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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through 
ISO technical committees. Each member body interested in a subject for which a technical committee 
has been established has the right to be represented on that committee. International organizations, 
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely 
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization. 

The procedures used to develop this document and those intended for its further maintenance are described 
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types 
of ISO document should be noted. This document was drafted in accordance with the editorial rules of the 
ISO/IEC Directives, Part 2 (see www.iso.org/directives).

ISO draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). ISO takes no position concerning the evidence, validity or applicability of any claimed patent 
rights in respect thereof. As of the date of publication of this document, ISO had not received notice of (a) 
patent(s) which may be required to implement this document. However, implementers are cautioned that 
this may not represent the latest information, which may be obtained from the patent database available at 
www.iso.org/patents. ISO shall not be held responsible for identifying any or all such patent rights.

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement. 

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions 
related to conformity assessment, as well as information about ISO's adherence to the World Trade 
Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www.iso.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 131, Fluid power system, Subcommittee SC 6, 
Contamination control.

This third edition cancels and replaces the second edition (ISO 4407:2002) which has been technically 
revised.

The main changes are as follows:

—	 more detailed procedure for automated particle counting by image analysing software.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

Fluids are used for a multitude of reasons over an array of industries. Whether they are used for hydraulic 
power, lubricating or operational fluids, the presence of particulate contamination adversely affects 
the fluids properties. This reduces the fluids capabilities and performance that can lead to damage of 
components, equipment and eventual system failure.

The level of contamination in a fluid has a direct impact upon its performance and reliability.

Quantitative determination of particulate contamination requires precision in obtaining a representative 
sample of the fluid to accurately ascertain the level of contamination. The method of particle counting using 
an optical microscope is an accepted means of determining the extent of contamination. The accuracy of 
particle counting can be affected by the different techniques and methods used. The accuracy when using 
the automated method described in this document is typically in a range of +/- one ISO code according to 
ISO 4406.

This document details procedures that are acceptable methods for each step of the process of removing 
particulate contamination from a fluid for analysis to achieve a uniform method, both manual and 
automated, for particle counting. These steps include sample preparation, vacuum filtration, filter membrane 
preparation and, both manual and automated counting methods.

v
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International Standard ISO 4407:2025(en)

Hydraulic fluid power — Fluid contamination — 
Determination of particulate contamination by the counting 
method using an optical microscope
WARNING — The use of this document may involve hazardous materials, operations, and equipment. 
This document does not purport to address all the safety issues associated with its use. It is the 
responsibility of the user of this document to establish appropriate safety and health practices and 
determine the applicability of regulative limitations prior to use.

1	 Scope

This document specifies acceptable methods for determining the level of particulate contamination in a 
known volume of fluid used in power systems by counting the number of particles captured on the surface 
of a filter membrane using an optical microscope. It includes accepted methods of particle counting utilising 
image analysis software or manual counting.

The aim of this document is to regulate a uniform, non-subjective filter membrane method of particle 
counting that will ensure that the classification standard result is achieved by analysing, where feasible, the 
entire effective filtration area (EFA) of the filter membrane.

The resolution and accuracy of the results will be dependent upon the optical system used, whether image 
capture analysis software is used, and when opting for the manual counting method, the capabilities of the 
operator.

All fluids that can be successfully vacuumed through the appropriate pore sized filter membrane will be 
able to use the following 2 methods of membrane filter analysis:

—	 Automated counting (see Annex A): automated detection, size classification and counting of particles on 
a membrane filter by using an optical microscope and image analysing software.

—	 Manual counting (see Annex  B): manual detection, size classification and counting of particles on a 
membrane filter using an optical microscope.

2	 Normative references

The following documents are referred to in the text in such a way that some or all of their content constitutes 
requirements of this document. For dated references, only the edition cited applies. For undated references, 
the latest edition of the referenced document (including any amendments) applies.

ISO 3722, Hydraulic fluid power — Fluid sample containers — Qualifying and controlling cleaning methods

ISO 5598, Fluid power systems and components — Vocabulary

3	 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 5598 and the following apply.

ISO and IEC maintain terminology databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC Electropedia: available at https://​www​.electropedia​.org/​
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3.1
blank analysis
counting resulting from contaminants introduced from other sources, such as reagents, cleaning of 
glassware and preparation of the membrane filter when performing a blank analysis

Note 1 to entry: See 7.1).

3.2
effective filtration area
EFA
circular area of the membrane filter open to flow during filtration of liquid

3.3
effective filtration diameter
EFD
longest chord length of the membrane filter open to flow during filtration of liquid

Note 1 to entry: Both the EFA and the effective filtration diameter (EFD) are determined in 8.2.

3.4
measured filtration area
MFA
area that the software has analysed when using the automated counting method

3.5
fibre
particle longer than 100 µm with a length-to-width ratio greater than or equal to 10:1

3.6
fixative fluid
fluid that, as a result of a heat curing process, causes a membrane filter to adhere to a glass base slide, can 
generate an opaque residue

3.7
grid square
square with side of nominally 3,1 mm printed on membrane filters

Note 1 to entry: Gridded membrane filters cannot be used in combination with automated image analysis techniques.

3.8
image analysis software
image analysis system with integrated software to automatically size, count and tabulate the particulate 
contamination captured on membrane filter

Note 1 to entry: A video image of the particle is digitally recreated based upon the difference in the grey scale contrast 
of the particle and background. The sizing is either automatically determined or manually on the video screen.

3.9
mountant fluid
fluid that when heated, causes a membrane filter, previously treated with fixative liquid, to become 
transparent and to adhere to the cover slip

3.10
particle size
size of particle as defined by the particle’s maximum Feret diameter

2
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Figure 1 — Particle indicating the maximum Feret diameter

3.11
required cleanliness level
RCL
permitted level of particulate contamination within a given area on the surface of the membrane filter

3.12
solvent
fluid that is physically and chemically compatible with and miscible in the sample fluid

Note 1 to entry: A solvent is used for diluting the sample fluid and can be used for cleaning and rinsing the apparatus. 
The solvent should be chemically compatible with the apparatus, especially the membrane filter and should not 
dissolve the particles.

3.13
statistical counting
counting and sizing particles using a proportion of the membrane filter’s surface, whereby at least 
150 particles are counted over a total of at least 10 separate fields of view.

Note 1 to entry: Statistical counting requires an even distribution of particles over the complete surface and membrane 
filters should be rejected for counting if this is not achieved.

3.14
threshold setting
level at which the grayscale value of an image pixel is determined by an automated image analysing software 
to belong to a particle or to the background

3.15
card insert
piece of card that is place inside of the slide mount to ensure the membrane filter is held flat

3.16
slide mount
two-piece vessel to secure the membrane filter in position and to prevent cross contamination

3.17
unit area
proportion of membrane filter that is counted for statistical purposes (manual counting)

Note 1 to entry: For manual counting the unit area is defined as the area of the membrane filter bound in the horizontal 
plane by two adjacent vertical membrane filter grid lines and in the vertical plane by two parallel lines either on the 
ocular micrometre eyepiece or drawn on a projection screen. Examples are given in Figure 2. For image analysis this is 
a fixed field of view defined by the optical and electronic systems.
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