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Implementing Single-Use 
Technology in Biopharmaceutical 
Manufacturing
An Approach to Extractables/Leachables Studies, 
Part One — Connectors and Filters

by Weibing Ding and Jerold Martin 

FOCUS ON...         DISpOSaBleS

I n biopharmaceutical 
manufacturing, single-use 
components and systems can offer 
distinct advantages over reusable, 

cleanable systems. Deciding whether 
to move to a single-use approach, 
however, depends on many factors. In 
a recent review of biomanufacturers 
and CMOs, the risk of leachable 
materials entering drug products was 
highest on a list of end-user concerns, 
as shown in Figure 1 (1). That’s not 
surprising in view of the high organic 
polymer content of disposable 
components, a general inexperience 
with such polymeric materials in 
process contact, and the need to 
ensure that safety and regulatory 
requirements are satisfied. 

For example, the US FDA’s GMP 
requirements for finished 
pharmaceuticals states, “Equipment 
shall be constructed so that surfaces 
that contact components, in-process 
materials, or drug products shall not 
be reactive, additive, or absorptive so 
as to alter the safety, identity, 
strength, quality, or purity of the drug 
product beyond the official or other 
established requirements” (2). The task 
of assessing leachable materials in 
process f luids may appear to be very 
difficult and demanding, especially 
for multicomponent polymeric systems 

containing f lexible containers, tubing, 
filter capsules, connectors, and so on. 
Furthermore, individual components 
may be supplied by different vendors 
and also may have diverse materials of 
construction. 

Detailed information on 
extractable or leachable compounds, 
however, can be discovered through 
the use of sophisticated analytical 
equipment. In addition, recent 
industry recommendations have been 
issued on disposable manufacturing 
systems to facilitate validation. For 
example, the Bio-Process Systems 
Alliance (BPSA) offered detailed 
recommendations to assist end-users 
in risk assessment of specific products 
and process systems as well as testing 
programs (3, 4). 

Those recommendations define 
clearly the distinction between 
extractables testing and leachables 
testing. Extractables are compounds 
that can migrate from a material into 
a model solvent under exaggerated 
test conditions. Leachables are 
compounds that are shown to migrate 
into a drug product in final-dosage 
containers under normal process 
conditions. Their quantities are 
typically a relatively small proportion 
of total extractables. Extractables 
studies can show the potential for a 

material to release leachables into a 
drug product or process f luid. Such 
data provide an important platform 
on which decisions can be made 
regarding the need for or extent of 
leachable substances testing in 
process f luids or final drug 
formulations and dosage containers. 
Furthermore, because extractables 
data are usually generic and involve 
model solvents, they can be made 
available by suppliers to end users for 
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incorporation into users’ own test 
program assessments and regulatory 
submissions. 

This first installment of a series on 
components and single-use systems 
describes supplier-generated 
extractables testing of two individual 
components typically used in 
integrated single-use systems. The 
significance of these studies is 
discussed here with regard to risk 
analysis and links between 
extractables and potential leachables 
in final formulation containers. 

TesT sysTems and meThods

For these studies, we specifically 
selected two single-use components 
with widely different features to 
demonstrate differences in the 
quantity and identity of extractable 
substances. It also makes clear the 
wide range of available analytical 
techniques that enable identification 
of individual compounds today.

Sterile Connector: Two-piece 
connectors are used with disposable 
systems for making sterile connections 
between two sterile pathways. Once a 
connection is complete, only one 
material (polycarbonate) comes into 
contact with the process f luid, and it 
has a very low product-contact area 
(~44 cm2). 

Capsule Filter: The filter capsule we 
tested incorporates a 0.2-µm 
sterilizing-grade membrane filter with 
two major materials that come into 
contact with process f luid: 
polypropylene for the filter element 
and capsule shell and polyvinylidene 
f luoride (PVDF) for the membrane, 
which is surface-modified using a 
hydrophilic acrylate copolymer. The 
filter has a very high membrane area 
of 1,500 cm2.

Figure 2 shows test systems for 
extractables. Table 1 lists product and 
test parameters. Duplicate tests were 
performed on each product. The 
model solvent for dilute aqueous 
solutions was water, and ethanol 
represented general organic f luids. 
Test conditions represented a worst 
case for most biopharmaceutical 
applications. Pretreatment with 
gamma irradiation (50 kGy) also 
represented an extreme limit of 

Table 1: product and test parameters for extractables studies

Sterile  Connector Capsule Filter
Liquid contact materials Polycarbonate Membrane: PVDF surface-modified 

with hydrophilic acrylate copolymer
Support an drainage: Nonwoven 
polypropylene
Capsule shell/filter hardware:  
Polypropylene

Contact surface area Approximately 44 cm2 Membrane: 1,500 cm2

Filter hardware: 500 cm2

Extraction volume 1.5 L 1.5 L

Extracting fluid Deionized water at 21°C; 18 megohm-cm resistivity; ethanol at 
21°C

Extraction system Pumped recirculating liquid; PTFE pump and tubing

Extraction time Deionized water for 24 hours; ethanol for four hours 

Product pretreatment Gamma irradiation at 50 kGy

Figure 1: Factors restricting use of disposable systems (1) 

Leachables and extractables
are a concern.

We have already invested in 
equipment for our current system.

There is a lack of disposable equipment
that meets process requirements.

We have already invested in 
validation for our current system.

We do not want to become vendor-
dependent (single-source issues).

For regulatory reasons, we can’t 
change our current systems.

Breakage of bags and loss of 
production material is a concern.

There are no lifetime operating cost 
data on the di�erences between 

stainless steel and disposables.

No scienti�c evidence exists 
yet to justify the change.

Because disposable processes will need 
to be validated, there’s no bene�t.
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Figure 2: Test systems for extractables 
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radiation dose used for product 
sterilization of disposable products 
and systems. For both f luids and 
product types, a negative control 
study was performed using a 
recirculating system with a 
polytetraf luoroethylene (PTFE) 
pump and tubing but with no product 
in the line.

Analytical Methods: We used 13 
different analytical methods to assess 
the quantity and nature of the various 
chemical species typically associated 
with these plastic components. As 
Table 2 shows, most methods were 
applicable to both water and ethanol 
extracts, but four were specific to 
aqueous extractables. 

ResulTs

Sterile Connector Studies: Because of 
the small size and low fluid-contact 
area of the sterile connectors, we 
incorporated four in series into the 
recirculation loop to ensure detection 
of extractable components within the 
sensitivity limits of the analytical 
methodologies we used. The study was 
performed in duplicate. Because of 
space restrictions, we can’t report here 
the detailed results in full (information 
available from Pall Life Sciences on 
request). However, Table 3 summarizes 
the most significant results in a 
concise, simplified form to show 
qualitative and quantitative data for 
extractable substances under 
exaggerated test conditions. We 
obtained pH and conductivity values 
from extracts of four connectors. Other 
values from each individual connector 
were obtained by dividing by 4 the 
results from a set of four connectors. 

The data in Table 3 show that 
combined nonvolatile residues (NVRs) 
from four sterile connectors were below 
the limit of quantification, giving results 
similar to the negative controls. The 
contribution to TOC, pH change, and 
conductivity was minimal. With ion 
chromatography, formate and acetate 
from connector extracts were below 
detectable limits. Water and ethanol 
extracts analyzed further by high-
sensitivity gas chromatography (for 
volatile and semivolatile extractables) 
and high-performance liquid 
chromatography (HPLC) methods 
showed no differences between the test 
and control extracts, even after 10- to 
50-fold concentration of some samples.

And analysis for 19 elements by 
inductively coupled plasma mass 
spectrometry (ICPMS ICP/MS) 
showed that 15 metals were below 
detection limits. Only boron, calcium, 
sodium, and zinc were higher than 
detection limits (but less than 1.1 ppb) 
from one connector-based extract.

Table 2: analytical methods used for assessing extractables

Analytical Method                                                                       Water Extract         Ethanol Extract
Total organic carbon (TOC) analysis √
pH analysis √
Conductivity analysis √
Ion chromatography (IC) √
Nonvolatile residue (NVR) analysis √ √
Fourier-transform infrared (FTIR) spectroscopy √ √
Ultraviolet (UV) spectrometry √ √
Direct-injection gas chromatography with mass 
spectrometric detection (GC/MS) √ √
Headspace GC/MS √ √
Derivatization GC/MS √ √
High-performance liquid chromatography with 
ultraviolet detection (HPLC/UV) √ √
Liquid chromatography with mass spectrometric 
detection (LC/MS and LC/MS/MS) √ √
Inductively coupled plasma mass spectrometry (ICP/MS) √ √

Table 4: Nonvolatile residues (NVR) from 
capsule filters

Samples NVR
Water extract 4.1–6.8 mg1

Ethanol extract 50.8–60.9 mg2

1 After subtraction of negative control (0.3 mg)  
2 After subtraction of negative control (0.6 mg)

Table 3: Results of extractables studies on sterile connectors (Na = not applicable;  
Dl = detection limit)

Analytical Test Method

Solvent: Water Solvent: Ethanol 

Sterile 
connector

Negative 
Control

Sterile 
connector

Negative 
Control

Nonvolatile residue analysis <0.05 mg <0.2 mg (DL) ≤0.05 mg <0.2 mg (DL)

Total organic carbon analysis 0.039 ppm 0.07 ppm NA NA

pH analysis (from a set of four 
connectors) 5.9 5.8 NA NA

Conductivity analysis (from a 
set of four connectors) 1.9 μS/cm 1.0 μS/cm NA NA

Ion chromatography 
     Acetate
     Formate

<7.5 ppb1

<4.0 ppb1
<7.5 ppb1

<4.0 ppb1
NA
NA

NA
NA

GC/MS 
     Volatiles (headspace) 
     Semivolatiles (direct 
injection)
     Derivatization (BF3/1-
Butanol)

No peaks
  

No peaks2

Benzoic acid: 
0.039 ppm

No peaks

No peaks

Benzoic acid: 
1.011 ppm

No peaks
 

No peaks 

Benzoic acid: 
0.047 ppm

No peaks

No peaks

Benzoic acid: 
<0.001 ppm

HPLC/UV No peaks2 No peaks  No peaks3 No peaks

ICP/MS 
     15 elements4

     Boron
     Calcium
     Sodium
     Zinc

<DL
0.397 ppb

<DL
0.162  ppb
0.050 ppb

<DL
0.08 ppb

8.938 ppb
0.07 ppb
0.01 ppb

<DL
<DL

1.028 ppb
<DL
<DL

<DL
<DL

4.316 ppb
47.64 ppb

<DL

1 Limit of detection: 7.5 ppb for acetate and 4.0 ppb for formate
2 Extract also concentrated 50-fold (no peaks)  3 Extract also concentrated 10-fold (no peaks)
4 Li, Mg, Al, K, Ti, Cr, Mn, Fe, Co, Ni, Cu, Ag, Sn, Ba, and Pb
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Bisphenol-A, the primary building 
block for polycarbonate, has been 
reported as a leachable substance from 
some grades of polycarbonate bottles 
after exposure to heat — e.g., boiling 
water (5). To assess the possibility of 
this material leaching from aseptic 
connectors, we performed a separate 
ethanol extraction study on four 
aseptic connectors that were heat 
treated by autoclaving at 135 °C twice 
for 30 minutes. No bisphenol-A could 
be detected by GC/MS in combined 
extracts from two sets of four 
connectors.

So the qualitative and quantitative 
data strongly indicate that the 
potential for these connectors to 
release leachable materials into drug 
products is very low, considering the 
less vigorous f low conditions and 
reduced contact times in most 
processes compared with these 
extractable test conditions. This 
conclusion can be important to 
performing process risk analysis. For 
cases in which water or ethanol 
represents a worst-case solvent, the 
extractables data may indicate that 
process-specific leachable studies on 
these connectors could be minimized 
— or even unnecessary — if full 
extractables data and risk analysis 
documentation is available. This can 
reduce validation effort and time.

Capsule Filter Studies: A single 
capsule filter was tested in the 
extraction rig, and this study was 
performed in duplicate. As stated 
above, it is not possible here to report 
detailed results in full (information 
available from Pall Life Sciences on 
request). However, Tables 4 and 5 
summarize the most significant 
results in a concise, simplified form to 
show the general qualitative and 
quantitative extractables profile data.

The NVRs from aqueous extracts 
were very low (mean value 5.5 mg). 
As expected, the ethanol extracts were 
higher (mean value 56 mg) and in the 
range typically reported for high-area 
filters of this type.

Fourier-transform infrared (FTIR) 
analysis of the NVRs identified them 
as predominantly oligomers of the 
acrylate copolymer used for surface-
modification of the PVDF membrane. 

Chromatographic analysis of ethanol 
extracts to identify individual 
compounds including both volatile 
and semivolatile compounds (Table 5) 
showed traces of fatty acids and 
antioxidants (additives of the 
polypropylene resin formulation) and 
breakdown products of the acrylate 
copolymer (a membrane 
hydrophilizing agent) in the range of 
0.1 ppm (up to no more than 3 ppm).

discussion

Capsule filter data showed a much 
higher level of extractables than was 
found with the sterile connector. This 
difference is to be expected because of 
the greater mass, wider range of 
materials, and very high surface area of 
the filters. For example, the pleated 
hydrophilic PVDF membrane and 
polypropylene nonwoven support and 
drainage layers in these capsule filters 
have a face area of 1,500 cm2 (0.15 
m2), about 34× higher than that of the 
sterile connectors. However, the 
internal microporous structure of the 
filter membranes increases their 
contact area by more than 1,000 times 
for a total area of >150 m2. In addition, 
the polypropylene filter capsule shell 
and hardware have a contact area of 
~500 cm2, which is >10 times higher 
than that of the sterile connector. 

The identities of the compounds we 
detected are consistent with the basic 
materials of construction for these 
components, materials that have been 
assessed for biological safety during 
core validation using industry-standard 
tests such as the US Pharmacopeia’s 
biological safety class VI for plastics. 
The materials of construction are also 
included in each product’s drug master 
file, which is submitted to the FDA. 
Furthermore, none of the extractables 

Figure 3: Decision tree for risk analysis of 
extractables and leachables

Table 5: Identity and quantities of some compounds in ethanol filter extracts

Test Compounds Identified Concentration
GC/MS on 
ethanol extract

2-Ethylhexanoic acid
1,3-Di-tert-butyl-benzene
2,4-Di-tert-butyl-phenol
Lauryl acetate
Lauryl acrylate

0.56 ppm
0.52 ppm
0.12 ppm
0.13 ppm
0.64 ppm

Test Fatty Acid Derivatives Identified Concentration LOQ* 
GC/MS on 
derivatized 
ethanol extract
           

Ethanedioic acid, dibutyl ester (Oxalic)
Propanedioic acid, dibutyl ester (Malonic)
Dodecanoic acid, butyl ester (Lauric)
Butanedioic acid, butyl ester (Succinic) 
Tetradecanoic acid, butyl ester (Myristic)
Hexadecanoic acid, butyl ester (Palmitic)
Octadecanoic acid, butyl ester (Stearic)
1,4-Benzenedicarboxylic acid, bis(2-
methylpropyl) ester

 0.16 ppm
0.10 ppm
0.23 ppm
0.17 ppm
0.09 ppm
0.61 ppm
1.23 ppm
2.24 ppm

0.01 ppm
0.01 ppm

0.025 ppm
0.01 ppm

0.025 ppm
0.01 ppm
0.05 ppm

0.025 ppm

* Limit of quantification

Test Compounds Provisionally Identified Molecular Weight
LC/MS on 
ethanol extract

2-Ethylhexanoic acid
Lauric acid
Myristic acid
Palmitic acid
Stearic acid

144.21
200.32
228.37
256.42
284.48
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identified is listed in the harmonized 
guidance document for residual solvent 
impurities (7). 

Summary and General Conclusions: 
Our study highlights the value of 
powerful analytical techniques available 
today for identifying trace extractables 
down to parts-per-billion levels. When 
it comes to leachables in final drug 
products rather than pure model 
solvents, the analytical task is more 
daunting due to interference from 
active drug ingredients, surfactants, 
and other nonvolatile components. 
However, complete worst-case 
extractables test results from process 
equipment will facilitate evaluation of 
leachables in final drug products 
derived from that process equipment. 

Model solvent extractables data 
(such as those generated in this study) 
can play an important role in process 
qualification and validation of single-
use systems. The extractables profile 
of high-area filters will clearly have 
much more significance in risk 
assessment for leachables than the 
much lower results from simpler 
components such as the sterile 
connector. With data available from 
all the components of a system, a 
scientifically based decision can be 
made on further qualification 
programs for the related process. The 
decision tree in Figure 3 provides a 
guide to a risk-assessment approach.

If the core data clearly represent a 
scientifically justified worst case for a 
process, then extractables data can be 
incorporated into process 
qualification/ validation 
documentation. If the solvent and/or 
test conditions are not justifiable, then 
a worst-case study on the entire 
system (scaled down if necessary) can 
be performed using an appropriate 
model solvent specific to the process 
f luid without the need to test 
components individually.

Further studies are now in progress 
for intensive analysis of extractables 
from other individual components as 
well as complete systems containing 
f lexible biocontainers, tubing, filters, 
and connectors. These results will be 
published in a future issue. The 
combined data will form an important 

library of information available to end 
users for selection and qualification/ 
validation of single-use systems.
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