A WHITE PAPER FROM
SPECTRO ANALYTICAL INSTRUMENTS

Elemental Compliance
Screening with XRF
Helping to meet the legislative challenge

Introduction
National and international legislation has

the only way of demonstrating compliance.

been introduced around the world aimed

X-ray Fluorescence Spectrometry is not only

at reducing the health and environmental

very suitable for the detection of these heavy

impacts of a variety of harmful substances

elements, but in many applications has the

in consumer goods and other manufactured

added advantage of being non-destructive.

products. Controls exist not only on the

This makes it particularly attractive for

materials used in manufacture but on the

rapid screening tests. The SPECTRO xSORT

procedures used for disposal of products

handheld XRF spectrometer from SPECTRO

at the end of their useful lives. Different

Analytical Instruments has exceptional

standards apply in different countries

performance for this class of instrument,

to products as diverse as electrical and

and can provide laboratory quality screening

electronic products, toys and cosmetics.

results in a matter of seconds.

Certain notorious “heavy” elements,

SPECTRO also produces a range of other

especially lead, figure widely in the

analytical instruments with applications in

legislation, so elemental analysis may be

compliance testing.

CONSUMER PROTECTION
LEGISLATION AND THE HEAVY
ELEMENTS

stances in such products, and to reduce
their environmental impact when they are
taken out of use by encouraging recovery
and recycling. Many of the same substanc-

Legislation varies from country to country,

es are used in the manufacture of motor

but clearly any manufacturer or processor

vehicles, so their disposal and recycling is

exporting to or importing from another

now also controlled by legislation: Several

country will have to ensure that the relevant

non-EU countries have introduced similar

legislation is complied with. Here are some

legislation, notably China (China Standard

examples of current legislation:

SJ/T 11364), Korea and Taiwan, all of whom
export electronic goods to the EU. In the

Electrical and Electronic Products

United States, the State of California has

The European Union has introduced legis-

introduced its own version of RoHS, apply-

lation to reduce the levels of harmful sub-

ing to “covered electronic devices” which
are essentially video display devices like
cathode ray tubes and plasma screens. The
drive for environmental responsibility has
also led several electronics manufacturers
to demand levels of toxic materials from
their suppliers below those required by legislation. In some cases the quantitative
limits apply to the element itself, in others to compounds on species of the
element.
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Chemicals

Toys and Children’s Goods

Again in the EU, the REACH (Registration,

The inclination of small children to suck and

Evaluation, Authorization and Restriction

chew on toys, thereby potentially ingesting

of Chemical substances, EC/1907/2006) di-

any toxic materials, has led to restrictions

rective places controls on any substance

on the use of lead paints on toys for many

manufactured in or imported into the EU

years. The “Lead Paint Rule” in the USA’s

in quantities of 1 metric tonne per year or

Consumer Product Safety Improvement

more. This legislation is in process of enact-

Act (CPSIA) of 2008, limits the level of lead

ment, and will replace earlier legislation like

in paint used in children’s toys to 0.009%

the Restriction on the Marketing and Use of

(90mg/kg) while limiting the total in any part

Dangerous Chemicals (76/796/EC) by 2015.

of the item to 0.03% (300mg/kg), with pro-

REACH places requirements on the classifi-

gressive reductions to 0.01% (100mg/kg)

cation, packaging and labeling of chemicals.

over three years. Clearly it is the bioavail-

A Candidate List of Substances of Very High

ability of the toxic substance that really mat-

Concern (SVHC) published by the European

ters, and with this in mind the EU’s

Chemicals Agency (ECHA), lists chemicals

Directive 2009/48/EC in amnex I

to which the legislation already applies.

“Safety of toys“. “Migration of

Included in the list are several heavy met-

certain elements” sets limits

al compounds like TBTO (tributyltin oxide).

on element migration from

In the United States, the Toxic Substances

toy materials.

Control Act (TSCA) gives the EPA the authority to require reporting, record-keeping
and testing of chemical substances, with
particular emphasis on lead.

Elemental Compliance Screening with XRF
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Other Products
Consumer products of all kinds may be
affected by this type of legislation in different countries. California’s Safe Drinking
Water and Toxic Enforcement Act of 1986,
better known by its original name of Proposition 65, requires businesses to notify
Californians about significant amounts of
chemicals known to cause cancer or reproductive toxicity occurring in the products
they purchase, in their homes or workplaces. This list has grown to include over 750
chemicals since first published in 1987, and
again includes several heavy elements and
their compounds. Clearly this could apply
to virtually any product, and “Prop 65” derived limits on heavy metals have been introduced on products as diverse as lipsticks
(Pb limit 5 ppm) neoprene clothing (30 ppm
Pb) and casino chips (50 ppm Pb).

PRODUCT SCREENING
WITH SPECTRO xSORT
Cosmetics
Cosmetics and toiletry products pose an ob-

Analysis is not always necessary for a

vious risk to health if they contain toxic sub-

manufacturer or processor to demonstrate

stances, and their composition is controlled

compliance to these rules – supplier docu-

in many countries. Annex II of 76/768/EEC

mentation with a strong audit trail may be

lists over 1,000 substances whose use is

sufficient. When such documentation is not

prohibited in cosmetic products in the EU.

available, or the history of the item is un-

Most of these are organic, but there are a

known, analysis will usually be needed.

number of heavy elements and their compounds. In 2009, lead limits for certain
cosmetic products were reported from the
state of California:
• For lipsticks and lip liners – the lead
content should be less than 5 ppm.
• For eye shadows and blushes – the lead
content should be less than 10 ppm.
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There are many analytical methods avail-

heavy metals. Small, handheld (XRF) spec-

able for the detection and quantification of

trometers have been designed for this task,

heavy elements. Most of them, like colorim-

and the SPECTRO xSORT hand held instru-

etry, atomic absorption (AAS and GFAAS)

ment employs the latest XRF technology to

and ICP spectrometry (ICP-OES), require the

achieve the performance needed for mean-

sample to be in solution. Dissolution can

ingful product screening.

be time-consuming and also results in the

The technique works by irradiating the sam-

destruction of the object under test. Fur-

ple with a beam of X-rays. This induces fluo-

thermore these methods cannot easily be

rescence in the atoms in the sample, which is

used for field measurements, for example to

then re-emitted as X-rays of a lower energy.

screen a consignment of goods on receipt.

Each element emits X-rays of different and

X-ray fluorescence (XRF) spectrometry is a

unique energies or wavelengths, whose in-

well established technique for the analysis of

tensity can be calculated to the concentration

most elements in the Periodic Table, and has

of that element in the sample. Detection sys-

its best sensitivity for the heavy elements, in-

tems have been developed that can discrim-

cluding non-metals like Cl and Br, which are

inate between the energies emitted, mea-

environmentally significant but difficult to

sure their intensities and hence determine

measure with some of the other techniques.

the concentration of the different elements

It can also, in many situations, be non de-

in the sample. This technology is known as

structive, portable and capable of producing

Energy Dispersive X-ray Fluorescence, or

results in a few seconds. This makes it an

ED-XRF. The xSORT has been optimized for

ideal technique for screening products for

fatigue-free on-site measurements.

Elemental Compliance Screening with XRF
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SOME RELEVANT DESIGN
CONSIDERATIONS ARE:
Weight, convenience and portability.
Complete with battery pack, the SPECTRO
xSORT weighs less than 4 pounds (1.64 Kg)
and has an ergonomically designed handle
and grip. All that is necessary to carry out

Analytical Performance

an analysis is to point the instrument in con-

The two components that define the funda-

tact with the surface of the test sample and

mental performance of an ED-XRF system

press the trigger. Usually little or no sample

are the X-ray source and the detector. The

preparation is required. The user interface

stability of the primary source of X-rays af-

and results are displayed on an optimally

fects both the ultimate detection limit of the

integrated touchscreen. The instrument is

instrument and the precision of the analysis.

robust, with a shock-resistant ABS plastic

Some early handheld ED-XRF instruments

housing. When not in use it can be carried

used radioactive isotopes as the source

in a handy holster.

of primary X-rays, but these have associated safety and stability problems. In the
SPECTRO xSORT a miniaturized low power X-ray tube, a close relative to the ones
used in SPECTRO’s high performance laboratory analyzers, ensures exactly defined
excitation and hence good precision. The
detector used in the xSORT is an advanced
Silicon Drift Detector, or SDD. Compared
to the Si PIN diode detectors used in many
other instruments, the SDD displays better
resolution (ability to discriminate between
elements) and can process information
ten times faster, giving faster analysis. The
xSORT can produce reliable screening results in about 15 - 30 seconds.
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the limit specification. If the result is considered unreliable it is reported as “inconclusive”, and further testing is needed. Note
that as with all analytical techniques, there
are a number of sample-related factors that
can influence the result, and these are discussed in more detail later. All these results
can be stored or sent to an external printer
or PC.
The role of the automatic shutter in protecting the operator has already been mentioned. As an added safety feature, the
SPECTRO xSORT recognizes if no sample is
present a fraction of a second after a measurement is started by the operator. If not,
the shutter is closed immediately and the
analysis aborted. There are also LED’s on
the side of the instrument to tell the operator
and others in the vicinity when the X-ray tube

Easy and Safe to Use

is activated and a measurement is in prog-

It is not necessary to be an XRF specialist to

ress. Note that when very small or thin sam-

carry out successful heavy element screen-

ples are being examined, there could still be

ing with the SPECTRO xSORT. The easy to

a risk to the operator from X-rays that have

understand graphical interface allows oper-

passed through or been scattered around

ations to be selected directly on the touch-

the sample. The xSORT can be mounted in a

screen using a finger or a stylus. Calibration

Docking Station that shields the operator to

of the instrument is automatic using stored

eliminate any such risk.

calibrations combined with SPECTRO’s iCAL
(Intelligent Calibration Logic). With any XRF

Pass or Fail?

instrument stored calibrations must be peri-

XRF is without doubt the quickest and most

odically checked against a known standard.

convenient method for detecting heavy el-

The xSORT is fitted with an automatic shut-

ements in consumer goods, and is recom-

ter that closes between each measurement,

mended in a number of official methods,

partly to protect internal components and

including IEC 62321-3-1 and ASTM F2617,

partly to protect the operator from possible

both of which describe procedures for

exposure to X-rays. iCAL ingeniously uses

the analysis of lead, cadmium, chromium,

the shutter itself (i.e. when it is closed) as

mercury and bromine by XRF. There are,

the external standard and checks the cali-

how-ever, a number of factors that need to

bration between measurements. No opera-

be considered when interpreting the results

tor intervention is required as any necessary

from XRF screening.

adjustments are made automatically. xSORT
can automatically compare the results of the
analysis with a stored library of limit values
and calculate if the sample is above or below

Elemental Compliance Screening with XRF
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Spectra of ABS and PVC samples containing

Spectra of one type of ABS sample, at different

similar levels of traces.

thicknesses.

Sample Related Factors

determines the total element concentration,

1. XRF determines elemental concentra-

and does not discriminate between the two

tions, whereas the legal limit may refer to

valence states. However, as a screening test,

a compound of the element. Typical exam-

XRF can indicate the presence or absence of

ples are the brominated flame retardants

chromium – clearly if the total chromium in

PBB (polybrominated biphenyls) and PBDE

the sample is below the chromium VI limit,

(polybrominated diphenyl ethers) regulated

the sample must also be below the limit.

by RoHS at 1000 mg/kg. These contain up to

3. Like any analytical technique, XRF can

approximately 70% of elemental bromine,

be subject to interferences from the sample

so the “pass/fail” level for a screening test

matrix. One element present in a high con-

would be around 700 mg/kg Br.

centration can cause errors in the measure-

2. Speciation is a similar consideration.

ment of another, minor element. An exam-

Hexavalent chromiumVI is extremely toxic,

ple might be the presence of high concen-

trivalent chromium III much less so. XRF

trations of Br or Sb based flame retardant
additives in plastics. The fluorescence intensity itself can also be affected by the matrix
as shown in these spectra of PE and PVC
samples each with the same lead content of
500 mg/kg. This effect can be taken into account in the calibration procedures used.
4. If the sample is homogeneous, the result of the XRF analysis will normally be
highly reliable. If not, caution has to be exercised in interpreting the results. Being highly energetic, X-rays can penetrate a small
distance into the sample. This means that if
the sample is covered by a thin layer of paint
or some other coating, the result will be a
composite value of the concentrations in the
paint and in what lies beneath. By the same
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token, a thick layer of paint will give a higher reading than a thin layer, even if the concentration of the measured element is uniform throughout the paint. The same would
apply to different thicknesses of plastic, as
shown by these spectra of PE samples with
1, 2 and 9 mm thicknesses, each with a lead
content of 500 mg/kg. The SPECTRO xSORT
has built-in thickness correction to overcome this problem. Sometimes it may be
acceptable to mechanically “homogenize”
the sample, e.g. by milling, as a precursor to
screening measurements.
5. The X-ray beam has a finite cross sec-

SPECTRO MIDEX

tion. If the toxic material is concentrated in a
very small area of the object that is smaller

extracted from toy materials under condi-

than the X-ray beam, once again an average

tions which simulate the material remaining

result will be obtained. A small component

in contact with stomach acid for a period of

on a printed circuit board might be such

time after swallowing. The elemental con-

an example. The SPECTRO MIDEX ED-XRF

tent of the resulting solution is then mea-

spectrometer has been specially developed

sured by a solution technique such as ICP-

for studying very small samples, having an

OES. In this case, while not recommended

X-ray beam that can be collimated to only

for normative measurements, XRF can still

0.2 mm.

be used to indicate the presence of heavy

6. Several, regulations, like Directive

metals in the original object.

2009/48/EX „Safety of Toys“, seek to limit

The IEC 62321 method for the RoHS ele-

the bioavailability of the toxic materials by

ments takes these factors into account in the

specifying their migration. In official meth-

analytical procedure that forms part of the

ods described in this and other standards

method and on which the following figure

like ASTM F963-07, soluble elements are

is based:

Elemental Compliance Screening with XRF
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SPECTRO ARCOS

SPECTRO XEPOS

While XRF is recommended for screening

Results that are well below or well above

measurements, the standard also recogniz-

the limit do not present a problem. However

es that only methods that eliminate sample

when the measured value is close to the limit

effects can be used as verification tests for

value, any uncertainty in the measurement

the final confirmation of compliance. These

makes the decision more difficult.

are invariably solution techniques like ICP-

The uncertainty of an analytical measurement

OES spectrometry, and instruments like the

is normally expressed using well-known sta-

SPECTRO ARCOS represent the state-of-the

tistical conventions. The precision of the

art in such instrumentation.

measurement is expressed in terms of the

It has been mentioned before that in the case

Standard Deviation (SD, “sigma”, σ or re-

of RoHS, analysis of finished products may

peatability) of a number of measurements

not be needed if it can be demonstrated that

and indicates the spread of the data about

fully compliant materials have been used in

the average (or mean) result. The smaller the

their manufacture. The SPECTRO XEPOS is

SD, the better is the precision of the mea-

a high sensitivity, laboratory ED-XRF instru-

surement. 2σ is twice the standard deviation

ment suitable for screening bulk materials.

and indicates that 95% of readings will fall
within this range. Clearly any concentration

Repeatability, Precision
and the Pass/Fail Decision

reported that is of the same magnitude as the

As mentioned previously, when configured

which leads to the concept of Limit Of Detec-

for RoHS screening, the SPECTRO xSORT

tion or LOD, the lowest concentration that can

can compare results with stored limit values

be reliably measured. This is conventionally

and display results as ABOVE LIMIT, BELOW

3σ. Taking Cd in polymers as an example, we

LIMIT or INCONCLUSIVE.

have BL ≤ (70-3σ) < X < (130+3σ) ≤ OL.

measurement error is going to be unreliable,

For cadmium the RoHS limiting value is 100
mg/kg. If the repeatability of the analytical
instrument for this measurement is 5 mg/
kg, it follows that if the analyzed value is
smaller than 55 mg/kg, the limiting value has
probably been met and the instrument will
report “BELOW LIMIT”. If the analyzed value is higher than 145 mg/kg, the sample is
“ABOVE LIMIT”. In the range between these
values, the instrument reports an “INCON-
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In IEC 62321-3-1, this is used to calculate when a given measurement is inconclusive using the
decision process described in the table below, where all concentrations are in mg/kg (ppm).
Element

Polymers

Metals

Composite Material

Cr

BL ≤ (70-3σ) < X < (130+3σ) ≤ OL

BL ≤ (70-3σ) < X < (130+3σ) ≤ OL

LOD < X < (150+3σ) ≤ OL

Br

BL ≤ (700-3σ) < X < (1300+3σ) ≤ OL

BL ≤ (700-3σ) < X < (1300+3σ) ≤ OL

BL ≤ (500-3σ) < X < (1500+3σ)≤ OL

Cd

BL ≤ (700-3σ) < X < (1300+3σ) ≤ OL

BL ≤ (700-3σ) < X < (1300+3σ)≤ OL

BL ≤ (500-3σ) < X < (1500+3σ)≤ OL

Hg

BL ≤ (300-3σ) < X

Pb

BL ≤ (700-3σ) < X

BL ≤ (250-3σ) < X
BL ≤ (700-3σ) < X

BL ≤ (500-3σ) < X

BL: below limit | X: inconclusive region, where further investigation is necessary | OL: over limit | σ: repeatability of the analyzer

CLUSIVE” result and more investigation will

It has been mentioned pre-

be needed. Clearly the smaller the value of

viously that results in XRF

σ (i.e. the lower the Limit Of Detection), the

analysis can be affected by

narrower this “gray area” will be. The low

sample thickness. To test

LODs achievable with the SPECTRO xSORT

the automatic thickness

make it particularly efficient as a screening

correction of the xSORT,

tool by reducing the “gray area” to a mini-

the same ABS sample was

mum and therefore the number of compli-

prepared in different thick-

cated and time-consuming laboratory anal-

nesses and analyzed for

yses that will be needed.

lead:

EXAMPLES OF ANALYSIS
WITH THE SPECTRO xSORT
One of the best ways of assessing the performance of an analytical method is to analyze a sample of known composition. The

Thickness
[mm]

Pb Known
concentration
[mg/kg]

Pb Measured
concentration
[mg/kg]

1

481

509 ± 5

2

481

494 ± 4

3

481

490 ± 4

6

481

483 ± 4

8

481

479 ± 4

following results were obtained using the

The lower the limits of detection achievable

SPECTRO xSORT to analyze a sample of

with a handheld XRF instrument, the small-

ABS plastic (sample: ABS QC, thickness 8

er the “gray area” of inconclusive measure-

mm). The error indicated is the statistical 2σ

ments. The following LODs were obtained

value over a 30 second measuring time, and

with the SPECTRO xSORT using a 30 sec-

indicates that 95% of results will fall within

ond measurement time.

this range.
Element

Known
concentration
[mg/kg]

Measured
concentration
[mg/kg]

Element

Cr

510

494 ± 6

Br

234

Cd

LOD in various matrices [mg/kg]
ABS

PVC

Al

Fe

Cr

5

8

13

80

238 ± 2

Br

3

3

5

30

86

92 ± 7

Cd

10

10

12

65

Hg

421

421 ± 3

Hg

3

6

8

43

Pb

481

491 ± 4

Pb

5

8

10

60
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OTHER SOLUTIONS FOR
COMPLIANCE TESTING

Bulk Materials and Trace Elements
The SPECTRO XEPOS is an advanced laboratory ED-XRF instrument for the analysis of

While handheld XRF is the ideal tool for rap-

solids, powders and liquids that uses polar-

id product screening, certain types of sam-

ized X-ray excitation to achieve low LODs in

ple may need a different approach.

the mg/kg range. Elements from Na to U can
be determined using expert system based

Very small Samples
and Element Mapping

methods that can make the analysis largely

When toxic elements are concentrated in

tion autosampler gives convenient unat-

very small areas of an item the SPECTRO

tended operation. SPECTRO XEPOS is ideal

matrixindependent. An integrated 12 posi-

MIDEX ED-XRF Spectrometer provides the
solution, with an X-ray beam that can be collimated from 4 mm down to 0.2 mm diameter. This provides not only accurate quantitative measurements on small samples or
specific areas of the sample, but, with an
X-Y scanning drive, the ability to “map” the
distribution of toxic elements in the sample.
The MIDEX has an elemental range from
Mg to U, excellent accuracy for major compounds in alloys and employs Fundamental
Parameter calibration to allow the analysis
of completely unknown samples. The mapping facility can give a full scan of an EC format printed circuit board in 30 minutes.
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for the measurement of traces of especially

price-performance, ratio making it a real

toxic elements like Cd and Pb in materials

economic alternative to sequential ICP and

such as plastics and other bulk materials.

Atomic Absorption spectrometers. It is also
the first and only ICP-OES spectrometer

Verification Measurements

available with factory calibrated methods

XRF is not approved for normative mea-

for environmental and industrial applica-

surements by IEC 62321-3-1, which requires

tions — truly “plug & analyze” without need-

the use of solution-based methods such as

ing to first develop a method.

ICP-OES as described for example in IEC
62321-4 and IEC 62321-5. The SPECTRO
ARCOS and SPECTRO GENESIS simulta-

Conclusion

neous ICP-OES spectrometers are stateof-the-art instruments using the latest CCD

The nature and variety of the samples en-

detector technology. The SPECTRO ARCOS

countered when testing consumer products

has a unique high-resolution optical sys-

for compliance with new environmental

tem and sets new standards in analytical

standards like RoHS present analysts with

performance that make it especially suited

many challenges. The SPECTRO xSORT

for demanding applications like ultra-trace

handheld XRF spectrometer can handle a

analysis for environmental applications. Its

wide range of elemental screening tests with

extended wavelength range also gives the

minimum uncertainty, reducing the need for

capability to measure important non-me-

complex and time consuming laboratory

tallic elements including the halogens. It is

analyses, but when laboratory analysis does

also very fast, enabling hyphenated mea-

become necessary the range of SPECTRO

surements like the analysis of trivalent and

XRF and ICP-OES instrumentation is capa-

hexavalent chromium using ICP-OES. The

ble of fully meeting those challenges.

SPECTRO GENESIS offers an exceptional

Elemental Compliance Screening with XRF
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Contact Us

www.spectro.com
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SPECTRO Analytical Instruments GmbH
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D-47533 Kleve
Tel. +49.2821.892.0
spectro.sales@ametek.com

U.S.A.
SPECTRO Analytical Instruments Inc.
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Tel. +1 800 548 5809
		 +1 201 642 3000
spectro-usa.sales@ametek.com

CHINA
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Enterprise (Shanghai) CO., LTD.
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No. 526 Fute 3rd Road East; Pilot Free Trade Zone
200131 Shanghai
Tel. +86.400.022.7699
spectro-china.sales@ametek.com

Subsidiaries:
uFRANCE: Tel. +33.1.3068.8970, spectro-france.sales@ametek.com uGREAT BRITAIN: Tel. +44.1162.462.950, spectro-uk.sales@ametek.com
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