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REFERENCE SHEET 

CERTIFIED REFERENCE MATERIAL 

IAEA-477 
 

POLYCYCLIC AROMATIC HYDROCARBONS IN IAEA-477 SEDIMENT SAMPLE 

Certified mass fraction values  

(based on dry mass) 
 

Compound  Unit  Certified value1 
 U (k=2)2 

 

Naphthalene µg kg-1 4.5 1.8 

2-Methylnaphthalene µg kg-1 2.4 0.7 

1-Methylnaphthalene µg kg-1 1.4 0.5 

Phenanthrene µg kg-1 4.6 1.3 

Anthracene µg kg-1 1.3 0.5 

1-Methylphenanthrene µg kg-1 1.5 0.6 

2-Methylphenanthrene µg kg-1 2.4 0.9 

C1-Phen/Anth µg kg-1 7.6 2.3 

Fluoranthene µg kg-1 6.6 1.7 

Pyrene µg kg-1 6.2 1.6 

Benz[a]anthracene µg kg-1 2.4 0.6 
1 The value is the mean of the means of the accepted sets of data, each set being obtained by different laboratory. 

The certified values are reported on dry mass basis and are traceable to the SI. 
2 Expanded uncertainty evaluated according to ISO Guide 35 [1] with a coverage factor k=2 estimated in 
accordance with the JCGM 100:2008 Evaluation of measurement data – Guide to the expression of uncertainty in 

measurement [2], corresponding to the level of confidence of about 95%. 
 

  Certified mass fraction values (Cont.) 
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(based on dry mass) 
 

Compound  Unit  Certified value1 
 U (k=2)2 

 

Chrysene (+ Triphenylene) µg kg-1 3.5 0.9 

C1-Chrysenes µg kg-1 4.1 1.3 

Benzo[b+j]fluoranthene µg kg-1 5.0 1.2 

Benzo[k]fluoranthene µg kg-1 2.1 0.6 

Benzo[e]pyrene µg kg-1 3.9 1.3 

Benzo[a]pyrene µg kg-1 2.9 0.7 

Indeno[1,2,3-c,d]pyrene µg kg-1 2.6 0.7 

Benzo[g,h,i]perylene µg kg-1 3.0 0.7 
1 The value is the mean of the mean of the accepted sets of data, each set being obtained by different laboratory. 
The certified values are reported on dry mass basis and are traceable to the SI. 
2 Expanded uncertainty evaluated according to ISO Guide 35 [1] with a coverage factor k=2 estimated in 
accordance with the JCGM 100:2008 Evaluation of measurement data – Guide to the expression of uncertainty in 
measurement [2], corresponding to the level of confidence of about 95%. 

 
 

 
 

 
Information mass fraction values  

(based on dry mass) 
 

Compound Unit Information value1 U (k=2)2 

    

C2-Naphthalenes µg kg-1 8.0 4.0 

C3-Naphthalenes µg kg-1 5.2 2.3 

Biphenyl µg kg-1 2.0 0.7 

Acenaphthylene µg kg-1 0.7 0.3 

Fluorene µg kg-1 0.8 0.3 

Acenaphthene µg kg-1 0.3 0.2 

C1-Fluorenes µg kg-1 2.7 1.4 

C2-Fluorenes µg kg-1 3.8 2.1 

C3-Fluorenes µg kg-1 4.3 2.9 

Dibenzothiophene µg kg-1 0.6 0.2 

C1-Dibenzothiophenes µg kg-1 2.5 1.4 
1 The value is the mean of the mean of the accepted sets of data, each set being obtained by different laboratory. 

The information values are reported on dry mass basis and are traceable to the SI. 
2 Expanded uncertainty evaluated according to ISO Guide 35 [1] with a coverage factor k=2 estimated in 
accordance with the JCGM 100:2008 Evaluation of measurement data – Guide to the expression of uncertainty in 

measurement [2], corresponding to the level of confidence of about 95%. 

 
Information mass fraction values (Cont.) 
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(based on dry mass) 
 

Compound Unit Information value1 U (k=2)2 

    

C2-Dibenzothiophenes µg kg-1 7.6 5.9 

C3-Dibenzothiophenes µg kg-1 7.5 3.7 

C2-Phen/Anth µg kg-1 8.6 3.2 

C3-Phen/Anth µg kg-1 4.9 2.3 

C4-Phen/Anth µg kg-1 2.4 0.6 

1-Metylpyrene µg kg-1 0.7 -- 

C1-Fluoranthenes/pyrenes µg kg-1 4.4 2.2 

C2-Fluoranthenes/pyrenes µg kg-1 3.5 2.4 

C3-Fluoranthenes/pyrenes µg kg-1 2.1 -- 

Chrysene µg kg-1 4.0 2.7 

Triphenylene µg kg-1 0.8 -- 

C2-Chrysenes µg kg-1 3.5 1.5 

C3-Chrysenes µg kg-1 1.6 -- 

Benzo[b]fluoranthene µg kg-1 5.8 3.8 

Benzo[j]fluoranthene µg kg-1 2.2 1.9 

Benzo[a]fluoranthene µg kg-1 0.7 -- 

Dibenz[a,h]anthracene µg kg-1 0.4 0.1 

Perylene µg kg-1 35.6 16.9 
1 The value is the mean of the mean of the accepted sets of data, except for C3-Chrysenes where the value is the 

robust mean. Each set of data is being obtained by different laboratory.The information values are reported on dry 
mass basis and are traceable to the SI. 
2 Expanded uncertainty evaluated according to ISO Guide 35 [1] with a coverage factor k=2 estimated in 

accordance with the JCGM 100:2008 Evaluation of measurement data – Guide to the expression of uncertainty in 
measurement [2], corresponding to the level of confidence of about 95%. 

 
 
Origin and preparation of the material 
Two sediment samples were collected in Queensland region, Australia using a Van Veen type sampler. 
One site was sampled in Townsville Marina and the other in Townsville Ross River. Frozen samples 
were sent from Brisbane to IAEA laboratories in Monaco. Sediment sample was freeze-dried, 
micronized at 20 µm and γ-irradiated at doses ranging from 27 to 39.5 kGy. The final powdered 
composite sediment, about 15 kg, was homogenized by mixing it in a stainless-steel rotating drum for 
three weeks. Then, aliquots of about 50 grams were packaged into cleaned amber glass bott les with 
screw caps and labeled IAEA-477. 
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Homogeneity of the material 
 
To establish the degree of homogeneity of the reference material with respect to the properties of 
interest, both within- and between-unit homogeneity must be evaluated to ensure that all distributed 
units are the same within the stated uncertainty [1]. 
Homogeneity test was performed by MESL after the bottling of the sample material. The between-
bottle homogeneity of the material was assessed by determining the concentration of selected parent 
polycyclic aromatic hydrocarbons (PAHs) in replicate analysis from 10 bottles (5 g sample intake) 
randomly selected during the whole bottling process of the bulk dry powder.  
 
The uncertainty contribution related to inhomogeneity was estimated to range from 3.3 to 8.4 %, and, 
thus, the uncertainty associated with inhomogeneity was set at 8 % for all PAH analytes.  
 
 
Characterization study 
 
The selection of participants for this certification exercise was based on the measurement 
performances demonstrated by laboratories in the previous IAEA inter-laboratory comparisons on 
marine sediments. Participants were requested to analyse PAHs by the analytical technique of their 
choice. They were also requested to make six separate determinations with the applied quality control 
procedures, including results for the organic contaminants in a CRM with a matrix similar to the 
candidate reference material.  
The characterization of the PAHs was performed by using four different analytical techniques: gas 
chromatography/mass spectrometry (GC-MS), gas chromatography/high resolution mass 
spectrometry (GC-HRMS), gas chromatography tandem mass spectrometry (GC-MS/MS) and high-
performance liquid chromatography/fluorescence detector (HPLC–FLD) 
 
Assignment of values – Certification procedure 
The assigned property values were derived from 12 independent datasets reported by participant 
laboratories to the IAEA-MESL. The mean of the laboratory means was taken as the best estimate of 
the property value, and certified values were assigned to those compounds where the assigned value 
was derived from at least 5 datasets and its relative expanded uncertainties was less than 40 % of the 
assigned value. 
The uncertainties associated with the assigned property values were evaluated according to ISO Guide 
35 [1]. The relative combined uncertainty of the assigned property value of the CRM involved 
combining the standard uncertainties associated with the characterization (uchar), homogeneity (uhom), 
and stability (ustab). These different contributions were combined to estimate the final standard 
uncertainty. 
The details concerning all reported results as well as the criteria for qualification as a certified, or 
information value are reported in “Certification of Polycyclic Aromatic Hydrocarbons, Mass Fractions 
in IAEA-477 Sediment Sample” IAEA/AQ/61, IAEA, Vienna, 2020 [3]. The report may be downloaded 
free of charge from:  
https://iaeacloud.sharepoint.com/:b:/r/teams/IRM/ReferenceMaterials/Organic_Compounds/IAEA-
477/Report/IAEA-477_AQ-61.pdf?csf=1&web=1&e=iMVgWs 
Based on the evidence on calibrators used, quality control procedures applied by the participating 
laboratories and their generally high-quality performance in previous IAEA interlaboratory 
comparisons, the Certification Committee decided to accept these assigned values as certified or 
information as presented in the Tables above. 
  

https://iaeacloud.sharepoint.com/:b:/r/teams/IRM/ReferenceMaterials/Organic_Compounds/IAEA-477/Report/IAEA-477_AQ-61.pdf?csf=1&web=1&e=iMVgWs
https://iaeacloud.sharepoint.com/:b:/r/teams/IRM/ReferenceMaterials/Organic_Compounds/IAEA-477/Report/IAEA-477_AQ-61.pdf?csf=1&web=1&e=iMVgWs
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Statement on metrological traceability, commutability, and uncertainty of assigned values 
 
The property values assigned to the IAEA-477 reference material are calculated as mass fractions of 
PAHs expressed in the derived SI unit µg kg-1. Evidence on metrological traceability to the SI Units of 
reference materials and calibrators used in the characterization process was provided by all 
laboratories in their reports. More details may be found in reference [3].  
 
Expanded uncertainties with a coverage factor of k=2, corresponding to a level of confidence of 
approximately 95%, were calculated according to JCGM100:2008 Evaluation of measurement data – 
Guide to the expression of uncertainty in measurement [2]. 
 
Intended use 
 
This certified reference material is intended to be used as a quality control material for the assessment 
of a laboratory’s analytical work, for the development and validation of analytical procedures, and for 
quality assurance within a laboratory in the determination of polycyclic aromatic hydrocarbons in 
sediment samples with relatively low concentration levels and close to the method detection limits. 
 
Instructions for use 
 
The reference material is supplied in 50 g units. The recommended sample size for analysis is 5 g. 
 
Dry mass determination 
 
The moisture content of the lyophilized sample as determined by drying to a constant mass at 105°C 
was found to be 0.9± 0.4%. Since the moisture content can change with the ambient humidity and 
temperature, it is recommended that it always be determined in a separate sub-sample (not the one 
taken for analysis) by drying to a constant mass (approximately 24 hours) at 105°C. Results should 
always be reported on a dry mass basis. 
 
Handling and storage 
 
The material should be stored in the dark and kept at temperature below 30°C. 
Analysts are reminded to take appropriate precautions in order to avoid contamination of the material 
during handling. 
 
Issue and expiry date 
 
The original issue date of this reference material is December 2019. The expiry date is December 2029. 
The CRM will be monitored at regular intervals and changes, which may occur, will be reflected in an 
updated certificate of analysis provided to the users.  
. 
 
Legal disclaimer 
 
The IAEA makes no warranties, expressed or implied, with respect to the data contained in this 
reference sheet and shall not be liable for any damage that may result from the use of such data.  
  



 
 

RS_IAEA-477 [Rev.00.01]/ 2019-02-14 Page 6 of 7 
 
 

Compliance with ISO Guide 31:2015 
 
The content of this this IAEA Reference Sheet is in compliance with the ISO Guide 31:2015: Reference 
materials – Contents of certificates and labels [4]. 
 
Citation of this reference sheet  
 
It is suggested to cite this reference sheet according to the following example, as appropriate to the 
citation format used: INTERNATIONAL ATOMIC ENERGY AGENCY, Reference Sheet for CRM IAEA-477, 
Certification of Polycyclic Aromatic Hydrocarbons Mass Fractions in IAEA-477 Sediment Sample. IAEA, 
Vienna, 7pp. (The latest version published applies, see “Note” below).  
 
Note  
 
Certified values as stated in this reference sheet may be updated if more information becomes 
available. Users of this material should ensure that the reference sheet in their possession is current. 
The current version may be found in the IAEA’s Reference Materials online catalogue:  
https://nucleus.iaea.org/sites/ReferenceMaterials/Pages/IAEA-477.aspx 
 
 
 
Further information: 
 
For further information regarding this material, please contact:  
 Marine Environmental Studies Laboratory 
International Atomic Energy Agency 
Environment Laboratories 
4, Quai Antoine 1er 
MC 98000 MONACO 
 
Tel.: 377 97 97 72 72 
Fax: 377 97 97 72 73 
E-mail: NAEL-MESL.Contact-Point@iaea.org  
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