CASE STUDY

Problem

A leading Single-Use System (SUS) manufacturer supporting biopharmaceutical
production faced escalating contamination control failures across its ISO Class
5-8 cleanroom assembly operations. Producing sterile bags, tubing assemblies,
and manifolds destined for direct product contact, the company was required
to meet stringent GMP and regulatory expectations, including 21 CFR
211.194(a)(2) and USP <1207>, mandating tight control of non-viable
particulates, sterility assurance, and validated cleaning processes free from
extractables, leaks, or cross-contamination.

Despite established protocols, final inspections began detecting elevated levels
of visible particles and fibers on critical SUS components. Reject rates exceeded
15%, while customer complaints rose 20% within six months—particularly
from major biotech clients concerned about contamination risks and product
integrity. The issue was compounded by gamma irradiation sterilization, which
caused embedded polyester fibers to oxidize and darken post-sterilization,
making them highly visible under inspection lighting. Even submicron fibers
posed perceived microbial ingress risks and downstream bioprocessing
concerns, threatening regulatory compliance, customer confidence, and the
manufacturer’s quality reputation.

Solution

To isolate the contamination source, the manufacturer partnered with Foamtec
International to deploy the PolyCHECK® particle identification system—an
advanced foreign material analysis program designed for cleanroom and GMP
environments.

PolyCHECK technicians conducted structured sampling using ultra-low
particulate, non-shedding swabs across SUS product surfaces, assembly
workstations, and cleaning tools. Samples were sealed and submitted to
Foamtec’s analytical laboratory for expedited multi-modal characterization,
including:

e Optical Microscopy for particle sizing and morphology screening

e Scanning Electron Microscopy (SEM/EDS) for high-resolution imaging and
elemental composition

e  Fourier-Transform Infrared Spectroscopy (FTIR) for polymer and organic
material identification

e Quantification & Source Attribution aligned to GMP particulate tracking
requirements
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Enhancing Contamination Control in
Single-Use System (SUS) Manufacturing

PROBLEM

A biopharmaceutical Single-Use System
manufacturer faced >15% reject rates
and rising customer complaints due to
visible particles and fibers—later
darkened by gamma
sterilization—compromising
contamination control and regulatory
compliance.

SOLUTION

Using Foamtec’s PolyCHECK® analysis,
the manufacturer traced >70% of
contamination to shedding polyester
knit wipers and transitioned to
low-shedding MiraWIPE® SM microfiber
wipers validated for cleanroom and
sterilization compatibility.

RESULT

The change reduced particle-related
rejects by 85%, cut customer
complaints by >90%, and delivered
roughly $250,000 in annual cost savings
while strengthening GMP compliance
and product quality confidence.
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Solution (continued)

Analytical results revealed that over 70% of recovered particles and fibers
originated from polyester knit wipers used during SUS assembly and cleaning.
Fiber shedding during wiping embedded contaminants into polymeric SUS
surfaces. Subsequent gamma sterilization oxidized these fibers, darkening them
and amplifying their visibility—driving both internal rejects and customer
concern.

Based on this root cause data, the manufacturer transitioned to MiraWIPE® SM,
a woven microfiber cleanroom wiper engineered for ISO 5-8 environments. Its
nylon-reinforced polyester microfiber construction and tight cross-directional
weave enabled superior particle dislodgement and entrapment while minimizing
fiber release and surface abrasion. Sterilization-compatible formats ensured
structural integrity through gamma or autoclave exposure, eliminating fiber
darkening risks. Implementation required minimal retraining and integrated
seamlessly into existing SUS cleaning SOPs and validation frameworks.

Result

Following adoption of PolyCHECK diagnostics and MiraWIPE® SM process
controls, the manufacturer achieved substantial contamination and quality
improvements:

e 85% reduction in particle- and fiber-related rejects, significantly improving
production yield and reducing scrap

e >90% decrease in customer complaints within three months, driven by
elimination of visible post-sterilization fibers

e  Strengthened GMP compliance, with PolyCHECK data supporting
documented root cause investigations and CAPA closure

e  Streamlined cleaning validation, aided by MiraWIPE SM’s low-particulate
certification and sterilization compatibility

e  Estimated $250,000 in annual savings from reduced rework, scrap, and
inspection disruptions

e Improved production throughput, as fewer contamination excursions
reduced line stoppages and batch delays

Foamtec International WCC has the experience, skills, and knowledge to
support contamination control at your organization.

Visit www.foamtecintlwcc.com, call 1.254.708.8100 or email
contact@foamtecintlwcc.com for more information.
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Fig. 1 - Incoming Silicone Tubing Inspection

Cellulose fibers adhered to the bore of
silicone tubing. The fiber morphology
corresponds with polycellulose wipers
routinely used for incoming inspection
wipe-downs. Once lodged inside tubing,
these particles are nearly impossible to
remove and often remain undetected until
final QC or end-user inspection.
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Fig. 2 - Product Transfer Bins

Polyester fibers identified on bin surfaces.
Since bins are frequently wiped down with
polyester wipers, the SEM/EDX results
provide direct evidence of wiper shedding.
These residues act as extrinsic
contaminants when SUS assemblies are
transferred or staged.
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