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Abstract

With the introduction of BioResolve SEC mAb Columns came a newly optimized shipping and storage solvent. 

Five different long-term size-exclusion chromatography (SEC) column storage solvents were investigated using 

BioResolve SEC mAb Columns and the Waters mAb Size Variant Standard. Column performance was monitored 

after one, two, and four months of storage in one of the five tested solutions. Each column’s performance after 

storage was compared to its initial performance. Data directly relevant to the routinely monitored critical quality 

attribute of protein aggregates and self-associated forms (high molecular weight species, HMWS) are shown as 

well as data for the characterization of the ~100 kDa low molecular weight species (LMWS).

The results of this investigation indicate that storage solvents containing a buffer and salt maintained the initial 

column performance better than similar aqueous organic solvents free of buffer and salt. Concerns over storing 

columns in chloride containing buffers are addressed.

Benefits
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Data confirms the non-corrosive nature of the 10% acetonitrile/25 mM sodium phosphate pH 7, 100 mM 

potassium chloride on 316 stainless-steel column frits used in Waters BEH-based SEC columns

■

Results support the use of 10% acetonitrile in 25 mM sodium phosphate pH 7, 100 mM potassium chloride 

over 20% methanol/80% water for long-term column storage

■

Data provides insights into factors influencing SEC column performance after storage■

Introduction

It is well known that the mobile phases used for the characterization of native peptides and proteins in SEC are 

capable of growing microorganisms which can “infect” columns and lead to degradation of a column’s resolving 

power. Furthermore, it is known that these columns infected with microorganisms produce contaminated 

fractions. What might not be appreciated is the fact that the mobile phases used for the characterization of 

native peptides and proteins are well within the pH and salt ranges that enhance bacterial growth.1,2,3

Most SEC column manufacturers use sodium azide as the bacteriostatic agent for the shipping and storage of 

SEC columns. Concentrations between 0.02–0.05% are typically used with the highest recommended 

concentration of 0.1%. Sodium azide at a concentration of 0.05% has been found to be effective as a bactericide 

for many gram-negative bacterial.4 Gram-positive bacteria are more resistant to sodium azide and have been 

found to grow in media containing 1% sodium azide.5 The content of the cited papers and others6,7 indicate that 

there is no silver bullet for preventing microbial growth that would be suitable under SEC conditions. Due to a 

bacteria’s capacity for rapid change via horizontal DNA transfers (plasmids), bacteria find ways to adapt to 

stressors. As one of the earliest examples of this, just four years after the scaled-up production of penicillin 

(1947), the first strains of penicillin resistant Staphylococcus aureus were found. The best recourse against 

damage to SEC columns due to microbial “infection” is prevention. Unlike other modes of column fouling, 

microbial growth can continue even when the stored column is not in use if it does not contain a bacteriostatic 

or cidal reagent.

At the time of this writing, Waters Corporation declines/prohibits the use of sodium azide in any of its 

manufacturing facilities because of the risks associated with its use. Sodium azide is a highly water soluble, 

inorganic salt that is very acutely toxic, RTECS #VY8050000.8 Even small amounts, if swallowed, can be fatal9 

and no known antidotes have been found.10 Mixing sodium azide with acid produces the highly toxic hydrazoic 
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gas and contact with copper, lead, brass, or solder in plumbing systems can lead to the formation and 

accumulation of explosive metal azides.11

For these reasons we have chosen to use 20% methanol/80% water or 10% acetonitrile (ACN) in 25 mM sodium 

phosphate (Na-PO4) pH 7, 100 mM potassium chloride (KCl) as the bacteriostatic solutions for the 

elimination/minimization of microbial growth during SEC column storage. Based on our historical use of these 

solutions12 we believe they are as effective as sodium azide in protecting SEC columns from microbial growth. 

Searches for organic solvent-tolerant (OST) bacteria, useful for remediation purposes, indicate that OST bacteria 

are difficult to find. The successful identification of an acetonitrile tolerant strain found that 10% ACN killed the 

bacteria when in its initial growth phase.6

The goal of SEC column storage protocols is to maintain existing chromatographic performance of a column 

during short term and/or long term intervals of inactivity. Common issues encountered after storage are changes 

in protein retention times, poor recovery of HMWS, and/or loss of the resolving power for the column. The focus 

of this investigation is to provide experimental support for the choice of our new shipping/storage solvent: 10% 

acetonitrile (ACN) in 25 mM Na-PO4 pH 7, 100 mM KCl. 

Changes in protein retention times are typically minor for SEC columns in buffers with pH < 7. Other common 

issues associated with column storage, although not desirable, can typically be mitigated with injections of 

protein samples such as Waters BEH200 SEC Protein Standard Mix (p/n: 186006518 <

https://www.waters.com/nextgen/be/en/shop/standards--reagents/186006518-beh200-sec-protein-standard-

mix.html> ) to re-condition or “re-passivate” the column. The most significant factor contributing to the 

catastrophic failure of a column during storage is microbial growth. This failure mode is not directly addressed in 

this application note, but based on historical use in our laboratories, low concentrations of organic solvents 

effectively mitigate the risk of microbial growth in SEC columns free of gross contamination. The goal of this 

application note is to review the impact of the long-term storage solvents on the performance of BioResolve SEC 

mAb Columns after storage periods of one to four months.

Before proceeding to the long-term storage data, the following provides general guidance for maintaining 

column performance during short-term storage:

Storage under refrigeration (never frozen) can only be successful if column end plugs are tightly installed to 

prevent solvent/buffer evaporation which can cause the precipitation of buffers and/or salts. In addition, the 

introduction of oxygen has been linked to enhancing the growth of microbes.4 Addition of a bacteriostatic 

agent to the storage solvent is highly recommended even in a refrigerator at 4 °C. Refer to your column’s 

■
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instruction manual for guidance on the best short-term storage solvent.

Although many, if not most, size-exclusion chromatography (SEC) sample analyses begin with purging the 

SEC column with high purity sterile water (which remains a good operating step) the amount of water used 

should be limited to less than 10 column volumes (CV). Extensive purging (200 CV) with 100% Milli-Q water 

can result in poor recovery for the high molecular weight species (HMWS). See Figure 1.

■

Never store a SEC column on the LC system, under zero flow conditions, in pH 5–8 buffers without the use of 

a bacteriostatic agent. A single colony forming unit (CFU) can easily multiply into millions provided conditions 

can support the growth when a column is stored.2 Maintaining a low flow on the column is preferable to 

stopping the flow both for the column and the system,13 but only if the mobile phase and system remains 

microbe free.

■

Bacteria are known to produce metabolic products that enhance their ability to survive and/or grow.2,4 

Studies in which bacteria have been “washed” prior to subsequent inoculation have shown that survival is 

less likely in hostile environments.2,4 Maintaining a low flow rate for short periods of time while the column is 

not actively in use on the system may minimize the possibility of a bacterium entering a rapid growth phase. 

This is useful only if the system and mobile phase remains microbe free and is preferable to the short-term 

storage of the column under zero flow conditions without a bacteriostatic agent added to storage solvent.

■
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Figure 1. Effect of extensive purging with Milli-Q water on recovery of HMWS and resolution for LMWS1&2 on 

BioResolve SEC mAb, 200 Å, 2.5 µm, 4.6 x 300 mm Column. One column volume (CV) for the 4.6 x 300 mm 

column is equal to 5 mL. Sample: Waters mAb Size Variant Standard. Conditions given in the experimental 

section. 

Experimental

Sample Description

Waters mAb Size Variant Standard (p/n: 186009429 <

https://www.waters.com/waters/partDetail.htm?partNumber=186009429> ) contains 160 µg of stabilized and 

lyophilized NISTmAb RM8671 which has been supplemented with 2 µg of non-reduced IdeS (Fabricator) 
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digested NISTmAb fragments (F(ab')2 and (Fc/2)2). The lyophilized contents of each vial were solubilized using 

70 µL of Milli-Q water. More information on the Waters mAb Size Variant Standard can be found on waters.com, 

search for 720006811EN <

https://www.waters.com/waters/support.htm?lid=135068415&type=USRM&lset=1&locale=en_US&changedCountry=Y

> .

LC Conditions

Systems: ACQUITY UPLC H-Class Bio

Detectors: Tunable Ultraviolet (TUV) with a 5 mm Ti Flow Cell 

for H-Class Bio

Detection: 280 nm, 10 Hz, fast filter

Vials: Max Recovery Sample Vials (p/n: 186000327C)

Column(s): BioResolve SEC mAb, 200 Å, 2.5 µm, 4.6 x 150 mm 

(p/n: 176004592*)

*Includes column and one complimentary vial of 

mAb Size Variant Standard

Column temp.: 35 °C Active preheater CH-A (H-Class)

Sample temp.: 8 °C

Sample: 2.28 mg/mL Waters mAb Size Variant Standard

Injection volume: 1.8 µL

Flow rate: 0.200 mL/min

10% HPLC-grade methanol/90% 18.2 MΩ water Seal wash:
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v/v (seal wash interval set to 0.5 min)

Sample manager washes: 18.2 MΩ water

Mobile phase A: 50 mM Sodium phosphate pH 7.0, 200 mM KCl

Mobile phase B and C: 18.2 MΩ water

Mobile phase D: 10% Acetonitrile/90% 25 mM sodium phosphate 

pH 7.0 + 100 mM potassium chloride

Syringe draw rate: 30 µL/min

Needle placement: 1.0 mm

Air gaps: None

Data channels: System pressure, room temperature

Mobile phase A: Prepare by mixing 2.66 g of anhydrous dibasic 

sodium phosphate, 4.36 g of monobasic potassium 

phosphate mono hydrate, and 14.91 g of potassium 

chloride per L of water followed by filtration using 

sterile 0.2 µm nylon filter units (filtered mobile 

phase pH 6.9)

Chromatography software: Empower 3, FR 3.0

Results and Discussion
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There is very little literature comparing the effects of various column storage solvents on the performance of SEC 

columns. Only one paper could be found which compared 100% methanol, 10% methanol, and 0.001% sodium 

azide in water as storage solvents.14 The 100% methanol solvent was found to remove peptides that had 

previously been used to condition the examined SEC columns.14 Support for the use of buffers containing sodium 

azide and low organic/water solvent solutions can be found in most SEC column manufacturer’s instruction 

manuals. Unique to the shipping/storage solvent recommended for BioResolve SEC mAb Columns is the 

addition of a buffer plus salt to a 10% acetonitrile solution.

The present study explores the effects of 10% acetonitrile in water or in combinations of buffers with and without 

salt. Concerns over the use of chloride-containing storage solvents are addressed by several corrosion studies. 

Comparisons are made to the previously recommended storage/shipping solvent of 20% methanol in water. The 

five different shipping/storage solvents compared for use with BioResolve SEC mAb, 200 Å, 2.5 µm 4.6 x 150 mm 

Columns are:

A: 10% acetonitrile/90% 25 mM Na-PO4, pH 7.0 with 100 mM KCl

B: 10% acetonitrile/90% 2.5 mM Na-PO4, pH 7.0 with 10 mM KCl

C: 10% acetonitrile/90% 20 mM Na-PO4, pH 6.8

D: 10% acetonitrile/90% Milli-Q water

E: 20% methanol/80% Milli-Q water

In this study, a total of 15 columns were packed and tested using a 50 mM Na-PO4, pH 7.0, 200 mM KCl mobile 

phase with the Waters mAb Size Variant Standard (p/n: 186009429). After the initial testing of all 15 columns, 

sets of three columns were flushed with 10 column volumes (CV) into each of the above five storage solvents. 

After the initial testing of the 15 columns, one column from each storage solvent group was retested after one, 

two, and four months of storage at room temperature.

The Waters mAb Size Variant Standard is supplied with a certificate of analysis for each prepared standard lot. It 

is comprised of the NISTmAb Reference Material (RM) 8671 (a humanized monoclonal antibody) and non-

reduced IdeS digested NISTmAb fragments LMWS2 (~100,000 Da) and LMWS3 (~50,000 Da), two mAb 

fragments with similar molecular weights as the IdeS fragments are endogenous to NIST RM 8671, LMWS1, and 

LMWS4, respectively. An example chromatogram of the Waters mAb Size Variant Standard and the NIST RM 

8671 is shown in Figure 2. More information, see 720006811EN <
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All the investigated storage solvents maintained equivalently unchanged column performance for up to one 

month. Most of the Waters Empower Chromatography Data System parameters monitored during the four month 

study did not show significant changes. Minor changes in retention time for the main peak were observed for all 

solvent groups (<0.2 min). All solvents showed a slight increase in retention which remained steady after two 

months. These slight changes would have likely to of occurred in a shorter period with routine column use.

Figure 2. Separation of mAb aggregates, monomers, and fragments of NISTmAb RM 8671 and Waters mAb Size 

Variant Standard using Waters BioResolve SEC mAb, 200 Å, 2.5 µm, 7.8 x 300 mm Column. LMWS: F(ab’)2 and 

(Fc/2)2 IdeS fragments (orange); Fab/c, Fab, Fc hydrolytic degradation fragments (blue). Conditions: Ambient 

temperature and 0.3 mL/min.   

High Molecular Weight Species

The Empower chromatographic parameters that showed significant changes are shown in Figure 3. The % areas 

for the HMWS continued to decline (Figure 3a) after one month of storage in solvents that did not contain buffer 

and/or salt. The dimer-main peak resolution (USP Resolution at Half-Height, USP Res. HH) also continued to 

decrease over time in these buffer/salt free solvents. Of interest is the contrast illustrated by the use of 10% 

acetonitrile in water versus the 10% acetonitrile with buffer and salt (Figure 4). The 10% acetonitrile in water 
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showed the largest loss of the HMWS at four months. This is consistent with a previous study (data not shown) 

that found purging a column with larger amounts (>10 CV) of 20% methanol/80% water showed a similar effect. 

We did not select methanol as the antimicrobial agent for the BioResolve SEC mAb Column storage solvent due 

to the impact of unknown low-level impurities in methanol that in the past negatively impacted column 

performance.

Figure 3. Effect of selected storage solvents on BioResolve SEC mAb, 4.6 x 150 mm Column performance using 

Waters mAb Size Variant Standard: a) %HMWS, b) USP Resolution at half height, c) %LMWS1&2, and d) Start 

p/v for LMWS1&2. Conditions given in the experimental section. 
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Figure 4. Chromatographic comparison of Waters mAb Size Variant Standard on BioResolve SEC 

mAb, 200 Å, 2.5 µm, 4.6 x 150 mm Columns initial and after four months storage in a) 10% 

acetonitrile/90% 25 mM Na-PO4 pH 7, 100 mM KCl and b) 10% acetonitrile/90% water. Conditions 

given in the experimental section. 

Low Molecular Weight Species

Figures 3c and 3d show the impact of the storage solvent on the % area for LMWS1&2 and its resolution from 

the main peak. The LMWS1&2 % area increases as a result of decreasing resolution from the main peak. It has 

been observed that as resolution decreases the % area for LMWS1&2 increases due to the increasing addition of 

main peak area. This resolution was monitored using the Empower parameter: start peak to valley heights (start 

p/v) for LMWS1&2 because the more typically used resolution parameter (USP Res. HH) could not be calculated. 

Again, the storage solvents that did not contain buffer plus salt did not maintain the column’s initial start p/v 

after a storage period of about two months.  

Corrosion Studies

Stainless steel (SS) is a specialized group of steel alloys designed to resist corrosion. All steel components in the 

fluid path of Waters SEC columns are austenitic 316 SS. This steel is designed to be corrosion resistant. 

Corrosion of stainless steel in aqueous solutions is a function of pH, halide (chloride) and/or sulfide 

concentration, and temperature. The corrosion rate of SS is enhanced by lower pHs, increased chloride 

concentrations, and higher temperatures. Working with the chloride salt containing buffers used in SEC brings 

up concerns of rusting for SS parts. Rust (iron oxide) forms as an oxidation product of iron. Iron combines with 

water and oxygen to form the insoluble reddish-brown ferric hydroxide oxide.
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We are all familiar with the risk of rust formation in LC systems as well as columns with the use hydrochloric acid 

(HCl). HCl is frequently used to facilitate aggressive ranking of various types of steel for pitting corrosion. Its 

aggressive nature is blamed on the combined effects of the acidic environment as well as the chloride ion. The 

corrosion situation is quite different when the pH is in the range used during SEC (pH 5–8) as is the case for all 

five of the storage solvents tested. This is thanks to metal oxide/hydroxide layers that are maintained on the 

metal surface, protecting it from attack. These layers are more readily dissolved under acidic conditions.

Based on extensive experience, the most frequent site for rust formation in columns is the frits. This is due to the 

higher surface area present compared the column tube wall in addition to the higher oxygen levels at the column 

inlets and outlets. Other sources of contamination such as microbes, catalysts, or other metals can also 

accelerate corrosion. In order to check for evidence of frit rusting, all the columns were opened and examined for 

rust after four months storage in the different storage solvents. None of the storage solutions caused rusting 

during the four months of storage at ambient temperatures.

Although ASTM G48 is one of the most common standard tests used to rank various metals for corrosion, it relies 

on conditions (the very acidic ferric chloride solution) that are dissimilar from those required to monitor corrosion 

under SEC conditions. To assess rusting under our test conditions, frit “soaking” experiments were conducted 

using:

10% acetonitrile/90% 25 mM Na-PO4, pH 7.0 with 100 mM KCl1. 

10% acetonitrile/90% 2.5 mM Na-PO4, pH 7.0 with 10 mM KCl2. 

10% acetonitrile/90% 0.25 mM Na-PO4, pH 7.0 with 1 mM KCl3. 

10% acetonitrile/90% Milli-Q water4. 

In this second experiment, 10 mL of each of the above solutions was added to 20 mL scintillation vials. Each 

solution was set up in duplicate with four, 0.2 µm 316 SS frits. The capped vials were sonicated for 5 min then 

aged at ambient temperature or 60 °C. The vials were checked under a microscope periodically for seven weeks. 

During this time period there was no evidence of rust formation even at 60 °C. After the seven weeks, all the vials 

were maintained at ambient temperature for nine months and still no signs of rust formation were detected.

In the third experiment, ASTM B895 was used. The ASTM B895 test is specifically designed to test porous 

stainless-steel samples. It consists of soaking porous stainless steel (SS) in 5% NaCl (855 mM) until corrosion 

occurs. The test was made more aggressive by soaking the frits in an oven at 60 °C. Our SS frits were tested 
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along with other porous materials. After seven weeks submerged in the 5% NaCl the other materials showed a 

significant amount of rust while our SS frits remained rust-free.

Conclusion

The choice of acetonitrile as the co-solvent in the shipping/storage solvent was based at least in part on its cell 

toxicity profile as shown by its efficacy in killing an extremophile bacterial strain at 10% acetonitrile.6 Only 

storage solvents that contained buffer plus salt maintained the initial performance of the BioResolve SEC mAb 

Columns. The storage solution that performed the best was the 10% acetonitrile/90% 25 mM sodium phosphate 

pH 7, 100 mM KCl. The more dilute version of this buffer gave very similar performance suggesting that there is 

range of buffers plus salt that can be useful as storage solvents. It is noteworthy to mention that the column 

containing only buffer in 10% acetonitrile (no salt) maintained its performance for the HMWS but showed 

degradation in the main peak/LMWS1&2 resolution. In contrast, the 10% acetonitrile in water showed a 66% loss 

in HMWS % area, with a 44% decrease in the USP resolution at half height between the dimer and monomer, 

and a 26% increase in the LMWS1&2 % area that resulted from a 22% decrease in the start p/v resolution. The 

20% MeOH/80% water solvent showed similar changes to those of the 10% ACN/90% water but to a lesser 

degree.

Corrosion testing of the column frits further confirmed the non-corrosive nature of the selected storage solvent. 

This study suggests that the use of a buffer plus salt environment helps maintain the initial column performance 

after long-term storage with the use of 10% acetonitrile as the bacteriostatic agent.
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