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Compound Analytical Method Abbreviation
Organic components  Total organic carbon analysis Toc
Conducting ions Conductivity analysis g
Acidic or basic Acidity or basicity measurement pH
compounds
Acetate and formate lon-exchange liquid chromatography Ic
Nonvolatiles Nonvolatile residue analysis NVR
Functional groups of  Fourier-transform infrared spectroscopy FTIR
organic compounds
Chromophoric groups Ultraviolet spectroscopy uv
of organic compounds
Volatile organics Head-space gas chromatography with mass GC/MS
spectrometry
Semivolatiles Direct-injection gas chromatography with mass GC/MS
spectrometry
Heat-sensitive High-performance liquid chromatography with UV HPLC/UV
organics; antioxidants  spectroscopy
Liquid chromatography with mass spectrometry LC/MS
Organic acids Derivatization gas chromatography with mass GC/MS
spectrometry
Inorganic elements Inductively coupled plasma mass spectrometry ICP/MS
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Tubing Properties Extraction Conditions
Material SEBS thermoplastic Model solvents  DIwater (18 MQ-cm):
elastomer* 100% ethanol (HPLC
grade)
Liquid contact length ~4.5m (15 ft)
Weight 113 g/m (0.076 Ib/ft)
Wall thickness 3.2 mm (0.125 in) Total volume 306 mL
Internal diameter 9.5 mm (0.751n) Time 72 hours
Liquid contact area 299 em*/m (14.1 in¥/f1) Temperature 21°C
Pretreatment Gamma irradiation (50 kGy) Agitation method Orbital shaker

* Tubing base polymers. styrene—ethvlene—butylene-styrene copolymer and polypropylene
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18 0.3 m(lft)

~180 mL

100 mL
Zl'l mL ‘ G

Bo tm m end
clamped

17 mL
solvent

Tubes weighed

k.

Top end
clamped
L=10.25 m (10 in)

E“ratl divided Tubes unclnmpcd
for analysis extracts pooled

Tubes in shaker
(72 h @ 21 °C)

Tubes weighed
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Sample TOC Conductivity pH! Acetate Formate
Tubing extract 5.37 ppm 709 uS/em 5.6 0.034 ppm 0.032 ppm
Negative control <LOD? 1.06 pSlem 6.5 <LOD? <LOD?

Y4 | @it

! The pH measurement was performed separately using water for injection (WFI) at pH 6.6
* Limut of detection (LOD): 0,002 ppm TOC; 0.003 ppm acetate, 0.001 ppm formate
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Ethanol
7,553 mg

Water
<0.1 mg

* Limit of quantification (LOQ): 0.1 mg
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Water Extract

Ethanol Extract

Volatiles!

Semivolatiles® No peaks
Nonvolatiles and heat-  No peaks

sensitive compounds’
Oxalic acid
Na, Fe, Zn, and K

Organic acids’

Inorganic elements®

2-methoxy-2-propanol

2.3 4-trimethylpentane

Low MW aliphatic hydrocarbons;
1,3-ditertbutylbenzene (1,3-DTBB);
2 4-ditertbutylphenol (2,4-DTBP);.
I-tridecanol; lauryl acrylate

Irgafos® antioxidant and its degradants

Myristic, palmitic, and stearic acid

Na, Al K, and Cano higher than for the

<10 ppb: Ca 33 ppb

negative control

FLOD: 0.001-0.1 ppm; LOG: 0.01-0.5 ppm * Lomut of detection: 0.01 ppm

' Limit of detection: 0.1 - | ppm Y LOD: 0.003-0.01 ppm; LOQ: 0.025 ppm
“LOD: 0.01-0.14 ppb forwater: 1-5 ppb for ethanol

* Irgafos 15 a proprietary stabihzer and trademark of Ciba Holding AG 1n Basel, Switzerland
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Biocontainer Properties

Extraction Conditions

Fluid contact layer
material

Internal gas barrier
layer material
Outer mechanical

barrier layer material
Capacity 05 L

Liquid contact area

Pretreatment

Low-density polyethylene
Ethyl vinylalcohol

Low-density polyethylene

516 cm? (80in?)

Gamma irradiated 50 kGy

Model solvents DI water (18
M&rem): 100%

ethanol (HPLC

grade)
Total volume 2L
Time 30 days
Temperature 40°C
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Extracts Biocontainers
- . weighed
NVR  GO/MS  LC/UV ICPMS  TOC,pH, IC, "‘;‘:;';;':]ded £
LC/MS and
conductivity

=

Biocontainers
welghed

Biocontainers in oven
at 40 °C for 30 days
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Sample TOC Conductivity PH' Acetate Formate
Biocontainer 1.96 ppm 5.33 uSlem 6.1 0.2 ppm <LOD?
Negative control 0.07 ppm 1.35 uS/em 6.9 <LOD* <LOD?

' pH measurement was performed separately using WFI {water for injection) at pH 6.6
‘LOD: 0,001 ppm "LOD: 0.002 ppm
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Water Ethanol
2.8mg 86 mg

“LOD: 0.1 mg
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Water Extract Ethanol Extract
Volatiles' 2-methyl-2-propanol; 2-methylpentane; hexane;
butanal; hexanal; trimethylpentane;
Z-octanone 3-methylheptane;l-octene; octane
Semi-volatiles® Low MW oligomers of polyethylene;
No peaks 1,3-DTBB; 2,4-DTBP; 2-octanone;
I-heptadecanol; 1-octadecanol
Organic fatty acids®  Oxalic acid 0.07 ppm Succinic, palmitic, and stearic acid all below
0.06 ppm

Inorganic elements* Na, B, Mg, K, Ca, and Ba B8.3 ppb
allat ppb levels

'LOD: 0.001-0.1 ppm; LOQ: 0.01-0.5 ppm 1LOD: 0.01 ppm
*LOD: 0,003-0.01 ppm; LOQ: 0.025 ppm 4 LOD: 0.01-014 ppb water; 1-5 ppb ethanol
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Ding W. Martin J. Implementation of single-use technology in Biopharmaceutical Manufacturing.
Bioprocess Int 2009; 6: 45-50.
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