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Decontaminating Biomedical and
Pharmaceutical Products

The biomedical and pharmaceutical industries, understandably, require strict quality control for product

manufacturing. Drug delivery packaging and equipment must be free of contaminants that will interfere

with medication delivery. Implant manufacturers need to be sure that remnants of manufacturing

process fluids—f | ui ds whi ch might cause rejectdioon tomr emaa nt
on their final products after manufacturing is completed. Developers of medical and pharmaceutical

devices need to be confident t hdedicesthdtlmveptinpbduct s t h
of manufacturing grease remaining in an area where adhesive is used to glue two parts together will

often experience adhesion failure when doctors or patients try to actually use such devices.

NHML' s Chem Lab often sees cl i e ntwkerecootaminangarei n wi t h
a looming source of pain for quality assurance and control departments. Testing for our biomedical and
pharmaceutical clients, as a result, is often focused on contaminants: Are they presentin a

manufactured product? What are they? Where did th
NHML ' s Ch edrsthesaduest@mm.s w

Testing technology

When confirming or identifying a contaminant, we use two main testing techniques: Fourier Transform

Infrared spectroscopy (FTIR) and Energy Dispersive Spectroscopy (EDS). When we use one approach or
theotherdepends entirely on the type of materials our ¢
to answer about those materials.

FTIR Fourier Transform Infrared Spectroscopy

We can use FTIR to ‘“fingerprint’ ingcanmshasedany | i qui
sol i ds. To describe how this works more fully, [
made up of atoms that are bonded together. Different atoms and bond structures are what define one

materi al or cmhtemi fcmomaandtdhidrf . er eEvery material we

molecular bond structure. Some bonds between atoms are stronger, some weaker. Some materials are
comprised of only a few elements (like water, which uses only hydrogen and oxygen) and some are
highly complex blends of very high numbers of bonds and elements.
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Figurel. Simple diagram depicting FTIR process

In FTIR, an infrared (IR) beam of light is passed through either a liquid or solid sample of the material

we' ' re examining (for solids, the samples are slic
them). As this beam passes through the sample, the energy in the infrared light interacts with and

‘“excites’ the mol e cuslboadstorbooelikd srings end vibsate. ifferehnth e a c t

bonds absorb energy differently: some more strongly or more weakly, some have more energy
absorption or less energy absorption. | n FTI R, the I R energy that isn’t
straightt hr ough the sample and is ‘read’ b pigural).c ol | ect o
This reading produces an absorption plot that looks like the plots seen in Figure 2.

Where every material has its own particular molecular structure (i.e. atoms and bond structure), every

material will absorb the infrared energy differently and uniquely, which means that every material will

have its own uniqgue absor pt i oscontarpinatecdsample contaihingnger pr i
only the type of plastic which should be present in a pill bottle, for example, you can compare this

controlsample to a potentially contaminated test sample to see if the plots look the same or not.

Identical plots would indicate that the testsample is identical to the controlsample — not contaminated.

Pl ots that don’t | ook similar could indicate a co
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(b) Unknown contaminantHR spectra plot

Figure2. A client had come to NHML having found contamindrite particleson one of their medical devices; the
clientsuspected the particles had flaked on to the device frgmolgvinylidene fluorid€PVDFmembraneand
wanted to verify if this was in fact true. NHML performed FTIR analysis on a PVDF sample (results depicted by
image a) and the white flakes (results depicted by image b). Since the two abspiptszio not match, thevhite
particles could ot have come froni KS YSYOo N} yS® ' & |y | RRSR omropgiided Ay (KA A&
the series of absorption peaksplot (b)as being acrylic in naturevhich was useful in helping identify what the
contaminant actually was
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Even i f owexactlyawhat the coktaminantis at this point, FTIR can give us some information

on what the contaminating material’s mol ecul ar
regarding what percentage of the contaminated sample is comprised by what elements (For example:

20% hydrogen, 30% oxygen, 5% carbon, etc.), combining this elemental data with the FTIR bond

structure data can help us identify what an unknown contaminant material is. So how does NHML get

this elemental data from a mysterious material sample? With EDS.

EDS Energy Dispersive Spectroscopy
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Figure3. Simple diagram depicting the EDS process

EDS can be used to help identify what individual base elements are present in many materials: metals,
plastics, polymers, elastomers. In EDS, a material sample is first bombarded by a beam of electrons. In
response to this, the individual elements in the material sample emit x-rays (see Figure 3). Each element
in the periodic table emits x-rays at its own specific frequency and intensity. EDS detects these
individual intensities and measures how much of which elements are in the material sample. EDS can

do this for all elements that are heavier than boron (starting with carbon) in the periodic table. The
outcomes are a plot and elementary information data like that seen in Figure 4.
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Figured. A contaminant that is dark in color, perhaps black, is represented by this sample EDS plot and data. From
the lron (Fe), Chromium (Cr) and Nickel (Ni) ratios presented in the data, NHML Chem Lab staff can tell that the
contaminant is a stainless steel corrosion residue.

As you can see, the data tells us exactly what elements are present, and it also gives us some
information on how much of those elements are present in the material. EDS can be used for
manufacturing quality control in a manner similar to the FTIR approach (using paired controland test
material sample plots) and is often used to identify the inorganic (non-carbon based) contaminant
materials, which the FTIR equipment can not identify.
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Combined EDS & FTIR Testing

In some cases, we might pair EDS with FTIR to help diagnose what a specific contamination is or to help
clients track down the source of a specific contaminant. For example, say we had a client come to us
because they can see some kind of dark speck of material in their plastic, molded medical device. We

can test the ‘speck’ using EDS t o ihtheeonthninkny how mu
and pair that elemental information with FTIR data that tells us how the atoms are bonded together.
From this, we can glean information abowdust what ki

burnt plastic that has been overheated during a blow molding process, maybe a coating that is flaking
off manufacturing equipment and falling into the manufacturing line, and so on.

Where is this testing applicable?
Some cases where NHML’s Chem Lab aceatimiclemtsd has hel p

e Contaminant I dentification: To identify what
products

e Contaminant Removal Assistance: To identify what an unidentified contaminant is and to help
assess where in the manufacturing process this contaminant is introduced into the product, in
order to eliminate the contamination source

e Manufacturing and Product Quality Control: To confirm that device and equipment cleaning
processes truly do remove all the manufacturing fluids from a final product, so the product may
be delivered to a final client

e Manufacturing Process Assistance: To explain why the adhesives or other materials used in the
design or assembly of a medical device don’'t w
quality control problems

There’ s no one test that is always the “right” an
quality assurance is a tough area for many manufactures in the biomedical and pharmaceutical

industries. However, judicious application of standard analytical techniques like FTIR and EDS can often

go a long way toward solving existing quality control problems and even preventing some in the future.
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