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E&L Standards:

Empowering Confident Labware Choices

The Key Issue

All labware has some EGL content. It is important to recognize
that extractables and leachables are two different things.
Extractables are organic compounds or metals removed from
a material under extreme conditions, such asexposure to high
heat or very high/low pH, whereas leachables are those that
are removed under normal conditions of use. Extractables
are potential leachables, but not all extractables will become
a leachable under each set of specific operating conditions.
Everything from glass and plastic to packaging materials and
even label inks can leach unwanted contaminants.

Many of the additives used in plastics manufacturing,
including plasticisers, pigments, lubricants, stabilisers,
antioxidants and slip agents, can be an extractable and,
therefore, a leachable under certain conditions. It is important
to note that nearly all products made from plastics, including
food packaging, toys and medical supplies, require the use
of additivestoensure theydeliver the needed properties
of structural integrity, product performance, sterilityand
protection against environmental factors that would otherwise
lead to degradation. Different resins may need more additives
than others. A good example is that polypropylene (PP) and
high-density polyethylene (HDPE) typically contain more
additives than polyethyleneterephthalate (PET) or polyethylene
terephthalate glycol (PETG). PP and HDPE used in products
stored outdoors will often include both antioxidants and
anti-UV agents as protective agents.

Although additives are necessary componentsin plastic
materials, they also pose a risk of becoming leachables under

normal use conditions, and their passive migration from a piece
of labware into a sample may result in unintended consequences.
High levels of additives in a plastic filtration device, for example,
could lead to contamination of the filtrate. Labware from
which there might be leaching has the potential to affect not
only short-term experimental work but also the integrity of
laboratory solutions stored for extended periods. Therefore,
it is important to understand the risks associated with specific
labware and consider the impact of E&Ls on an experiment or
to assess the consequences of their accumulation throughout
a process. The optimum scenario for all labware is that there
are no leachables under normal use conditions. With so many
different variables to consider when designing experiments, any
opportunity to minimise unknowns is welcome. One of the best
resources for understanding potential leachable contaminants
is the manufacturer, who should provide significant insight and
support.

Making an informed choice about labware requires access
toE&Ltesting to understandallthe factors likely toimpact
an experiment.Labware suppliers, therefore, have a duty
to provide extractables analysis on the raw resin to aid the
identification of potential leachables. This data provides users
the tools needed to assess potential riskto their process. Although
most E&Ls are not problematic for end-users can make that
assessment themselves and conduct a leachables study under
normal in-use conditions, if deemed necessary.Several regulatory
bodies have issued guidelines and best practices for E&L
testing. Key among these for laboratory products is the widely
accepted United States Pharmacopeia’s (USP) <661.1> Plastic
Materials of Construction,* which outlines testing guidelines
and specifications for raw resins to ensure the material is well
characterised and suited for its intended use.

Standardised Testing of Plastic Materials

No single test can identify all the compounds present in a
sample. For example, detecting elemental impurities, such as
metals, involves Inductively Coupled Plasma-Mass Spectro-
metry (ICP-MS). Volatile and semi-volatile compounds are
typically detected using Gas Chromatography-Mass Spectro-
metry (GC-MS). Liquid Chromatography-Mass Spectrometry
(LC-MS)is widely applied to the analysis of non-volatile organic
compounds. Properly conducted E&L studies require the use
of a range of analytical technologies if they are to deliver the
complete picture.

In addition to USP guidelines, additional regulatory
bodies issuing E&L testing guidelines include the US Food
& Drug Administration (FDA), the International Standards
Organization (1SO), and the Product Quality Research
Institute (PQRI). Each standard will differ slightly and is typically
based on the product's intended use — medical devices versus
pharmaceutical packaging. If a manufacturer wishes to test
a material whose intended use is not an exact fit with any of
these guidelines, then either the best fit can be selected or
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a new method may be developed and validated. It is widely
accepted, however, that using a standard method enables clear
comparisons and avoids a lengthy validation process.

USP <661.1> provides guidance and specifications for
testing raw resins. Resins that pass the guideline’s criteria
are acceptable in packaging systems for pharmaceutical use.
It outlines the analyses necessary for a complete understanding
of a material’s composition. Most resins must be tested for
material identification, physicochemical properties and plastic
additive composition. PET, PETG and polycarbonate (PC), however,
typically contain few or no additives, so additive testing is not
a requirement. PC guidelines do require additional tests for
bisphenol A (BPA), a breakdown product of PC, and also for the
presence of residual solvents from the manufacturing process.

Although the analyses outlined in USP <661.1> are
essential in gaining acomprehensive understanding of
a material's composition, it is the plastics’additive and
elemental analyses that are often of greatest importance to
end-users. For example, when plastics are oxidised they can
become brittle and break apart. Antioxidants are added to
avoid this. With polyolefin materials, such as high-density
polyethylene and low-density polyethylene (LDPE), and
also for homopolymer and co-polymer polypropylenes,
USP <661.1> defines specification limits on 13 common plastic
additives that are characterised as phenolic antioxidants,
non-phenolic antioxidants and slip agents. USP Plastic
Additive 2 (pentaerythritol tetrakis (3-(3,5-di-tert-butyl-4-
hydroxyphenyl) propionate )) and USP Plastic Additive 5 (tris
(2,4-di-tert-butylphenyl) phosphite) are phenolic anti-
oxidants that are often used to work synergistically to react
with oxygen, thereby protecting the plastic from oxidation.
However, in an application like cell culture, USP Plastic
Additive 5 can oxidise and form breakdown products that
are known to inhibit the growth of certain cell lines. Material
for use in products for cell culture should, therefore, be free
of this compound.

This is one of the few examples of a known impact of a plastic
additive on a specific application. It is often up to the end-user
to test and validate labware, but suppliers can perform E&L
testing per regulatory guidelines, such as USP <661.1>, to
ensure confidence in labware selection.

USP <661.1> outlines testing of raw resins, but a separate
guideline, USP <665>, outlines testing of molded products.
When plastic is molded, some of the antioxidants are oxidised,
and trace metals from the molding equipment may transfer to the
surface of the molded part. Therefore, the molded part's organic
and elemental EGL profile will be slightly different from the raw
resin. The USP <665> guideline is being used across the industry
for standardised testing of leachables from plastic parts used in
pharmaceutical manufacturing. The tests include E&L profiling
of three separate solvent systems at high pH, low pH and in an
organic solvent. There are no standard criteria for the results, and
so they are often presented in the form of a report.

The actual impact of any leachables will be highly dependent
on how and for what purpose a piece of labware is being used.
Here, the vendor can provide extensive support to the user by
providing a full analysis of potential leachables. The user must

then assess the impact they may have. This reinforces the need
for labware suppliers to perform E&L testing on their products
and provide scientists with the necessary information.

How Different Can It Be?

An examination of four different filtration receiver bottles
illustrates the importance of careful selection when considering
labware. In this study, extractables testing was carried out using
methods based on USP <665> requirements. Triplicates from
the same lot of polystyrene receiver bottles from three different
manufacturers were tested with 100 ml of three extraction
solutions: water, 50:50 ethanol/water, and 2% nitric acid in
water. The receiver bottles containing the extraction solutions
were incubated for 21 days at 50°C prior to analysis.?

Three analyses were then run on each of the extracts. Total
organic carbon (TOC) was measured from the water extracts
using a laboratory TOC analyzer. Measurements of A™
absorbance in the 50:50 ethanol/water extracts were made by
UV-Vis spectrophotometry. Finally, ICP-MS was applied for
elemental analysis of the 2% nitric acid in water. Figures 1, 2
and 3 show comparisons at the two ends of the results scale
with products from supplier A and supplier B.
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Figure 1. TOC results from testing receiver bottles from two different suppliers.
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Figure 2. Absorbance (\"*) results from testing receiver bottles from two different
suppliers.
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Figure 3. Metal analysis results from testing receiver bottles from two different
suppliers.
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TOC results showed 996 parts per billion (ppb) from supplier
A's bottle compared with 2074 ppb for supplier B. TOC is
often the result of catalysts used during polymer synthesis,
from the polymer itself, or slip agents used in molding. UV-Vis
absorbance data at 245 nm shows results for supplier A to be
0.153 compared with 0.217 for supplier B. Increased absorbance
is directly proportional to an increased concentration of
extractables when comparing similar A__ values. Finally, there
were no detectable metals in supplier A's bottle, whereas
silicon (?8Si), titanium (“’Ti) and tantalum (*#'Ta) were present
in supplier B's bottle.

These results illustrate the importance of knowing the
properties of the materials being used in an experimental
process. Lowering the levels of extractables provides less
chance of those compounds leaching into the sample, and it is
clear that not all materials are equal.

Knowledge is Power

The sheer number of E&Ls can still be daunting. This is
why testing must begin with a detailed review of the materials
used in labware. E&L data has a crucial role in risk assessment
during product selection, and enables the avoidance of
materials that contain additives or elements with the potential
to impact specific experiments. Resins that pass USP <661.1>
criteria can be confidently used for pharmaceutical purposes,
and the data can provide users with knowledge to select the
best product for their application. This data can also help
scientists identify potential leachables in their specific
application.

The level of transparency provided by the supplier can
be another key consideration. Materials, specifications and
processes may periodically change from time to time for various
reasons. It is critical that the supplier has a systematic approach
in place toalert customers to changes so that they can assess
any potential impact to their experimental work. Digging deeper
into understanding your labware’s E&L profile will empower you
and leave you feeling confident in your selection.
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