821-8.

To dem on strate this high level of micro or gan ism reduc tion, con sider the fol low ing exam ple:

A buffer used to rinse a chro ma tog ra phy col umn has a spec i fi ca tion of less than 10 CFU/ml, or 10,000
CFU/liter.  The typ i cal vol ume used of this buffer is 10,000 liters.  There fore, in a worst case sce nario, the 
max i mum bioburden pre sented to a fil ter would be 1 x 108 CFU (10,000 CFU/liter x 10,000 liters).   If a
sin gle 10" long LifeASSURE PLA series fil ter was employed to fil ter this buffer, with a sur face area of
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Figure 1 - LifeASSURE™ PLA Membrane 
Cross-Section

Table 1 -  Log Reduction Values 

Filter  LRV

LifeASSURE™ PLA020 7.3

LifeASSURE™ PLA045 3.5
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Figure 2 - Bacteria Retention Test Stand



approx i mately 10,000 cm2, then the “chal lenge” to the fil ter would be the total bioburden divided by the
sur face area of the fil ter (1 x 108 CFU/10,000 cm2) or 1 x 104 CFU/cm2.

Since LifeASSURE™ PLA020 series fil ter cartridges typ i cally pro vide an LRV in excess of 7, the fol -
low ing equa tion can be employed to deter mine the prob a bil ity of bac te ria pas sage into the fil trate: chal -
lenge con cen tra tion/typ i cal reduc tion, or (1 x 104 CFU/cm2 / 1 x 107 CFU/cm2) with a result of 0.001
CFU/cm2.  In this worst case sce nario, this is the num ber of organ isms expected, sta tis ti cally, to pass a
LifeASSURE PLA020 series fil ter car tridge in 10,000 liters of buffer.

Even though this prob a bil ity is remote as depicted, the assump tions used in the above illus tra tion are
“worst case” mak ing the prob a bil ity of bac te ria pas sage even less prob a ble.  For instance, the test organ -

ism, B. diminuta, at 0.3 µm-0.4 µm x 0.6 µm -1.0 µm, is smaller than almost all bac te ria and there fore
more dif fi cult to retain than those found in actual buffer solu tions.  Addi tion ally, the bac te rial load of
the buffer is rel a tively high and not likely, in oper a tion, to con tain such a high level of bac te ria.  In fact,
many solu tions, espe cially regen er a tion or CIP solu tions, are toxic to bac te ria and are essen tially ster ile
in the con cen tra tions employed.

The Effect of Sodium Hydroxide Exposure on Microorganism Retention
Sodium hydrox ide is a com mon regen er a tion and san i ta tion agent for chro ma tog ra phy col umns.  As
noted ear lier, many fil ters, par tic u larly those made with hydro philic polyvinylidene flu o ride (PVDF)
such as the Millipore Durapore®, are not com pat i ble with sodium hydrox ide and must be bypassed when 
the col umn is regen er ated and san i tized. This adds addi tional com plex ity and cost to the sys tem.

In the fol low ing study, the effect of sodium hydrox ide on the micro or gan ism reten tive abil ity of the
LifeASSURE PLA series fil ter was exam ined.

LifeASSURE PLA series fil ters were soaked in a 2.5% solu tion of NaOH at 60° C in 5 hour test cycles.
At the end of a test cycle, each car tridge was removed from the test solu tion and flushed with cold water 
for five (5) min utes at a flow rate of 1 - 1.5 gpm.  At the end of the cold water flush, each car tridge was
integ rity tested and then sub jected to the next test cycle.  The integ rity test employed, the For ward Flow 
Integ rity Test or FFIT, is a non-destruc tive method to deter mine integ rity of the fil ter. 

As the data in Table 2 show, the LifeASSURE PLA series fil ters remained inte gral through 50 hours of
cycli cal expo sure.

Table 2 -  Integrity Test Results LifeASSURE™ PLA series filters Compatibility with Hot Caustic

LifeASSURE™
Cartridge

Grade
Sample Identification

FFIT Values (cc/min)

Initial
5

Hours
10

Hours
15

Hours
20

Hours
25

Hours
30

Hours
35

Hours
40

Hours
45

Hours
50

Hours

PLA020 98G111-03-0090 1.8 1.8 1.7 2.1 1.5 1.8 1.8 1.9 2.4 2.3 1.9

PLA045 98H028-07-0089 1.1 1.9 1.1 1.5 0.9 1.2 1.5 1.8 1.7 1.5 1.7

PLA065 98F090-04-0142 1.0 1.2 1.3 1.4 0.9 1.5 1.4 1.6 1.5 0.8 1.3

PLA080 98G103-02-0307 0.5 0.8 0.9 1.0 0.7 1.2 0.8 1.2 0.9 0.3 1.0

Addi tion ally, LifeASSURE PLA series fil ters were soaked for three days (72 hours) in a 1.5 M solu tion

of NaOH at ambi ent tem per a ture.  After soak ing, each car tridge was flushed with 30 gal lons of 18 MΩ
water at 3 GPM.  After flush ing, each car tridge was sub jected to a FFIT.  
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As the data in Table 3 show, the LifeASSURE™ PLA series fil ters remained inte gral through 72 hours
of con stant expo sure. 

Table 3 -  Integrity Test Results LifeASSURE™ PLA series filters 72 Hour Compatibility with Ambient Temperature Caustic

Cartridge Sample Identification Initial FFIT (cc/min) Pre-Challenge FFIT (cc/min) Post-Challenge FFIT (cc/min)

PLA020

00D033-08-0570 1.8 3.2 5.0

00D033-08-0559 1.8 2.8 6.6

00D033-08-0562 1.8 2.6 2.8

Lastly, each fil ter car tridge from Table 3 was chal lenged with 10 liters of a B. diminuta cul ture (min i -
mum chal lenge con cen tra tion of 1.0 x 107 CFU/ml) at a flow rate of 5.0 GPM.

Table 4 -  Brevundimonas diminuta Retention Results

Cartridge Sample
Identification

Flow Rate
(GPM)

Total Number of Organisms
in Challenge (CFU)

Total Number of Organisms per 
cm2 (CFU/cm2) LRV

PLA020

00D033-08-0570* 5.8 3.0 x 1011 2.8 x 107 7.2

00D033-08-0559 5.8 2.9 x 1011 2.7 x 107 7.4

00D033-08-0562 4.1 2.2 x 1011 2.1 x 107 7.5

* = Control

The data in Tables 2, 3, and 4 dem on strate that the LifeASSURE PLA series fil ter retains its high level
of micro or gan ism reten tion even after expo sure to sodium hydrox ide.

LifeASSURE PLA series fil ters, while pro vid ing con sis tent log reduc tion val ues of 7 at con cen tra tions
far and above those seen in actual pro cess con di tions, typ i cally cost 20-50% less than com pa ra ble “val i -
dated” ster il iz ing grade fil ters on a per unit basis.  Fur ther more, LifeASSURE PLA series fil ters pro vide 
a supe rior flux rate (flow per unit area), often twice as fast as com pet i tive fil ter cartridges, as seen in
Table 4.

Flow Rates and Sys tem Siz ing Com par i sons

Table 5 - Flux Rate (flow per unit area) Comparison

Filter Cartridge Part Number Published Flow Rate @ 1 psid

3M Purification Inc. LifeASSURE™ PLA series filters PLA020B01BA 2 GPM

Millipore Durapore® CVGL01TP3 1 GPM*

*Flow rates are from published product literature

When con struct ing a fil ter sys tem, the higher flux rate of the LifeASSURE PLA series fil ter allows an
oper a tor to spec ify a smaller fil ter hous ing and fewer fil ters to pro vide a given flow rate com pared to
other, lower flux rate fil ters, thereby sav ing addi tional hard ware and oper a tional costs. As a means of
dem on strat ing the cost sav ings, con sider a sys tem design requir ing a fil ter to pro tect a chro ma tog ra phy
col umn with a max i mum flow rate of 6 GPM at a 1 psid clean pres sure drop.  This sys tem would require 
only a sin gle 30" LifeASSURE PLA series fil ter.  How ever, if the sys tem used Millipore Durapore® fil -
ters, it would require two 30" fil ters (or more com monly, three 20" fil ter cartridgess) to pro vide the same 
flow rate at 1 psid.  The eco nomic impact of this would include the fol low ing costs: a larger fil ter hous -
ing, more fil ter car tridges, cost lier fil ter car tridge  dis posal, greater expo sure of fil ter mate ri als to prod -
uct and buff ers, and greater CIP dura tion, flu ids, and vol umes.

Chromatography Protection - Special Circumstances

Under some pro cess ing cir cum stances, the user may wish to select a fil ter spe cially designed to address

a par tic u lar con cern fac ing the chro ma tog ra phy col umn.  The fol low ing 3M Puri fi ca tion Inc. fil ters can

address these spe cific needs.
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Lipid Removal

The ini tial stage of chro ma tog ra phy col umn puri fi ca tion can be

fouled by lipids released in the fer men ta tion broth.  3M Puri fi ca -

tion Inc. devel oped Zeta Plus™ DEL series depth fil ters to pro -

tect pro cess equip ment from lipids. Zeta Plus depth fil ters have

long been employed in the Bioprocess indus try in post-fer men ta -

tion clar i fi ca tion and con tain a matrix of inert cel lu lose and fil ter 

aids bound with an adsorp tive resin. The Zeta Plus DEL series

also con tains a mate rial with strong affin ity to lipids, allow ing

for adsorp tion dur ing the fil tra tion run.  Fil ter for mats range

from small scale cap sules (Fig ure 3) to full pro duc tion size car -

tridges (Fig ure 4) allow ing for easy scale-up from bench-top to

full pro duc tion.  Refer to 3M Puri fi ca tion Inc. doc u ment num ber

70-0201-8854-9, Zeta Plus DEL Series Filters,  for addi tional

infor ma tion.

Endotoxin Removal

For extra pro tec tion and to reduce endotoxin enter ing the col -

umn, pos i tively charge-mod i fied fil ters are used (Fig ure 5).  3M

Puri fi ca tion Inc. LifeASSURE™ 020SP, 0.20µm ster il iz ing

grade mem brane fil ter car tridges were designed to remove
endotoxin from water.  The Nylon 6,6 mem brane sur face is

chem i cally mod i fied to pro vide enhanced removal of neg a tively

charged mol e cules such as endotoxin.  Addi tion ally, this fil ter is

val i dated to pro vide ster ile fil tra tion.  Refer to 3M Puri fi ca tion

Inc. lit er a ture num ber 70-0201-8738-4, LifeASSURE SP Series

Fil ters, for addi tional infor ma tion.

Pleated Polypropylene Filters

In instances where chem i cal com pat i bil ity requires the use of

all-poly propy lene fil ters, the 3M Puri fi ca tion PolyPro™ XL

series fil ters are employed.  These pleated poly propy lene fil ters

offer excep tion ally high flow rates due to their spe cial pleat ing

con struc tion, and are avail able in cap sules, min-car tridges and

full size car tridges with reten tion rat ings from 0.20 µm to 10

µm.  Refer to 3M Puri fi ca tion Inc. lit er a ture num ber

70-0202-1001-2 PolyPro XL Series Fil ters for Phar ma ceu ti cal

& Bio log i cal Appli ca tions, for addi tional infor ma tion.

Conclusion and Summary

Chro ma tog ra phy col umns should be pro tected against con tam i -
na tion from par tic u late, cell debris, bac te ria and other mate ri als
that can foul the col umn, cause chan nel ing of the media, or
block the inlet fritt, thereby reduc ing the col umn effi ciency and
reli abil ity.
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Figure 5. - Pleated Filter Cartridges, 
Mini-Cartridges, and Capsules 

Figure 4 - Zeta Plus™ Depth Filter Cartridges 
   and Housings

Figure 3 - Zeta Plus™ BC Capsule Filters



This Cus tomer Appli ca tion Brief describes the ben e fits of using LifeASSURE PLA series fil ters to pro -
tect chro ma tog ra phy col umns. LifeASSURE PLA series fil ters pro vide excep tion ally high micro or gan -
ism reten tion, even after expo sure to sodium hydrox ide, result ing reli able fil tra tion per for mance.
Addi tion ally, the high flux rate pro vided by the unique design of LifeASSURE PLA series fil ter allows
the end user to con struct smaller, less costly fil ter sys tems com pared to alter na tive fil ters.
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Im por tant No tice:  
The in for ma tion de scribed in this lit er a ture is ac cu rate to the best of our knowl edge. A va ri ety of fac tors, how ever, can af -
fect the per for mance of the Prod uct(s) in a par tic u lar ap pli ca tion, some of which are uniquely within your knowl edge and
con trol. INFORMATION IS SUPPLIED UPON THE CONDITION THAT THE PERSONS RECEIVING THE
SAME WILL MAKE THEIR OWN DETERMINATION AS TO ITS SUITABILITY FOR THEIR USE.  IN NO
EVENT WILL 3M PURIFICATION INC. BE RESPONSIBLE FOR DAMAGES OF ANY NATURE
WHATSOEVER RESULTING FROM THE USE OF OR RELIANCE UPON INFORMATION.

It is your respon si bil ity to deter mine if addi tional test ing or infor ma tion is required and if this prod uct is fit for a par tic u -
lar pur pose and suit able in your spe cific appli ca tion. 

3M PURI FI CA TION INC. MAKES NO REP RE SEN TA TIONS OR WAR RAN TIES, EITHER EXPRESS OR
IMPLIED INCLUD ING WITH OUT LIM I TA TION ANY WAR RAN TIES OF MER CHANT ABIL ITY, FIT NESS
FOR A PAR TIC U LAR PUR POSE OR OF ANY OTHER NATURE HERE UN DER WITH RESPECT TO
INFOR MA TION OR THE PROD UCT TO WHICH INFOR MA TION REFERS

Lim i ta tion of Li a bil ity:  
3M Pu ri fi ca tion Inc. will not be li a ble for any loss or dam age aris ing from the use of the Prod uct(s), whether di rect, in di rect, spe cial, in ci den tal, or con -
se quen tial, re gard less of the le gal the ory as serted, in clud ing war ranty, con tract, neg li gence or strict li a bil ity. Some states do not al low the ex clu sion or
lim i ta tion of in ci den tal or con se quen tial dam ages, so the above lim i ta tion may not ap ply to you.


