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1 Summary 

 

Standard procedures are described for sampling and sediment particle size analysis (PSA). 

They are divided into sample collection, sample analysis, data recording and quality 

assurance. Recommendations are made at the end of each chapter, and these are combined in 

the concluding chapter. Competent monitoring authorities (CMAs) completing PSA in 

support of biological analysis for CSEMP and WFD monitoring programmes must adopt 

these recommendations. They will be included in the next update of the Green Book 

(http://www.cefas.co.uk/publications/scientific-series/green-book.aspx). 

 

2 Introduction  

 

Over the 15 years of the NMBAQCôs Particle Size component, some anomalies in 

participantsô results have raised questions about the methods that are used by different 

laboratories to conduct Particle Size Analysis (PSA).  A questionnaire sent out to participants 

in June 2008 confirmed these suspected differences with substantial variation in the methods 

of sediment sample collection, analysis and reporting between the laboratories who are 

involved in national level marine monitoring in the UK (e.g. CSEMP and WFD 

programmes). 

 

Following the review of the questionnaire results, a workshop was held at Cefas, Lowestoft in 

February 2009 which brought together biologists and sedimentology analysts from the UKôs 

Competent Monitoring Authorities (CMAs) and commercial laboratories. The aim of this 

workshop was to enable organisations to discuss the different methodologies used, and 

explore the options/implications of the NMBAQC recommending some óbest practiceô 

methods which should be followed by all laboratories involved in PSA for supporting 

biological analysis in the CSEMP and WFD marine monitoring programmes. Proceedings 

from the workshop are available from the NMBAQC (http://www.nmbaqcs.org/scheme-

components/particle-size-analysis/workshops.aspx). 

 

Since February 2009, workshop participants have worked together and developed a 

standardised PSA method.  This report gives best practice guidance for completion of PSA in 

support of biological analysis. The guidance is split into the following four sections: Sample 

Collection (chapter 4); Sample Analysis (chapter 5), 

http://www.cefas.co.uk/publications/scientific-series/green-book.aspx
http://www.nmbaqcs.org/scheme-components/particle-size-analysis/workshops.aspx
http://www.nmbaqcs.org/scheme-components/particle-size-analysis/workshops.aspx
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Data Reporting (chapter 6) and Quality Assurance (chapter 7) with an Appendix containing 

supporting evidence.  

 

The terminology used in this report is split into two levels: 

1. If a recommendation includes the term ómustô then this is mandatory for organisations 

completing PSA that is contributed to UK monitoring programmes.  

2. If a recommendation includes the term óshouldô then this is mandatory where practicable 

for these organisations.  
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3 Abbreviations 

 

CMA  Competent Monitoring Authority 

CSEMP Clean Seas Environmental Monitoring Programme 

CV  Coefficient of variation 

JCOP  Joint code of Practice 

MERMAN The Marine Environment Monitoring and Assessment National database 

NMBAQC  National Marine Biological Analytical Quality Control 

NMMP National Marine Monitoring Programme (now CSEMP) 

PSA  Particle size analysis 

PSD  Particle size distribution 

QA  Quality Assurance 

QC  Quality Control 

SOP  Standard Operating Procedure 

WFD  Water Framework Directive 
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4 Sample Collection 

 

Sample collection guidance is given for sites where samples are soft sediments (muds, muddy 

sands, sandy muds, sands) having a predominant particle size diameter of less than 10mm. 

This criteria is acceptable for current CSEMP sites, but must be reviewed if monitoring 

programmes are redesigned to include coarser substrates. For coarser sediments different 

sampling gear, different subsampling of sediment for PSA, and larger volume of sample will 

be required. 

 

4.1 Source of sediment sample  

 

The best practice protocol for macrobenthic grab sampling for CSEMP and WFD is to collect 

macrobenthic samples from a standard 0.1m
2
 Day grab (following Proudfoot et al., 1997).  

This ensures all macrobenthic samples collected around the UK are of a comparable 

area/volume of seabed. In order to ensure the integrity of macrobenthic samples (for 

macrobenthic infaunal analysis) all supporting parameters (sediment and chemistry) must be 

collected from a separate grab. Collection of a sediment sample from a separate grab to the 

biological sample is specific to CSEMP and WFD monitoring programmes, and continuation 

of previous sediment collection methods such as from the same grab as the biology is 

acceptable depending on the purpose of the work being completed. 

 

Given that sediment samples are collected from separate grabs to the biology grabs, it is 

important that each grab is subject to a visual assessment to ensure that the sediment type in 

the grab is representative of the sample site and biology grabs which have been collected.  A 

visual sediment description (recorded on a sample log sheet) along with a photograph of the 

sediment surface within the grab should be collected for each sample.  Depth of sample 

(from the centre of the Day grab) or volume (calculated from depth of sample multiplied by 

dimensions of grab) must be recorded, with a minimum acceptance depth of 5cm (or 

equivalent volume of 5cm depth). Grab samples must be rejected if they suffer from 

insufficient depth (less than 5cm), washout, or unequal bite. 

4.2 Method of sample collection 

 

Sediment samples for PSA must be collected as a depth integrated ócoreô from a Day grab in 

order to characterise the sediment which benthic infauna inhabit. A scoop must be inserted 

vertically into sediment as far as the grab base and rotated to create a core-like plug. This 

approach is acceptable for core samples  taken intertidally. 



FINAL  07/11/2011 

NMBAQCôs Best Practice Guidance 

Particle Size Analysis (PSA) for Supporting Biological Analysis Page 9 

Figure 4.1 shows the removal of a depth integrated ócoreô using a  scoop, in a series of photos 

from A1 to A7.   
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Figure 4.1 Removal of a depth integrated ócoreô from Day Grab sediment sample using 

a scoop 

 
 

4.3 Sample volume collected 

 

Sample volume required to ensure a representative PSA is dependant on the particle sizes 

present at the site concerned. In a muddy sediment, a relatively small volume (100 ml) is 

required for analysis because within this amount there will be millions of individual particles. 

In coarse, gravelly samples, a much greater volume of sediment is required to achieve a 

similar number of particles (British Standards Institution, 1996; Passchier, S., 2007).  For 

practical purposes, this may not be possible and in this case a 500ml subsample can be used 
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(Boyd, S, 2002). Therefore a minimum volume of sediment of 100ml must be collected for 

PSA (refer to note in chapter 4 ). 

4.4 Removal of conspicuous fauna from sediment samples in the field 

 

Field staff should inspect the sediment surface and remove any large/conspicuous (>2 cm) 

live marine fauna.  This includes any live vertebrates (e.g. small fish) or invertebrates (e.g. 

crustaceans, polychaetes, echinoderms, molluscs etc.).  Systematic removal of live marine 

fauna will be done during laboratory analysis (chapter 5.2).   

 

The presence of large/conspicuous fauna and plant material from a grab which the sediment 

sample was taken should be recorded for each sample.  

 

Shell debris (e.g. empty mollusc shells or pieces of urchin testôs, or worm tubes) must not be 

removed from the sediment sample, as these are considered a part of the marine sediment 

structure.  

 

4.5 Summary recommendations for Sample Collection 

 

Table 4.1 contains all the recommendations given in relation to sample collection. Details of 

evidence, in terms of experiments (presented in Appendix 11) as well as references are 

included alongside each recommendation where appropriate. 
 

Table 4.1 Sample Collection Recommendations 

 

Chapter 

reference 

Sample collection Evidence: 

Reference/ 

Appendix 

4 Sampling collection guidance must be reviewed if monitoring 

programmes are redesigned to include coarser substrates. 

- 

4.1 Macrobenthic samples must be collected from a standard 0.1m
2
 Day grab.  Proudfoot et al., 

1997 

4.1 All supporting parameters (sediment and chemistry) must be collected 

from a separate grab. 

Appendix 11.1 

4.1 A visual sediment description along with a photograph of the sediment 

surface within the grab should be collected for each sample. 

Appendix 11.3.3 

4.1 Grab samples must be rejected if they suffer from insufficient depth 

penetrated (<5cm), washout or unequal bite. 

Cooper, K and 

Rees, H, 2002 

4.2 Sediment samples for PSA must be collected as fully depth integrated 

cores.  

Appendix 11.1 

4.2 The depth (or volume) of sediment in the grab (from the centre) must be 

recorded, with a minimum acceptance depth of 5cm (or equivalent 

volume of 5cm depth). 

- 

4.2 A scoop must be inserted vertically into sediment as far as the grab base 

and rotated to create a core-like plug. 

- 

4.3 A minimum volume of sediment of 100ml must be collected at each 

sample site for PSA. 
Boyd, S., 2002; 

British Standards 

Institution, 1996; 

Passchier, S., 

2007 
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4.4 Field staff should inspect the sediment surface and remove any 

large/conspicuous (>2 cm) live marine fauna 

- 

4.4 The presence of large/conspicuous fauna and plant material from a grab 

which the sediment sample was taken should be recorded for each 

sample. 

- 

4.4 Shell debris must not be removed from the sediment sample. - 

 

5 Sample Analysis 

5.1 Sample storage and preservation prior to laboratory analysis  

 

Samples should be kept in a sealed plastic container or bag, and frozen as soon as possible.  

It is recognised that freezing is known to affect the fines at high resolutions, but for the broad 

PS distribution required here, and to stop decomposition of the sample freezing is required. 

 

Sample containers should be arranged so that containers are stored upright to avoid leakages.  

If samples can not be directly placed into a freezer, then a cool box can be used for duration 

of sampling episode if no refrigeration facilities are available.  

 

The time frame between samples being collected and frozen must be minimised, with a 

maximum time before freezing of 24 hours, and a maximum freezer storage time of 5 years. 

 

5.2 Removal of conspicuous fauna and flora from sediment samples in the laboratory 

 

When conducting PSA of sediment samples, laboratory staff should remove any conspicuous 

marine fauna (>1mm) which appear to have been alive at the time of sampling.  This includes 

any vertebrates (e.g. small fish) or invertebrates (e.g. crustaceans, polychaetes, echinoderms, 

molluscs etc.). Any shell debris (e.g. empty mollusc shells or pieces of urchin testôs, or worm 

tubes) must not be removed from the sediment sample, as these are considered a part of the 

marine sediment structure. 

 

Likewise any flora, such as red coralline algae, hydroids, and sabellaria, must not be 

removed if they constitute an integral component of the sediment. Presence of flora should 

be recorded in the sediment description. 

 

5.3 Sample preparation  

 

PSA methods can use various possible pre-treatments prior to analysis. These include oven or 

freeze drying the sediment, removing organics from the sediment, use of dispersant to dis-

aggregate sample, removing shell from the sediment by acid digest, as well as various 

combinations of these. 

 

Various pre-treatments were tested by NIEA (Appendix 11.1). This work has shown that 

oven drying sediment causes the aggregation of particles in muddy sediments (>5%mud). For 

these reasons such sediments should not be oven dried prior to particle size analysis.  

 



FINAL  07/11/2011 

NMBAQCôs Best Practice Guidance 

Particle Size Analysis (PSA) for Supporting Biological Analysis Page 13 

Pre-treatment of samples with hydrogen peroxide to remove organics caused differences in 

the PSDs measured, compared with samples not pre-treated in the NIEA experiment. 

However, this will be different for different sediments and therefore for some sediment (with 

no organic content) there will be no difference in the PSD measured, as shown in Cefas 

experiment (Appendix 11.1.2). Therefore, if organics are not removed, variability in the PSD 

must be expected in relation to the organic content. The organic content is considered to be 

an integral component of the sediment and must not be removed prior to PSA.  

 

Treatment of samples with dispersant did not cause differences in PSDs measured compared 

with samples not pre-treated in the NIEA experiment. Dispersants should not be used for 

PSA.   

 

Shells in the sediment must be included in PSA as these are considered an integral part of the 

marine sediment structure. 

 

5.4 Recommended PSA methodology 

 

This methodology has been produced to ensure consistency between CMAs participating in 

CSEMP and WFD monitoring programmes. Standard procedures such as those contained 

within BS1377 (British Standards Institution, 1996) were considered. BS1377 is based on 

sieve and pipette/sedimentation methods. Most laboratories now measure particle size by 

laser diffraction as this is less labour intensive, gives high resolution results, and is more 

efficient.  

 

The methodology is developed from that required to complete PSA of diamictons (mixed 

sediment including gravel, sand and mud content) (refer to Appendix 11.2.1). These 

sediments represent the most difficult to measure due to their broad distribution. Sieve and 

laser diffraction methods are used.  

 

It should be noted that for some sediment types such as clean gravel (sieving only) and 

sands/sandy muds/muddy sands (laser diffraction only) it is possible to measure using one 

technique only and therefore avoid merging issues. Merging issues arise because sieve and 

laser diffraction methods measure particle size differently. Sieving records a particle using 

the two shortest dimensions, while laser diffraction measures the particle equivalent to a 

sphere of the volume measured.  Therefore particles measured by laser diffraction are bigger 

than the same particles measured by sieves. The closer the particle is to a sphere the closer 

the similarity between the two measurements is. Examples of samples measured by both 

sieve and laser methods to allow comparison and highlight such merging issues are included 

in Appendix 11.2.3.  

 

In addition to this, laser diffraction methods may underestimate clay content (Appendix 

11.1.2 test c) and therefore may not be appropriate for use if accurate clay concentrations are 

required, for example to link to contaminant data. 

 

However, taking these limitations into account, this is the defined PSA methodology all 

CMAs must use for CSEMP and WFD monitoring programmes, in support of biological 

analysis. If a CMA wishes to use an alternative method they must submit this 

methodology to the NMBAQC and request approval before completing PSA on any 

CSEMP/WFD sediment samples. The methodology can be applied to all sediment types 
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measured (although the sample collection limitations should be taken into account (chapter 

4). All sediment >1mm (including 1mm) is measured using sieving, and all sediment <1mm 

is measured by laser diffraction. This consistency will allow sediments of all types to be 

measured, and ensure results produced by different laboratories will be able to be used to 

assess monitoring trends across a wide spatial scale.  

 

A description of each step in the PSA methodology is given below to be used in conjunction 

with a flow chart in Figure 5.1 (based on flow chart produced by Pye,K and Blott,S, 2009, in 

Appendix 11.2.1). 
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Figure 5.1 Flow chart describing steps involved in recommended PSA methodology 
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PSA Standardised Methodology 

 

5.4.1 Visual assessment   

 

Prior to PSA a sample description should be recorded. This should be as standardised as 

possible, using least dominant to most dominant sediment type present, such as muddy sand, 

which is sediment consisting predominantly of sand with some mud present. The description 

should include details regarding composition, for example, whether it is shelly. Details of 

conspicuous fauna (thought to be alive at time of sampling) that removed from the sediment 

should be recorded and noted (chapter 5.2).  

 

5.4.2 Laser diffraction analysis of <1mm sediment fraction 

 

Prepare and analyse a representative subsample of the bulk sample (wet) using laser 

diffraction. Pass the sample through a 1mm mesh prior to analysis.  
 

Ultrasound (usually completed in the instrument) should be used to assist dispersion of 

sediments prior to laser diffraction analysis.  

 

Laboratories should develop a SOP for sediments based on testing samples, based on 

experience and instrument manufacturer guidance. Advice can be requested through the 

NMBAQC. 
 

Complete laser diffraction analysis of three subsamples. Analyse each subsample for three 

measurements by laser diffraction.  

 

If there is no sediment >1mm (left on the 1mm mesh, then no further analysis is required. 

 

5.4.3 Wet splitting sediment sample at 1mm 

 

Wet split the remaining sediment at 1mm. This can be done using a 1mm sieve on a 

mechanical wet sieve shaker (for example, a Retsch AS 200), or by placing a 1mm 

sieve/mesh over a bucket. The sediment is placed on the 1mm sieve/mesh and then water is 

used to flush sediment < 1mm through the sieve/mesh.  

 

Care must be taken not to overload the sieve/mesh or it will become blocked and sediment 

<1mm will not be able to get through it.  

 
Water should run clear to show no fine sediment is still present on the top of the sieve/mesh. 

 

Wash sediment from the top of the 1mm sieve/mesh into a container. Dry the >1mm 

sediment if this sediment is to be dry sieved, and once dried leave to cool. 

 

Alternatively the sediment can be wet sieved with sieve sizes defined in Table 5.1. The dry 

weight of sediment in each sieve is then recorded as for dry sieving (chapter 5.4.5). Please 

note that oven drying is acceptable as a drying method for samples that have been wet sieved 
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at 1mm for both the sediment >1mm (there is no fine fraction to adhere to coarse particles in 

this sediment prior to dry sieving (chapter 5.4.5)) and <1mm (there is no further subsequent 

analysis required on this fraction (chapter 5.4.4). 

 

5.4.4 Weight of <1mm sediment fraction 

 

Leave sediment <1mm to settle out from the water over a 24 hour period. Siphon off the clear 

water from above the sediment surface and then wash the <1mm sediment into a pre-weighed 

container. Dry the <1mm sediment and record weight. 

 

5.4.5 Dry sieving >1mm sediment fraction 

 

Dry sieve the sediment >1mm at 0.5ű intervals. Record weight retained by each sieve.  Sieve 

sizes (corresponding to ű scale) that must be used are listed in Table 5.1. 
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Table 5.1 Sieve sizes at 0.5ű intervals 
 

ű value Equivalent 

sieve size 

(mm) 

-6 63 

-5.5 45 

-5 31.5 

-4.5 22.4 

-4 16 

-3.5 11.2 

-3 8 

-2.5 5.6 

-2 4 

-1.5 2.8 

-1 2 

-0.5 1.4 

0 1 

 

5.4.6 Merging of sieve and laser diffraction data 

 

After completing QA of sieve and laser data (chapter 7), merge the sieve and laser data 

together to produce a complete PSD at 0.5ű intervals, by completing the following 

calculations. A worked example of these calculation steps is also included in Appendix 

11.2.4. Higher resolution of laser data (for example to 0.25ű intervals) is relatively easy to 

achieve but at there is no evidence to prove this added detail is necessary for required 

purpose. Therefore PSD at 0.5ű intervals is the minimum resolution expected for NMBAQC 

purposes currently. 

 

Remove any laser data >1mm, and then rescale it to 100%. 

 

Convert laser data into weights (using total weight of <1mm sediment ï (chapter 5.4.4) + dry 

sieve pan (sediment <1mm) (chapter 5.4.5)). 

 

Use sieve weights for sediment >1mm including 1mm fraction, and derived laser weights for 

sediment <1mm. 

 

Produce a merged PSD percentage distribution at 0.5ű intervals.  

 

Some laser sizing instruments have modelling software that enables users to add sieve data to 

the laser data and merge together. For NMBAQC purposes, such modelling software must 

not be used as it may merge the data in a different way and introduce inconsistencies to the 

data. Laser data must be merged with sieve data independently. 

 














































































































