
Designation: E3411 − 24

Standard Practice for

Validation of Automated Membrane Microscopy Test
Methods for the Counting and Sizing of Particulate Matter
Present in Parenteral Pharmaceutical Manufacturing
Processes and Final Drug Products1

This standard is issued under the fixed designation E3411; the number immediately following the designation indicates the year of

original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A

superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This practice covers the requirements for validation of

test methods that apply automated membrane microscopy

(AMM) to the measurement of extraneous solid insoluble

particulate matter present in parenteral pharmaceutical manu-

facturing processes and drug products. For extensive guidance

on the development of AMM test methods see Guide E3425.

1.2 In an AMM test method, a test liquid containing

suspended particles is filtered through a membrane filter, the

particles are retained on the surface of the membrane filter, the

membrane filter surface is imaged with an optical microscope

and digital camera, and application of image analysis software

determines particle count and particle sizes.

1.3 AMM test methods may be applied to the measurement

of the commonly defined size categories of subvisible

(<100 µm) or visible (≥100 µm) or both particulate matter

present during any stage of the manufacturing of parenteral

pharmaceuticals.

1.4 The test liquid characterized by an AMM test method

may be a process fluid, drug substance or drug product, or

liquid extracts from the surfaces of processing equipment, drug

containers, delivery devices, and components thereof.

1.5 This practice does not apply to the characterization of

particles inherent to parenteral suspensions (for example, cells,

protein aggregates, or vaccine adjuvants) or the characteriza-

tion of liquid droplets (for example, silicone oil).

1.6 Units—The values stated in SI units are to be regarded

as standard. No other units of measurement are included in this

standard.

1.7 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the

responsibility of the user of this standard to establish appro-

priate safety, health, and environmental practices and deter-

mine the applicability of regulatory limitations prior to use.

1.8 This international standard was developed in accor-

dance with internationally recognized principles on standard-

ization established in the Decision on Principles for the

Development of International Standards, Guides and Recom-

mendations issued by the World Trade Organization Technical

Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:2

E3060 Guide for Subvisible Particle Measurement in Bio-

pharmaceutical Manufacturing Using Dynamic (Flow)

Imaging Microscopy

E3230 Practice for Extraction of Particulate Matter from the

Surfaces of Single-Use Components and Assemblies De-

signed for Use in Biopharmaceutical Manufacturing

E3425 Guide for Development of Automated Membrane

Microscopy Test Methods for the Counting and Sizing of

Particulate Matter Present in Parenteral Pharmaceutical

Manufacturing Processes and Final Drug Products

2.2 ICH Guidelines:3

ICH Q2 Validation of Analytical Procedure—Scientific

Guideline

ICH Q9 Quality Risk Management

2.3 ISO Standard:4

ISO 8871-3:2003 Elastomeric Parts for Parenterals and for

Devices for Pharmaceutical Use—Part 3: Determination

of Released Particle Count

1 This practice is under the jurisdiction of ASTM Committee E55 on Manufac-

ture of Pharmaceutical and Biopharmaceutical Products and is the direct responsi-

bility of Subcommittee E55.07 on Single Use Systems.
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2.4 USP Chapters:5

USP <788> Particulate Matter in Injections

USP <1058> Analytical Method Qualification

USP <1225> Validation of Compendial Procedures

USP <1787> Measurement of Subvisible Particulate Matter

in Therapeutic Protein Injections

USP <1788> Methods for the Determination of Subvisible

Particulate Matter

USP <1788.1> Light Obscuration Method for the Determi-

nation of Subvisible Particulate Matter

USP <1788.2> Membrane Microscope Method for the De-

termination of Subvisible Particulate Matter

USP <1788.3> Flow Imaging Method for the Determination

of Subvisible Particulate Matter

2.5 VDI Standard:6

VDI 2083 Part 21 Cleanliness of Medical Devices in the

Manufacturing Process

2.6 Other Standards:

EP 2.9.19 Particulate Contamination: Sub-visible Particles,

European Pharmacopoeia7

JP 6.07 Insoluble Particulate Matter Test for Injections,

Japanese Pharmacopoeia8

NIST 8634 Ethylene Tetrafluoroethylene for Particle Size

Distribution and Morphology9

3. Terminology

3.1 Definitions:

3.1.1 analysis membrane, n—membrane filter with particles

retained on the membrane filter surface as created by a

filtration procedure.

3.1.2 analysis membrane occupancy, n—percentage of the

total inspected area of the analysis membrane covered by

particles.

3.1.2.1 Discussion—Total area covered by all detected par-

ticles divided by the inspection area.

3.1.3 automated membrane microscopy (AMM) instrument,

n—instrument consisting of an optical microscope, a motorized

scanning stage to hold and allow scanning of an analysis

membrane, a digital camera to capture images of the analysis

membrane as it is scanned, and image acquisition and image

analysis software for implementing the image acquisition and

analysis process.

3.1.4 automated membrane microscopy (AMM) test method,

n—application of an AMM instrument to determine the count

and sizes of particles on an analysis membrane via a test liquid

preparation procedure, a filtration procedure, an image acqui-

sition process, and an image analysis process.

3.1.5 blank count, n—particle count obtained upon execut-

ing a blank test.

3.1.6 blank liquid, n—nominally particle-free liquid applied

in the blank test.

3.1.7 blank test, n—determination of the blank count by

application of all steps of an AMM test method using a blank

liquid.

3.1.8 bright-field microscopy, n—a form of optical micros-

copy in which the sample is illuminated by a light beam that

passes through the sample, and the microscope objective

detects both the transmitted beam as well as light scattered

from the sample.

3.1.9 dark-field microscopy, n—a form of optical micros-

copy in which the sample is illuminated by a transmitted beam,

using an annulus of light at an angle large enough so that

unscattered light of the incident beam will not be detected by

the microscope objective.

3.1.10 equivalent circular diameter, n—diameter of a circle

that has a total area equal to the projected area of a particle

found after image segmentation.

3.1.10.1 Discussion—The equivalent circular diameter is

the output of a USP <788> test method and may differ

significantly from the maximum Feret diameter. In the segmen-

tation process, if holes in a particle are filled, the equivalent

circular diameter will increase.

3.1.11 Feret diameter, n—measure of particle size along a

specified direction defined as the distance between two parallel

tangents to the outer contour of the particle along the specified

direction (analogous to a caliper or slide gauge measurement).

3.1.12 filtration procedure, n—filtration of a test liquid

through a membrane filter to create an analysis membrane.

3.1.13 image acquisition process, n—process by which the

analysis membrane is brought into focus, moved by a motor-

ized scanning stage, scanned by the camera field of view, and

each field of view imaged by the digital camera.

3.1.14 image acquisition software, n—software program

applied in the image acquisition process.

3.1.15 image analysis process, n—implementation of image

analysis software to perform the stitching and the segmentation

processes and analyze the resulting segmented image to

determine particle count and particle sizes.

3.1.16 image analysis software, n—software program ap-

plied in the image analysis process.

3.1.17 imaging system, n—part of the AMM instrument

consisting of the microscope optics, digital camera, and illu-

mination system.

3.1.18 liquid extract, n—test liquid obtained by liquid ex-

traction (rinsing, washing, and flushing) of the surfaces of a

material.

3.1.19 magnification calibration standard, n—stage mi-

crometer with an International System of Units (SI) traceable

5 Available from U.S. Pharmacopeial Convention (USP), 12601 Twinbrook

Pkwy., Rockville, MD 20852-1790, http://www.usp.org.
6 Available from Verein Deutsche Ingenieure (VDI), e.V. VDI-Platz 1 40468

Düsseldorf, Germany, https://www.vdi.de.
7 Available from the European Directorate for the Quality of Medicines &

Healthcare (EDQM), Council of Europe, Avenue de l’Europe F-67075 Strasbourg

Cedex, France, https://www.edqm.eu/en/european-pharmacopoeia-ph.-eur.-11th-

edition.
8 Available from the Pharmaceuticals and Medical Devices Agency (PMDA),

Shin-Kasumigaseki Building, 3-3-2 Kasumigaseki, Chiyoda-ku, Tokyo 100-0013

Japan, https://www.pmda.go.jp/english/rs-sb-std/standards-development/jp/

0029.html.
9 Available from National Institute of Standards and Technology (NIST), 100

Bureau Dr., Stop 1070, Gaithersburg, MD 20899-1070, http://www.nist.gov.
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size scale applied in primary calibration of the AMM instru-

ment to determine pixel size in the microscope images.

3.1.20 manual visual check, n—visual comparison of the

images of individual particles obtained after the image acqui-

sition process with the corresponding segmented images of the

particles obtained after application of the image analysis

process.

3.1.21 maximum Feret diameter, n—largest diameter of the

particle found when measuring the Feret diameter in all

directions.

3.1.22 membrane filter, n—membrane of specified type and

pore size rating that retains particles upon filtration.

3.1.22.1 Discussion—Membrane filter type is specified by

material, pore size rating, color, and diameter.

3.1.23 particle, particulate, and particulate matter,

n—portion, piece, or fragment of mobile solid and insoluble

matter.

3.1.24 particle count, n—number of particles in a chosen

particle size range.

3.1.25 particle detection effectiveness, n—qualitative or

quantitative assessment of the capability of the AMM instru-

ment and test method to detect and segment particles and

determine particle count and particle sizes properly.

3.1.26 particle size, n—measure of the size of a particle,

commonly described by the maximum Feret diameter.

3.1.27 reference analysis membrane, n—analysis membrane

created from particles of interest or reference particles for the

purpose of serving as a particle size or count reference standard

or both.

3.1.28 reference particles, n—particles of known particle

type, size, and/or number concentration.

3.1.28.1 Discussion—Examples are polystyrene spheres or

NIST reference material 8634 (abraded ethylene tetrafluoro-

ethylene (ETFE)).

3.1.29 segmentation process, n—part of the image analysis

process that determines which pixels are associated with

individual particles and which pixels are associated with the

membrane filter background resulting in a segmented image.

3.1.30 segmented image, n—binary image of pixels associ-

ated with individual particles and pixels associated with the

membrane filter background.

3.1.31 stitching process, n—part of the image analysis

process that combines the multiple images of the analysis

membrane surface created in the image acquisition process into

one image and fuses any particle images lying at the border

between two adjacent images.

3.1.32 system suitability standard, n—substrate with a stable

reference pattern that is measured to confirm size calibration

and AMM instrument alignment before measurements of

analysis membranes.

3.1.33 test liquid, n—liquid to be tested in the AMM test

method.

3.1.33.1 Discussion—May be a process fluid, liquid extract,

drug substance, drug product, or reconstituted powder.

3.1.34 test liquid preparation procedure, n—procedure by

which a test liquid is obtained, either by direct sampling of

process fluids, drug substance or drug product, or the extraction

of material surfaces.

4. Significance and Use

4.1 From a quality risk management perspective (ICH Q9),

extraneous solid and insoluble particulate matter in a final

parenteral drug product is a potential hazard that may cause

harm to the patient receiving the drug product in addition to

potentially reducing drug product quality, efficacy, and avail-

ability. Minimization of the probability of occurrence of

particulate matter in a drug product depends upon conformance

to current good manufacturing practices (CGMPs) along the

entire pharmaceutical manufacturing process from starting

ingredients to final drug product. Good detectability of particu-

late matter in parenteral drug products results from the required

combination of 100 % visual inspection, along with sampling

and destructive testing of final drug products for subvisible

(<100 µm) particulate matter as described in USP <788> and

related USP and equivalent harmonized European (EP 2.9.19)

and Japanese (JP 6.07) monographs.

4.2 In the USP <788> Method 2 microscopic particle count

test, particles suspended in liquid are filtered onto a membrane

filter, and under controlled illumination conditions, the par-

ticles collected on the membrane filter are manually counted

and size classified under a microscope using a reticule consist-

ing of a defined inspection field and reference circles (grati-

cules) of 10 µm and 25 µm diameter. The number of particles

found ≥10 µm and ≥25 µm are reported. Method 2 is labor

intensive and susceptible to human error since each particle is

individually size classified and counted manually by the human

analyst.

4.3 The pharmacopoeial chapters also describe automated

methods for the measurement of particulate matter suspended

in liquid. In the USP <788> Method 1 light obscuration particle

count test, a particle suspended in liquid is drawn into a tube,

passes through a light beam detector, and the particle is

counted when the light beam is attenuated because of scattering

or absorption or both of light by the particle. The light

attenuated by the particle is related to a particle size via

comparison with a calibration obtained with spherical particle

size standards. Thus, the output of USP <788> Method 1 is an

equivalent circular diameter. Note that USP <1788.1> indicates

that light obscuration is useful for an approximate particle size

range from 1 µm to 300 µm depending upon instrument and

configuration. Alternately, USP <1788>, <1788.3>, and Guide

E3060 describe flow imaging, in which the detector is an

imaging system, and image analysis determines particle size.

Measurement techniques specifically applicable to therapeutic

protein injections are described in USP <1787>.

4.4 In addition, “automated approaches” to the measure-

ment of particulate matter on the surface of a membrane filter

are discussed in Section 6 of USP <1788.2>. In USP <1788.2>,

it is noted that, with automation, “there is increased potential

for objective accuracy and precision versus subjective human

decision and tabulation” required in the manual size classifi-

cation of particles as per USP <788> Method 2.
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