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Legislation on methylmercury within the Eur- INTRODUCTION
opean Union (EU), e.g. in food (national regula-
tions) or water (EC Directives), requires thatthe  Methylmercury (MeHg) is known to be extremely
determinations are of proven quality; thus toxic, which is of particular concern since this
implies that they should be carried out under compound is widespread in the environment; it
strict quality control (QC). One method of  originates either from direct release or from the
achieving good quality control in chemical biomethglation of inorganic mercury in biological
analysis is to verify the analytical performance tissues; or it may be produced by abiotic routés.
of methods by analysing Certified Reference Due to a very effective biomagnification mechan-
Materials (CRMs). While CRMs of biological  ism, food chains are enriched in MeHg, resulting in
matrices (e.g. fish, mussels) are already avail- high levels in top predators (e.g. tuna fiéhyhe
able, there was a lack of materials for the QC of lack of knowledge on the toxic impact of MeHg in
sediment analysis. This paper describes the sediment (e.g. on filter-feeding organisms) and the
preparation of an estuarine sediment reference need to understand better the environmental path-
material, the homogeneity and stability studies ways justify the monitoring of this compound in
and the analytical work performed for the  various matrices (biota, water and sediment).
certification of the contents of total mercury Legislation on MeHg within the European Union,
and methylmercury. The results of a group of e.g. in food (national regulations) or water (EC
expert laboratories are discussed and the meth- Directives), requires that the determinations are of
ods used to certify the mass fractions of total proven quality. The quality control of MeHg
mercury (132+ 3 mg kg ! on a dry mass basis) determinations was hardly possible at the beginning
and methylmercury (75.5+£3.7pgkg? as of the 1990s: this justified the organization of
CH3Hg™" on a dry mass basis) are described. several interlaboratory studies to evaluate and
© 1998 John Wiley & Sons, Ltd. improve the state of the atf These improvements
made it possible for certified reference materials

Appl. Organometal. Chem.2, 531-539 (1998) (CRMs) of fish to be produced, e.g. by the National
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certification; (BCR); quality control (Community Bureau of Referenc®which in turn

. , offered laboratories the means to verify the
Received 16 July 1997; accepted 2 September 1997 performance of their methods using reIiabIeféRMs.
A certification campaign on MeHg in sediment has
recently been organized by the International Atom-
ic Energy Agency (IAEA, Vienna), which showed a
reasonable agreement between techniques (coeffi-
* Correspondence to: P. Quevauviller, European Commission,Clent of variation between laboratory meanscaf

Standards, Measurements and Testing Programme (BCR), Rue dk4%0 for a MeHg level of 5.4€g kg ") and enabled
la Loi 200, B-1049 Brussels, Belgium. a CRM to be producéd Upon the request of a
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consortiumof laboratoriesfrom different EU and
EFTA (EuropearFreeTradeAssociation)Member
States the Measurementand Testing Programme
(formerly BCR) has organizedan interlaboratory
study for the evaluation of the performanceof

methoddor the determinatiorof MeHgin a highly

contaminatedsediment which was successfully
concludedin 1995° The projectwas pursuedby

preparation of a sediment candidate reference
material (CRM 580) which was certified for its

contentof total mercuryand methylmercury.This

paperdescribesthe resultsof the interlaboratory
study, the preparationof the candidateCRM and
homogeneityand stability studies, the methods
usedin the certification and the results of the

technicaland statisticalevaluation.

INTERLABORATORY STUDIES

Interlaboratorystudieswere organizedwithin the
BCR programme, from 1987, to improve the
quality of mercury speciationanalyses. The first
interlaboratory study dealt with the analysis of
solutionscontainingpure substance$CHsHgCI in
toluene, mixtures of MeHgCIl, C,HsHgCl and
CsHsHgCI in toluene, and aqueoussolutions of
MeHgClandHgCl,). No systematierrorscouldbe
detectedn thefinal determinationtechniquesested
at this stage.A secondexercisewasundertakerin
19890n the determinatiorof MeHg in fish extracts
(raw extract, raw extract spikedwith MeHg, and
cleaned extract). Analyses of extracts led to
difficulties mainly attributableto a lack of good
long-term reproducibility for many laboratories.
Capillary GC wasfoundto offer goodpossibilities,
but its use was hamperedby the absenceof
commercially available columns. A third inter-
comparisonwas carriedout in 1990 dealingwith
the analysisof toluene extractsand freeze-dried
samplesof musseland fish tissues.Sourcesof
discrepanciesvere detected,the most important
onebeingthe inadequacyof the packedchromato-
graphiccolumns;othersourcef errorweredueto
interferencesin MeHg determinationin mussel
tissue. Recommendationswere given to use
capillary columnsat the certification stageand to
take the necessaryprecautiongor cleaningup the
extracts (e.g. use of cysteine paper to remove
impurities by washing repeatedly with toluene
while MeHgis immobilizedon the cysteinepaper).
The coefficients of variation (CVs) obtained
betweenlaboratorieswere 17.4% and 13.7% for
the mussel and fish samples, respectively; the
higher CV obtainedfor musselswas attributedto
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themuchlowerlevel of MeHgthanthatin tunafish
(0.14mgkg™* and 4.33mgkg ' as MeHgCl,
respectively).The good agreementof the results
obtainedin the last trial encouragedhe BCR to
organizea certification campaignon methylmer-
cury in fish materials containing high levels of
mercury (i.e. ranging from 2 to 5mgkg ' of
methylmercury). Details of theseinterlaboratory
studiesare availableelsewhere.

As a follow-up to these studies,there was a
project to test the feasibility of preparationand
certificationof a sedimentontaininghigh levelsof
methylmercurylt includedthe collection, prepara-
tion, homogenization, stabilization by gamma-
irradiation, and homogeneityand stability studies
of a test material, followed by an interlaboratory
studywith agroupof EU expertlaboratories® This
interlaboratoryprojectmadeit possibleto confirm
the feasibility of preparationof a candidateCRM
andto detectandremovesomesystematierrorsin
themethodsusedin the exerciseThe CV obtained
for the meanof laboratorymeanswasca 16%at a
level of 53.1+8.5ug kg ' as MeHg. Besides
errorsdueto anapparentack of quality controlfor
somelaboratoriesa systematidiaswassuspected
to occurin relation to the distillation procedure;
hence, recommendationswere given that this
method be carefully checkedby spiking experi-
ments for further use in the certification cam-
paign’® The outcomeof thetechnicalscrutinywas
a clearillustration of the effectsandimportanceof
participating in interlaboratory studies; indeed,
mostof the laboratoriesrom which the datawere
selectechadparticipatedoreviouslyin the stepwise
interlaboratoryprogrammeon MeHg in solutions
and biological sampleswhereasmostof the other
laboratories for which sources of error were
identified were participating in such an exercise
for thefirst time.'° This interlaboratorystudygave
encouragemerib thelatterlaboratoriego improve
their methods,which were further testedin the
courseof the certificationdescribedn the present
paper;theresultsclearly stressedheimportanceof
method validation, including recovery tests, to
obtainaccurateresults**

EEEMPARATION OF THE CANDIDATE

Sample preparation

Thesedimenwascollectedin 1994in the Ravenna
Lagoon(ltaly) closeto a petrochemicaplantwater
dischargeA batchof ca250kg wascollectedfrom
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a boat, using a grab to retrieve the 30—-40cm top
sedimentayer. Thewetmaterialwassievedto pass
aperture®f 2 mmandair-driedat 25°C in adrying
chamber. The moisture content was monitored
during the drying process; when a constant
moisturecontentwasreached3.5%),the material
wasmanuallycrushedandsievedagainat 2 mmto
removecoarseparticles(the fraction above2 mm
wasdiscarded)Theresultingmaterialwasstoredn
polyethylene bags and transportedto the Joint
ResearctCentreof Ispra(ltaly).

The materialwaspassedhrougha hammemill
with tungstencarbide blades,and sievedto pass
apertures of 90um in order to ensure good
homogenization.The< 90pum fraction was col-
lectedin aPVC mixing drum(filled with dry argon)
andhomogenizedor 14 daysat about48 rpm. The
bottling procedurevasperformedmanually:a first
seriesof 20 bottles was filled and immediately
closedwith screw-capsndplasticinserts.Seriesof
20 bottleswerefilled successivelyalternatingwith
remixing of the powderfor 2 min. All bottleswere
storedat ambienttemperaturen the dark. Around
1100 bottles were prepared,each containing ca
404.

Stabilization

The optimal stabilization procedure(by gamma
irradiation) investigatedon the testmaterialin the
interlaboratorystudy'® was usedon the candidate
CRM. The optimal gammairradiation dose was
found to be 8 kGy, which sterilized the sediment
without affecting the methylmercurycontent'*2

Homogeneity tests

The between-bottlehomogeneityof the candidate
CRM 580wasverifiedby thedeterminatiorof total
mercuryandmethylmercuryon samplesizesof 50,
100 and250mg takenfrom 20 bottleswhich were
set aside at regular intervals during the whole
period of bottling. The within-bottle homogeneity
wasassessely 10 replicatedetermination®f total
mercuryandmethylmercuryon samplesizesof 50,
100 and250mg takenfrom onebottle.

Each bottle was shakenmanually to eliminate
segregationwhich might have occurred during
transportandstorageForthe determinatiorof total
mercury,100mg dry sedimentwvasmineralizedby
additionof aquaregia.Thefinal determinatiorwas
performedby cold-vapouratomicabsorptionspec-
trometry(CV AAS) after SnCh reduction.Methyl-
mercury was determined by capillary gas
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chromatography{CGC) followed by hydride-gen-
erationatomic absorptionspectrometry(HG AA).
A portion of 0.1-0.5g dry sedimentwasextracted
by addition of 5ml of 2.5M H,SQ,, followed by
addition of 5ml toluene;after centrifugation,the
supernatantwvas placedin a 10-ml vial containing
4 ml thiosulphatesolution. After shakingfor 30 s,
thetoluenelayerwasdiscardedandthethiosulphate
solution was transferredinto a 25-ml beakerand
heatedon a hotplate (200°C) to evaporatethe
solution to 2—-3ml. After cooling, the remaining
solutionwasdilutedto 10 ml with waterandstored
for analysis. An aliquot of this extract was
transferrednto a purgetrap vial and100pul of 1%
NaBH, was addedto the purged solution. The
methylmercury hydride formed was trapped at
120°C in a CGC column, separatedand detected
by CV AA. The uncertaintiesof the methodsof
final determinatiorwereassessebly theanalysisof
five aliquotsfrom one digestsolution (nitric acid
for total mercury,toluenefor methylmercury. The
CV of the method,therefore,doesnot include the
CV introducedby the extractionprocedure.

The CVsfor total mercuryandmethylmercuryin
CRM 580 arepresentedn Tablel. An F-testata
significancelevel of 0.05did not revealsignificant
differenceshetweernthewithin- andbetween-bottle
variancedor MeHg andtotal Hg in the CRM. The
within-bottle CV for total mercuryis very closeto
the CV of the method;with respecto methylmer-
cury, the higher value of the within-bottle CV in
comparisonto the method CV representsthe
additional uncertaintyrelatedto extractionwhich
is not taken into accountin the method-CV
calculation (analysisof extracts).On the basisof
theseresults,no inhomogeneitiesn the material
were suspectedlt wasconcludedthatthe material
is suitablefor useasa CRM andis homogeneoust
ananalyticalportionof 250mgandabove for total
mercuryandmethylmercury.

Stability tests

The stability of the total mercuryand methylmer-
cury contentsvastestedo determinghesuitability
of this materialasa candidateCRM. Bottleswere
keptat —80, +20 and+40°C, respectivelypvera
periodof 15 months(startingin Octoberl1995)and
total mercuryandmethylmercuryweredetermined
at regularintervalsduring the storageperiod.
Testswere madeat the beginningof the storage
periodandafterl, 3, 6, 11and15 months.Samples
wereanalysedisingthe sameproceduressfor the
homogeneitystudy. Total mercuryandmethylmer-
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Table 1 Within- andbetween-bottldhomogeneityfor CRM 580: CV =+ Ucy (%)?

Intake (mg) Between-bott|& Within-bottle® Method of final determinatiofl
50
Total Hg — 45+1.2 —
MeHg 7.2+22 —
100
Total Hg — 51+1.6
MeHg — 6.2+1.9 —
250
Total Hg 3.6+0.6 5.0+1.5 41+13
MeHg 7.2+1.2 5.6+1.8 25+0.8

a Uncertalntyon the CVs: Ucy ~ CV//2n.

b Singledeterminatioron the contentof eachof 20 bottles.
¢ 10 replicatedeterminationsn the contentof onebottle.
9 5 replicatesof an digest/extracsolution.

curywereeachdeterminedive times(onereplicate
analysisin eachof five bottles storedat different
temperaturespn eachoccasionof analysis.

Any changewith time in thecontentof aelement
or compoundindicates an instability. Instability
would be detectedby comparing,on the various
occasionsof analysis, the contentsof different
elements or compoundsin samples stored at
different temperaturesvith thosestoredat a low
temperature.

The samplesstored at —80°C were used as
referencefor the samplesstoredat +20°C and at
+40°C respectively.Table 2 givesthe ratios (Ry)
of themeanvalues(Xy) of five measurementsade
at +20°C and +40°C, respectively,to the mean
values(X_gg-c) of five determinationsnadeonthe
sameoccasionof analysisof samplesstoredat a
temperatureof —80°C:

Rr = X1/X_go:c [1]

The uncertainty Ut has been obtainedfrom the
coefficientof variation (CV) of five measurements
obtainedat eachtemperature:
Ur = (CV52 + CV_gpo2)?-Rr/100  [2]

In the caseof ideal stability, theratiosRy should
be 1. In practice,however,thereare somerandom
variationsdueto the error on the measuremenin
almostall casesRt — Ut <1 < Ry + Uy for both
total mercuryand methylmercury The uncertainty
in the CV canaccountfor the deviationsobserved.
On the basisof theseresults,it wasconcludedthat
no instability of the material could be demon-
strated.

© 1998JohnWiley & Sons,Ltd.

METHODS USED IN THE
CERTIFICATION

After a preparatory meeting in which all the
requirementsfor certifying reference materials
were reviewed,two bottlesof the candidateCRM
were shippedto eachof the participatinglabora-
tories (see Acknowledgements)Each laboratory
that took part in the certification exercise was
requestedto perform six independentreplicate
determinationon at leasttwo different bottles of
the CRM on different days. The results were
statistically evaluated,presentedin the form of
barchartsanddiscussedtatechnicalmeetingwith
all the participants. A brief description of the
methodsusedis given below; additionaldetailson
these methodsmay be found in the certification
report*?

Laboratory 01

A subsamplef 200mgwasdigestedvith aHNOs/
NaCl mixture, followed by gold preconcentration
anddeterminatiorof total Hg by CV AA.

Laboratory 02

Total Hg was determinedby cold-vapouratomic
fluorescencespectrometry(CV AF) after pressur-
ized digestion with H,SO, for 6—-8h at 100°C,
addition of BrCl, reductionwith SnClL and gold
preconcentratiork-or MeHg, a CRM subsamplef
200mg was pretreatedoy addition of H,SO,/KCI,
water—steandistillation, and ethylation with Na-
BEt, in acetate buffer solution. The recovery
(98 £+ 6%) wasverified by spikingthe CRM before

Appl. OrganometalChem.12, 531-539(1998)
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Table 2 Normalizedresultsof the stability study

Rr £ U2

Species Time (months) 20°C 40°C
Total Hg 1 1.06+0.07 1.01+0.09
3 1.10+0.05 1.04+0.03
6 0.96+ 0.04 0.98+ 0.04
11 1.02+0.03 1.10+ 0.06
15 1.06+ 0.07 1.00+ 0.03
Methylmercury 1 1.05+0.10 1.13+0.08
3 1.00+ 0.06 1.14+0.06
6 0.99+ 0.06 1.05+0.08
11 0.98+0.09 0.99+ 0.07
15 1.07+£0.15 1.09+0.14

& Ry =ratio of the meanvalues(Xy) of five measurementsiadeat +20 °C and+40 °C, respectivelyandthe meanvalue (X_go -c),
from five determinationsnadeon the sameoccasionof analysison samplesstoredat a temperatureof —80°C (Eqn[1]).
Ut = uncertaintyobtaired from the coefficientof variation (CV) of five measurementsbtainedat eachtemperaturéEqn[2]).

distillation (standardadditions).Separatiorwasby
CGC, followed by CV AF detection.

Laboratory 03

Total Hg was determined by CV AA after
pressurizedligestionwith H,SO/HNO5, reduction
with SnCh andgold preconcentratiorf-or MeHg,a
CRM subsampleof 2000mg was pretreatedby
addition of HCI andtoluene,back-extractionwith
cysteineacetateandre-extractiorinto toluene The
recovery(88+ 5%) was assessedly two spikings
of a CRM (PACS-1). Separationwas by CGC,
followed by electroncapturedetection.

Laboratory 04

A CRM subsampleof 500mg was extractedby
supercriticalfluid extractionwith COy; the extract
was eluted with toluene, followed by Grignard
derivatization (n-butylmagnesiom chloride). The
recovery (57+ 6%) was verified by a single
addition of MeHg to the CRM. Separatiorwas by
CGC, followed by microwave-induced plasma—
atomicemissiorspectrometri¢MIP AE) detection.

Laboratory 05

Total Hg was determined by CV AA after
pressurized digestion with  H,SO/HNO; in a
microwave oven, and reduction with SnCh. For
MeHg,aCRM subsamplef 250mgwaspretreated
by addition of H,SOy/NaCl, water—steandistilla-
tion, addition of acetatebuffer and complexation
with sodium pyrrolidine dithiocarbamate. The
recovery (103+ 7%) was verified by spiking the

© 1998JohnWiley & Sons,Ltd.

CRM beforedistillation andequilibratingovernight
(standard additions). Separationwas by high-
performanceiquid chromatographyHPLC) after
preconcentrationon a C;g column, and was
followed by CV AA detection.

Laboratory 06

A CRM subsampleof 500mg was digestedwith

HNOs in amicrowaveoven,whichwasfollowed by
a derivatization with NaBEY, and cryogenic
trapping.The recovery(95—100%)wasverified by
spiking the CRM before extraction and cross-
checkingwith the referencematerial(RM) usedin

the intercomparison.Separationwas by packed-
column gas chromatographyfollowed by quartz-
furnaceatomic absorptionspectrometriqQF AA)

detection.

Laboratory 07

Total Hg was determined by CV AA after
pressurizeddigestionwith HNO,/HCI and reduc-
tion with SnCb.

Laboratory 08

Total Hg wasdeterminedy CV AA afterdigestion
with HNO; for 4 h at 80°C, and reductionwith
SnChb. For MeHg, a CRM subsampleof 1000mg
was pretreatedby addition of HCI and toluene,
back-extraction with thiosulphate, addition of
acetatebuffer, complexationand on-line oxidation
(after HPLC) and reduction with SnCh. The
recovery (1034 2%) was verified by spiking the

Appl. OrganometalChem.12, 531-539(1998)
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CRM beforeextraction.Separatiorwasby HPLC,
followed by CV AF detection.

Laboratory 09

Total Hg was determinedby inductively coupled
plasma—masspectrometry(ICP MS) after micro-
wave digestion with HNO; and reduction with
SnCh.

Laboratory 10

Total Hg wasdeterminedy CV AA afterdigestion
with HNO3 for 4h at 80°C and reduction with

SnChb. For MeHg, a CRM subsampleof 500mg

was pretreatedoy addition of HCI and extraction
into toluene.The recovery(80%) was verified by

spiking the RM used in the intercomparison.
Separationwas by CGC, followed by electron
capturedetection.

Laboratory 11

Total Hg was determined by CV AA after
microwave digestionwith HNOs/HCI and reduc-
tion with SnCh. For MeHg, a CRM subsampleof
200mg was pretreatedby addition of H,SO,/HCI,
water—steandlistillation andNaBEt, derivatization.
The recovery (80%) was verified by spiking the
CRM beforedistillation. Separationvasby CGC,
followed by CV AA detection.

Laboratory 12

Total Hg wasdeterminedy CV AA afterdigestion
with H,SO/HCI and reduction with SnCh. For
MeHg,aCRM subsamplef 200mgwaspretreated
by addition of H,SOJ/NaCl, toluene extraction,
addition of thiosulphate solution and NaBE,
derivatization. The recovery (85%) was verified
by standardadditions. Separationwas by CGC,
followed by CV AA detection.

Laboratory 13

Total Hg wasdeterminedy CV AA afterdigestion
with HNO;3 for 3 h under reflux and addition of
H,0,. ForMeHg,aCRM subsamplef 250mgwas
pretreatedoy addition of HCI, tolueneextraction,
clean-upwith cysteinesolutionandback-extraction
into toluene.Therecovery(96 + 2%) wasassessed
by spikinga CRM extract.Separatiorwasby CGC,
followed by CV AA detection.

© 1998JohnWiley & Sons,Ltd.

Laboratory 14

Total Hg was determined by ICP MS after
microwavedigestionwith HNO3/HCI. For MeHg,
a CRM subsampleof 200mg was pretreatedby
addition of H,SOy/HCI, water—steandistillation,
addition of acetatebuffer solution, (SPDC)com-
plexation, toluene extraction, UV irradiation and
NaBH, reduction after HPLC. The recovery
(104 £ 6%) was verified by standardadditionsat
three spiking levels on wet sedimentafter equili-
brationfor 5 h. Separatiorwasby HPLC, followed
by ICP MS detection.

Laboratory 15

Total Hg wasdeterminedy CV AA afterdigestion
with HNOj3 for 4 h at 80°C and reduction with
SnCl.

TECHNICAL AND STATISTICAL
DISCUSSION

All the results found acceptableafter both the
technicalandstatisticalevaluationare presentedn
Figs1 and?2. Eachsetof resultsis identifiedby the
codenumberof the laboratory.

Technical discussion

Total mercury

Two setsof low resultswererejectedowing to the
suspicion of mercury losses; the laboratories
concernedhad experiencedhe samedifficulty in
the interlaboratorystudy and were encouragedo
investigatethe sourceof error leadingto biased
results. The certified value is mainly basedon
resultsobtainedby CV AA asfinal determination
(exceptone setby CV AF spectrometryand two
sets by ICP MS); however, the pretreatment
techniquesvere widely different from onelabora-
tory to another.

Methylmercury
As mentioned previously, the determination of
MeHg in sedimentis susceptibleto a range of
possiblesourcesof error that haveto be carefully
controlled, e.g. incompleteextraction,incomplete
derivatizationor distillation, interferencesn detec-
tion etc.

The first aspect consideredin the technical
discussion was related to the verification of

Appl. OrganometalChem.12, 531-539(1998)
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BAR-GRAPHS FOR LABORATORY MEANS AND 95% CI
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extraction recoveries. At present, there is no
standardizegbrocedurdor checkingthe extraction
efficiency; the brief summaries(above) of the
methodsusedshowthat they differed widely from
one laboratoryto another.The participantsrecog-
nized that it would be necessaryo find the most
suitablerecoverytest so asto proposea standar-
dized procedurein order to avoid possible dis-
crepancies; the technique which was most
supportedwas standardaddition (e.g. three levels
on wet sediment) equilibratingthe spikedmixture
overnight.

High results were observedwith a technique
involving distillation and UV destruction(separa-
tion of MeHg by water—steandistillation, removal
of inorganic mercury by anion-exchangeresin,
decompositiornof MeHg to ionic mercuryby UV
irradiationanddetectionby CV AA). Althoughthe
resultswere confirmedby HPLC, it wassuspected
thatthis techniquedid not removeall theinorganic
mercury.This doubthadalreadybeenexpressedt
thefirst interlaboratorystudy'® andthe setwasnot
acceptedor certification.

The careful verification of the efficiency of
distillation procedures(as recommendedin the
interlaboratorystudy)demonstratethat this meth-
od was in good agreementwith alternative
techniquesusingvarioustypesof extractions.This
is shownin Fig. 2 wherethe resultsof laboratories
using distillation (Labs 02, 11, 05 and 14) arein
good agreementwith the other sets of results.
Doubts recently expressedon distillation-based
proceduregtthe ConferenceMercury asa Global
Pollutant™® should therefore be consideredwith
cautionsincedistillation-basedechniquegproveto
be accuratewhen appliedwith a thoroughquality
control.

Anothersetof highresultswasalsorejected The
resultswere obtainedby hexaneextraction, deri-
vatizationwith NaBEt,, CGC separatiorandMIP—
AE spectrometrydetection(CGC—-MIP).Although
this techniquewasrecognizedasbeingsuitablefor
MeHg determination,t appearedhat its applica-
tion in the laboratory was not sufficiently under
controlto produceaccurateresults.

Laboratory04 experiencedproblemsof elution
from the columnwhich justified thefirst datain the
setto be withdrawn. The SFE techniquegave a
rather low recovery, which was nevertheless
accepted for certification. The laboratory had
submitted a second set of data obtained by
distillation and CGC—-MIP which was on the low
side;the efficiencyof thedistillation wasshownto
be much lower (70%) than that of the other
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laboratories using the same technique, which
justified withdrawal of the data.

One laboratory used a biological CRM for
calibrationwhich could obviously not be accepted
for certification.The setof datawasrejected.

Statistical discussion

The setsof resultsacceptedaftertechnicalscrutiny
have been submittedto the following statistical
tests:the Kolmogorov—Smirnov—Lillefors teststo
assessthe conformity of the distributions of
individual results and of laboratory means to
normal distributions; the Nalimov test to detect
‘outlying’ valuesin the populationof individual
resultsandin the populationof laboratorymeans;
the Bartletttestto assesshe overall consistencyof

the variancevalues obtainedin the participating
laboratoriesithe Cochrantestto detect‘outlying’

valuesin the laboratoryvariancess?); anda one-
way analysisof variance(F-test) to compareand
estimatethe between-and the within-laboratory
componentsf theoverallvarianceof all individual
results. All these tests are described in the
certificationreport?

The estimatesof the within-laboratorystandard
deviation(s,y) andthe between-laboratorgtandard
deviation(sg), asderivedfrom oneway analysisof
variance,demonstratehat the between-laboratory
variation was not significant. For reasons of
uniformity, it wasdecidedto basethe certification
on the laboratory meansrather than on all the
individual results.

The setsof resultsfoundacceptablen technical
and statisticalgroundsarerepresentedh the form
of bar chartsin Figs. 1 and 2. In the figuresthe
lengthof a bar correspondso the 95% confidence
intervalof thelaboratorymean Thecertifiedvalues
were calculated as the arithmetic meansof the
laboratorymeans(taking into accountthe number
of setsacceptedfor certification after both statis-
tical andtechnicalscrutiny); this valueis featured
as a vertical dotted line on the bar charts (the
uncertaintyis given by the half-width of the 95%
confidencanterval).

It was verified that the population of results
acceptedor certificationhada normaldistribution,
beforethe 95% confidencanterval of the meansof
meanswas calculated(Kolmogorov—Smirnov—L#
liefors tests).In addition, no outlying meanvalues
weredetectedNalimov test). The setof variances
was not homogeneoudor total Hg; as different
methods were used, each having a different
repeatability and reproducibility, this was not
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Table 3 Certified massfractionsof total mercuryandmethylmercuryin CRM 580

Component Certifiedvalue Uncertainty Unit p?
Total Hg 132 3 mg kg~! 13
MeHg 75.5 3.7 pg kgt 11

& p = numberof acceptedsetsof results.

surprisingandit wasfully acceptableNo outlying
varianceswveredetected.

CERTIFIED VALUES

The certified values (unweighted mean of p

acceptedsets of results) and their uncertainties
(half-width of the 95% confidenceintervals) are

given in Table 3 as massfractions (basedon dry

mass). Total mercury and methylmercury are

certified as massfractionsof Hg (mg kg™* asHg)

andCHzHg ™ (ug kg~ asMeHg), respectively.

AVAILABILITY

CRM 580 is available from the Institute for
ReferenceMaterials and MeasurementgIRMM),
RetiesewegB-2440 Geel (Belgium), alongwith a
certificationreportdescribingthe materialprepara-
tion, homogeneityand stability studies techniques
usedin the certification, technical and statistical
evaluationof theresultsandall individual results*?
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