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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 300, Solid recovered materials, including 
solid recovered fuels, in collaboration with the European Committee for Standardization (CEN) Technical 
Committee CEN/TC 343, Solid recovered materials, including solid recovered fuels, in accordance with the 
Agreement on technical cooperation between ISO and CEN (Vienna Agreement).

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

Accurate determination of the element content in solid recovered fuels is important for environmental and 
technical reasons both in the production and combustion stage. Some of the elements determined by the 
application of one of the methods in this document are included in ISO 21640 [1] while other elements can 
have environmental implications both for emissions and for the bottom and fly ashes disposal or recovery. 
Furthermore, the determination of elements such as Al, Ca, Fe, Mg, P, K, Si, Na and Ti can be helpful to predict 
the melting behaviour and slagging of the ash.

The methods described in this document provide multi-element digestions for a wide range of solid 
recovered fuels. The elements that are extractable and determined by these procedures can in many 
instances be described as ‘total element contents’, although this will be matrix dependent. After digestion, 
a number of analytical techniques can be used for the accurate determination of major and minor element 
contents, e.g. inductively coupled plasma with optical or mass detection (ICP-OES, ICP-MS), graphite furnace 
atomic absorption spectrometry (GF-AAS) and specific direct methods (e.g. for mercury, sulfur).

Alternatively, X-ray fluorescence can be used as a fast method for a qualitative overview of ash forming 
elements and impurities of solid recovered fuels. After suitable calibration, X-ray fluorescence is very 
useful for determining major elements or even minor elements (except mercury and beryllium) in solid 
recovered fuels according to ISO 22940. For calibration of X-ray fluorescence, it is important to use several 
solid recovered fuel reference materials or solid recovered fuel samples that were carefully characterized 
after total digestion and measurement by ICP-OES, ICP-MS, GF-AAS or by other techniques such as elemental 
analysis using combustion technology on sulfur (see ISO 21663 [2]).

After ashing of solid recovered fuels, X-ray fluorescence allows the simultaneous determination of major 
elements (Al, Ca, Fe, Mg, P, K, Si, Na, Ti) in the ashes after matrix-based calibration (procedures for this are 
described in ISO 22940 and EN 15309).
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International Standard ISO 3884:2025(en)

Solid recovered fuels — Methods for the determination of the 
content of elements (Al, Ca, Fe, K, Mg, Na, P, S, Si, Ti, As, Ba, Be, 
Cd, Co, Cr, Cu, Hg, Mo, Mn, Ni, Pb, Sb, Se, Sn, Tl, V, Zn)

1 Scope

This document specifies methods for the determination of major and minor element concentrations in solid 
recovered fuels after digestion by the use of different acid mixtures and by addition of a fluxing agent for 
solid recovered fuel (SRF) ash.

a) Method A: Microwave assisted digestion with hydrochloric, nitric and hydrofluoric acid mixture (6 ml 
HCl; 2 ml HNO3; 2 ml HF) followed by boric acid complexation;

b) Method AT: Microwave assisted digestion with hydrochloric, nitric and tetrafluoroboric acid mixture 
(6 ml HCl; 2 ml HNO3; 4 ml HBF4);

c) Method B: Microwave assisted digestion with hydrochloric, nitric and hydrofluoric acid mixture (0,5 ml 
HCl; 6 ml HNO3; 1 ml HF) followed by boric acid complexation;

d) Method BT: Microwave assisted digestion with hydrochloric, nitric and tetrafluoroboric acid mixture 
(0,5 ml HCl; 6 ml HNO3; 2 ml HBF4);

e) Method C: Microwave assisted digestion with nitric acid, hydrogen peroxide and hydrofluoric acid 
mixture (2,5 ml H2O2; 5 ml HNO3; 0,4 ml HF) and optional boric acid complexation;

f) Method CT: Microwave assisted digestion with nitric acid, hydrogen peroxide and tetrafluoroboric acid 
mixture (2,5 ml H2O2; 5 ml HNO3; 0,8 ml HBF4);

g) Method D: Digestion of the ashed SRF sample with fluxing agent lithium metaborate in an oven at 
1 050 °C.

This document is applicable for the following major and minor/trace elements:

— Major elements: aluminium (Al), calcium (Ca), iron (Fe), potassium (K), magnesium (Mg), sodium (Na), 
phosphorus (P), sulfur (S), silicon (Si) and titanium (Ti).

— Minor/trace elements: arsenic (As), barium (Ba), beryllium (Be), cadmium (Cd), cobalt (Co), chromium 
(Cr), copper (Cu), mercury (Hg), molybdenum (Mo), manganese (Mn), nickel (Ni), lead (Pb), antimony 
(Sb), selenium (Se), tin (Sn), thallium (Tl), vanadium (V) and zinc (Zn).

Method A is applicable for general use for SRF and ashed SRFs, but the amount of the test portion can be 
very low in case of high concentration of organic matter. Method AT can be used if an alternative to HF is 
necessary.

Method B with a higher volume of nitric acid is applicable for SRFs with high organic matter (e.g. suitable 
for high plastic content) that can be difficult to digest with less nitric acid or as a substitute for method A if 
appropriate equipment is not available. Method BT can be used if an alternative to HF is necessary.

Method C with combination of nitric acid and hydrogen peroxide and addition of hydrofluoric acid is 
applicable for wood based SRFs (e.g. demolition wood) or when there is a need for comparability to solid 
biofuel standards. Method CT can be used if an alternative to HF is necessary.

Method D is specifically applicable for determination of major elements in ashed SRF samples.
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