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Abstract SRM 1974a, Organics in Mussel Tissue
(M ytilus edulis); SRM 2974, Organics in Mussel Tissue
(freeze-dried); and SRM 2976, Mussel Tissue (trace
elements and methylmercury) have been recently certi-
fied for methylmercury and total mercury content.
Three independent analytical procedures were used to
determine the certified methylmercury concentrations.
Four independent procedures combined with data
from two intercomparison exercises were used to deter-
mine the certified total mercury concentrations. These
materials are the first certified metal speciation envi-
ronmental SRMs issued by the National Institute of
Standards and Technology.

Introduction

Recently a new Standard Reference Material, SRM
1974a, Organics in Mussel Tissue (Mytilus edulis),
was issued by the National Institute of Standards and
Technology (NIST). This SRM is a frozen tissue
homogenate and was collected from Dorchester Bay
within the Boston Harbor, MA. A portion of the frozen
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homogenate was freeze-dried, and has been issueds
a separate Standard Reference Material, SRM 2974‘;
Organics in Mussel Tissue (freeze-dried). Both musgj
tissue materials are primarily intended for use as trag
organic analyte SRMs, having been certified for
variety of organic constituents such as chlorinated
biphenyl congeners, polycyclic aromatic hydrocarbong,
and chlorinated pesticides [1,2]. As with the previoy
issue of SRM 1974, SRM 1974a has only noncertified
values for sclected inorganic analytes which were dete:
mined using a single analytical method.

As part of a recent effort by NIST to investigate
metal speciation in the marine environment
SRM 1974a and SRM 2974 were analyzed for methyl}
mercury (MeHg) content using a new gas chromatogra:
phy-atomic emission detection (GC-AED) method
developed at NIST [3]. Both materials contained
MeHg at levels typical of those in mollusks and other
life forms at the bottom of the marine food web [4,
Considering these environmentally relevant Mel,
concentrations and the need for new certified referen
materials (CRMs) for use in method validation ad
data quality assurance, the materials were chosen tot
the first metal speciated environmental CRMs gener:
ated at NIST. SRM 1974a and SRM 2974 are the firsi
mussel tissue matrix CRMs certified for MeHg content,
and the preparation of the two materials providel
a study of the effects of freeze-drying on MeHg ?111_@5
total mercury (Hg) concentrations in biological tissues
A third mussel tissue reference material collected in tlt,
Mediterranean Sea, SRM 2976 Mussel Tissue, was a]§§
included in the MeHg certification efforts due to 1
similarity in matrix composition and its differio®
sample collection site. v .

Certification of natural matrix reference rnaterrdgl}i$
at NIST typically requires the use of at least tW&
independent analytical methods for analyte concd
tration measurements. Complete method indepd
dence requires the development of unique extractio®
cleanup, and quantification procedures. Although th




J’ngﬁed at NIST for the certification of SRMs, the
Llization of data from other laboratories using differ-
po methods greatly facilitated the certified value
es'signment process. Multiple bottles of each of the
?hreé SRMs were provided to the Marine Environment
paboratory; International Atomic Energy Agency
(IAEA, Monaco) and the Institute for Applied Physical
Chemistry Research Centre of Jiilich (Germany) for
MeHg and total Hg determinations. The three mater-
jals also were analyzed at NIST for total Hg content
gsing tWO independent methods. The MeHg content
was determined at NIST using the previously men-
tioned GC-AED method. Lastly, SRMs 2974 and 2976
were analyzed for total Hg content during two separate
igtercomparison exercises coordinated by the Institute
for National Measurement Standards, National
Rescarch Council of Canada (NRC) in conjunction
with the U.S. National Oceanic and Atmospheric
Administration (NOAA). Certified values for MeHg
and total Hg content in all three materials were then
jetermined using the combined laboratory data.

e

iperimental
s{{mple collection and preparation

‘iijﬁroximately 6400 mussels (M ytilus edulis) were collected from
#mud flat in Dorchester Bay, Boston Harbor (MA) at low tide in
October, 1992. The mussels were rinsed with harbor water before
placing them in wooden crates. The mussels then were cleaned with
'Xﬁpwater, placed in polyethylene bags, and shipped to NIST packed
ry ice. At NIST, the mussels were warmed to 0 °C and shucked
g titanium knives to prevent trace element contamination. The
sel tissue was placed in Teflon bags and stored in a liquid
Aittogen freezer. The mussel tissue was cryogenically ball milled and
ogenized in 700 g batches using a Teflon disk and ring config-
tion [6]. Approximately 80 kg of the homogenized frozen tissue
¢ blended for 2 h in an aluminum mixing drum in batches of
Ipproximately 20 to 30 kg each. Approximately 60 kg of this frozen
miterial were bottled in 15 g units for distribution as SRM 1974a.
maining 21 kg of homogenized tissue were freeze-dried in
hes of approximately | kg (starting settings of | Pa, — 20°C
if temperature, and — 50°C condenser temperature; shelf tem-
ture gradually raised over the drying time to a final temperature
, blended, and radiation sterilized (°°Co). The material was
=b9ttlcd in 8 g units for distribution as SRM 2974.
£itie common Mediterranean mussels (M ytillus galloprovincialis)
‘ {for the preparation of SRM 2976 were collected in Etang de
t@?‘l,a semi-enclosed bay approximately 100 km west of Marseilles,
- The mussels were obtained from commercial producers by
i EA International Laboratory of Marine Radioactivity in
E00aco, and the tissue was freeze-dried by IAEA prior to shipment
T. Approximately 69 kg of freeze-dried material was biended
"Od-processor, jet milled, blended, and radiation sterilized.
Material then was bottled in 25 g units for distribution as

-

M 2976,

%SRM 1974a and SRM 2974 were intended to be identical mater-
a dry weight basis. Therefore, the preparation of SRM 2974

Signed to minimize any differences other than freeze-drying.

e ussel tissues for both materials were from the same cryogeni-
Y Bround homogenate and the freeze-dried tissue was not sieved

=" 10Ve any fibrous material. The only difference in the processing

;dual methods are usually developed and imple- .
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of the two materials besides freeze-drying was the radiation steriliz-
ation of SRM 2974 to minimize the effects of biological activity, thus
allowing it to be stored at room temperature. Conversely, SRM 2976
was jet milled after freeze-drying to reduce the amount of fibrous
particles. When compared to SRM 2974, SRM 2976 exhibits a more
homogeneous appearance.

Conversion to dry mass basis

~ The moisture content of SRMs 1974a, 2974, and 2976 were deter-

mined at NIST by measuring the mass loss from freeze-drying. The
entire content of each of 20 bottles of SRM 1974a was freeze-dried,
resulting in a mean moisture content for this material of
88.61 + 0.08% (uncertainty expressed as a 95% confidence interval).
Analytical results collected at NIST for MeHg and total Hgin SRM
1974a were determined on a wet mass basis (except for INAA
analyses which were performed on freeze-dried material) and then
converted to a dry mass basis by dividing by the conversion factor of
0.1139 kg dry mass/kg wet mass.

SRM 2974 is very hygroscopic and contained between 7% and
14% residual moisture at the time of certification measurements.
A separate conversion factor was determined for each bottle of SRM
2974 analyzed at NIST for MeHg and total Hg content. These six
bottles ranged in moisture content from 8.4% to 13.2%. Lastly, the
percent water loss upon freeze-drying for SRM 2976 was determined
in December 1994 and July 1995 as 3.21% and 3.26%, respectively,
o1 two sepatale bottles. Au average of these two valucs was used to
calculate the conversion factor of 0.968 kg dry mass/kg wet weight
for use in converting the NIST data to a dry mass basis.

The moisture content of the three mussel tissue materials were
determined by IAEA by drying subsamples of the materials for 48 h
in an oven at 150°C. A separate moisture content was determined
for each bottle of SRM 2974 and SRM 2976 and for only a single
bottle of SRM 1974a for use in the conversion of all IAEA data for
these materials to a dry mass basis. The Research Centre of Jiilich
determined the moisture content of each bottle of SRM 2976 and
SRM 1974a and only a single bottle of SRM 2974 for conversion of
data to a dry mass basis. The Research Centre of Jillich used oven
drying to determine the moisture content of the materials.

Determination of methylmercury

The three mussel tissue materials were analyzed for MeHg content
using the following three independent extraction and quantification
procedures: solid-liquid extraction under acidic conditions and gel
permeation chromatography cleanup foliowed by GC-AED
(GC-AED, NIST); saponification at 70°C followed by ethylation-
room temperature precollection-GC-pyrolysis-cold vapor atomic
fluorescence spectrometric detection (GC-CV-AFS, IAEA);, and
water stcam distillation under acid conditions and further anion
exchange chromatographic separation of inorganic Hg and
organomercury followed by cold vapor atomic absorption spectro-
metric detection before and after ultraviolet radiation (IEC-CV-
AAS, Jiilich). Brief summaries of these methods are provided;
however, more detailed descriptions can be found in the references
indicated.

For the GC-AED method, 1-8 g subsamples of each material were
mixed with 4 g copper powder, 1 mL 1 mol/L copper sulfate, 8 mL
water (only added for standard solutions and SRM 2976), 4 mL
acidic potassium bromide solution, and 2 mL toluene in individual
50 mL centrifuge tubes for 1 h. Double these reagent volumes were
used for SRM 2976. The toluene layers were then separated by
centrifugation, and the extraction was repeated with a second
aliquot of toluene. The combined toluene extracts for each sample
were spiked with internal standard solution and concentrated to
0.5mL. Ethylmercury chloride (EtHgCl) was used as the internal
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standard for SRM 1974a and SRM 2974, and propylmercury chloxr-
ide (PrHgCl) was used for SRM 2976; EtHgCl was not used as the
internal standard for SRM 2976 because a small amount of ethyl-
mercury was found to be present naturally in the material. High
molecular weight pigments and lipids were removed from the SRM
1974a and SRM 2974 extracts using preparative gel permeation
chromatography (GPC); the GPC cleanup step was not performed
on the SRM 2976 extracts to prevent analyte losses during concen-
tration of the large GPC fraction volume required when PrHgCl
is used as the internal standard instead of EtHgCl. The extracts
were analyzed using gas chromatography (OV-1701 column,
0.53 mm x 15 m, 3.0 um film thickness, Quadrex, New Haven, CT)
with Hg-specific microwave-induced plasma atomic emission detec-
tion using the emission line at 254 nm [3].

For the GC-CV-AFS method, samples were saponified in closed
Teflon vials overnight at 70°C with 10 mL 25% (w/v) potassium
hydroxide in methanol and diluted to 258 mL with methanol.
MeHg in the saponified samples was derivatized with sodium tet-
raethyl borate at pH 4.9 and collected on a Tenax trap. Separation
of the individual organomercury species was achieved using isother-
mal gas chromatography (glass capillary SPB-5 column,
0.75 mm x 30 m, 1.0 pm film thickness, Supelco, Bellefonte, PA) fol-
lowed by pyrolysis and cold vapor atomic fluorescence spectromet-
ric detection [7]. All analyses were done during the same day.

For the IEC-CV-AAS method, samples were distilied by water
steam distillation in a mixture of sulfuric acid and sodium chloride.
MeHg and inorganic Hg in the distillate were further separated by
anion exchange chromatography (Dowex 1 x 8 resin, C1-form, 74 to
149 pm) using minimal light conditions. The MeHg in the collected
fraction then was decomposed to inorganic Hg with ultraviolet light,
reduced to Hg(0) with tin chloride and sulfuric acid, and preac-
cumulated on a gold wire. The collected Hg was thermally desorbed
from the wire by heating the wire to 600 °C, and transported to the
glass cuvette for absorption measurement at 253.5 nm (slit width
2.0 nm, cuvette temperature 50 °C) [8-10].

Determination of total mercury

The three mussel tissue materials were analyzed for total Hg content
using the following four independent analytical procedures: micro-
wave digestion followed by flow injection cold-vapor atomic absorp-
tion spectrometry (FI-CV-AAS, NIST); instrumental  neutron
activation analysis (INAA, NIST); acid digestion at 70 °C followed
by double gold trap amalgamation cold-vapor atomic fluorescence
spectrometry (CV-AFS, JIAEA), and acid digestion at 150°C fol-
lowed by gold wire amalgamation CV-AAS (GA-CV-AAS, Research
Centre of Jiilich). Brief summaries of these methods are provided,
however more detailed descriptions can be found in the references
indicated.

For the FI-CV-AAS method, samples were mixed with 5mL
concentrated nitric acid and microwave digested for 10 min to
20 min at a maximum temperature of 228°C and a maximum
pressure of 1242 kPa. After digestion was complete, the contents of
the vessels were transferred to 100-mL volumetric flasks containing
0.75mL 1% (w/v) potassium dichromate solution and diluted to
volume with 1% (v/v) sulfuric acid. Samples were then analyzed by
cold-vapor generation using a commercial flow injection system and
atomic absorption spectrometer. A 3% (v/v) hydrochloric acid solu-
tion containing 1% (w/v) tin chloride was used as the carrier stream
in the FIA system. Sample was swept from the injection loop to the
mixing coil where it rcacted with the tin chloride reductant. The
resulting mercury vapor was separated from the solution and swept
into a heated (200 °C) quartz absorption cell mounted in the light
path of the electrodeless discharge lamp (Hg) and detected by AAS.
Peak height measnrement was used for quantification [11]

For the INAA method, samples were weighed into individual
quartz vials and flash frozen in liquid nitrogen prior to sealing the
vials. The vials were encapsulated in polyethylene film followed by

packaging in sets of eight in polyethylene irradiation vessels, Bagy
vessel was irradiated for 3~4 h at a reactor power of 20 MW, 1.
samples were removed from the vessel approximately 1-2 Tmongy:
after irradiation, the polyethylene films removed, and the outer yiy*
surface cleaned with a mixture of hydrochloric and nitric acids, Eagj
vial then was encapsulated in clean polyethylene films and gamy,
radiations were collected for > 8 h using a germanium detector ang
associated electronics. Quantification of Hg was based on COmpay;
son with standards using the 279 keV line from 2°3Hg, corrected o
the interference from 7°Se.

For the CV-AFS method, samples were digested in closed Teflg,
vials with 4 mL concentrated nitric acid and 2 mL concentrateg
sulfuric acid for 3 h at 70 °C and diluted to 25.8 mL with deionizeg
water and 500 uL of a preservative. The digested samples ey,
added to individual reaction vessels containing water, hydrochgs, .
acid, and tin chloride to reduce the Hg(II) to Hg(0). The Hg Vapo;
produced from this reaction was swept from the solution wjy’
nitrogen through a soda-lime trap to remove bubbler solution drop-
lets and onto a gold-coated sand (sampling) trap. The Hg collecte;
on the sampling trap was transferred via thermal desorption y
450°C to the second (analytical) gold trap, then finally therma
desorbed into the detector cell. Hg quantification was based- o
atomic fluorescence spectrometric detection (Brooks Rand, Seatty
WA) [12]. Each sample was analyzed twice and all analyses weg

-done during the same day.

For the GA-CV-AAS method, samples were mixed with 10m[
nitric acid and digested at 150 °C for 10 h. The digested samples weg:
diluted to 20 mL with distilled water prior to analysis by cold vapor
atomic absorption spectrometry. A portion of each samplc solutigy -
was mixed with tin chloride and sulfuric acid to reduce any Hg(Il)o
Hg(0), and the resulting Hg vapor was collected by amalgamationoy
a gold wire. The collected Hg was thermally desorbed from the wiz
and analyzed by CV-AAS as described for the MeHg methad {13}

SRM 2974 and SRM 2976 also were distributed to approximately

50 laboratories each during the NRC/NOAA intercomparison exer-

cises NOAA/9 and NOAA/7 in 1995 and 1993, respectively. Resulss
for laboratories that had participated in the intercomparison exer
cises for a number of years and performed well were selected by:
NRC and combined with results from two NRC methods (i.e., a total
of 7 results for SRM 2974 and 6 results for SRM 2976). Thes:
selected intercomparison exercise results will be referred to as RRf
and RR/7 for the remainder of the manuscript. The mean of each of
the RR/9 and RR/7 data sets was treated as a separate “method” for
determination of the certified total Hg values for both mussel tissie.

* materials.

The RR/9'and RR/7 data were treated as a group and not from:
individual methods for the determination of the certified total Hg.
values for two reasons. First, the RR/9 and RR/7 laboratorie:
analyzed only single bottles of each material as compared with-the:
multiple-bottle studies performed by NIST, TAEA, and the Research:
Centre of Jiilich. Between-bottle variation in analyte concentration;
is not taken into account and, therefore, a bias may exist in thf
analyte concentration determined through analyses of a single bon’ﬁ‘j’
of material. Second, the sample preparation and detection prooedﬁ
ures used by the RR/9 and RR/7 laboratories are not all completelt

‘independent from the NIST, IAEA, and Research Centre of Jilick

methods. Nevertheless, these individual laboratory results repr?-S?“‘i
values determined from several additional detection methods,
cluding inductively-coupled plasma mass spectrometry (ICP-MSF
graphite furnace atomic absorption spectrometry, and isotope fhh‘Z
tion ICP-MS, and, therefore, are valuable additions to the mulUP’B},
bottle studies. Brief summaries of the analytical methods used %
cach RR/9 and RR/7 laboratory can be found clsewhere [14 153

Control materials

Control materials were analyzed by NIST, IAEA, and the Res?afd«’é
Centre of Jilich during the analyses of the three mussel US%
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Mussel Tissue

CV-AAS

aethy mercury ?nﬁltg;{ali/l Methylmercury i Total Mercury
o ur contents
1;;’»7’:3 {RM2974, and SRM
] T T ]
1-8¢ 02¢g 03-08 g 02g 0.1-02 ¢ 90-160 mg 03-07 g
| 1 L |
\ Y v v v y
Solid-liquid Overnight Steam Acid Microwave Freeze-drying Acid
extraction saponification distillation digestion digestion (only for digestion
underacidic at70°C inacid at70°C inacid SRM 1974a) at150°C
conditions L l i {
. ; : ¥ .
GPC Ethylation Anion Double Flow INAA Gold wire
cleanup exchange gold trap injection- amalgamation
chromatography  amalgamation ~ CV-AAS CV-AAS
CV-AFS
GC-AED GC-pyrolysis- uv
(OV-1701) CV-AFS decomposition
(SPB-5) to inorganic Hg

materials to provide support for the vahdxty of the MeHg and total
Hg data. For the MeHg measurements in SRM 1974a and SRM
2974 at NIST, SRM 2976 was used as the control material. At that
me SRM 2976 had been analyzed for MeHg content by NIST and
JAEA using two mdependent methods, and the values from the two
‘horatories were in good agreement. SRM 2976 was chosen as the
‘wntrol material for the MeHg measurements in SRM 1974a and
SRM 2974 due to the similarity in matrix composition between the
womussel species. No control material was used for the SRM 2976
MCHE measurements at NIST. The MeHg data from IAEA and the
arch Centre of Jiilich had been collected at that time, however,
comparison of the data among these independent methods pro-
¥iles validity to the NIST data for this material. SRM 1566a Oyster
I:ssue and SRM 2710 Montana I Soil were used as the control
materials for the total Hg measurements conducted at NIST by
INAA, and SRM 1566a Oyster Tissue was used for the FI-CV-AAS
Teasurements.

[ORT-1 Lobster Hepatopancreas (National Research Council,
Ganada) was used by IAEA and SRM 1566a Oyster Tissue was used
e Research Centre of Jiilich as the control materials for the
g and total Hg measurements in SRM 1974a, SRM 2974, and
2976. TORT-1 is certified for both MeHg and total Hg
ent. SRM 1566a is certified only for total Hg content, but has
,“:_analyzed by the Research Centre of Jiilich for MeHg content
Mmg independent methods to -establish a reference value of
Abng/s MeHg as Hg (dry weight). SRM 1566a was used as the
“Hontro] material for total Hg by the RR/9 and RR/7 laboratories.

Bsilts and discussion

s analytical scheme for the measurement of MeHg
Wtotal Hg in the three mussel tissue reference mater-
li‘SIS shown in Figure 1. MeHg concentrations were
termined using three independent analytical proced-
%, and total Hg concentrations were determined
ﬂ!\g four 1ndependent procedures and two intercom-
fison exercises. The mean concentrations determined
igeach analytical method for the three materials are

Table 1 Summary of results for methylmercury and total mercury
(dry mass basis)

SRM 1974a SRM 2974 SRM 2976
MeHg GC-AED: 743 +15 804+84 283122
(ng/g as Hg) IEGCV-AAS: 804 +17 71.7+15 281408
GC-CV-AFS: 765+65 79.8+32 268415
Mean: 771 +77 713 +£121 27.7+20
Total Hg  FI-CV-AAS: 184 +17 186 18 61.6+12
(ng/g) INAA: 203 +18 155 +£20 593446
GA-CV-AAS: 170 +3 182 +2 57.0+ 1.3
CV-AFS: 175 +6 63.8 +4.1

RR/9: 157 +20
RR/7: 632 4 4.1
Mean: 186 +41 171 +18 61.0+3.5

given in Table 1. Uncertainties for the method mean
concentrations are expressed as 95% confidence inter-
vals with the degrees of freedom calculated from the
number of subsamples analyzed using each method.
SRM 1974a was not analyzed for total Hg by CV-AFS.
The mean concentrations determined by the RR/9 and
RR/7 laboratories are summarized in Table 2. Uncer-
tainties are expressed as 95% confidence intervals with
the degrees of freedom calculated from the number of
subsamples analyzed by each laboratory.

The MeHg and total Hg concentrations measured in
the control materials used by NIST, IAEA, the Re-
search Centre of Jiilich, and the RR/9 and RR/7 labor-
atories were in agreement with the certified or reference
values for the CRMs. The analytical systems used to
perform the measurements on the candidate mussel
tissue reference materials can therefore be considered in
control.
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Table 2 RR/9 and RR/7 results for total mercury (dry mass basis)

RR/9 (ng/g) RR/7 (ng/g)
167 + 11 61 +2
188+ 6 6541
176 +£ 25 52+6
135+5 63+1
130 + 12 6942
152 420 58 +£13
152 +2

Mean: 157 + 20 63 +4

Comparison of analytical methods

The three MeHg methods are independent in their
approaches to extraction, cleanup, and quantifica-
tion. The GC-AED and IEC-CV-AAS methods used
“acidic conditions during the extraction, whereas the
GC-CV-AFS method used basic conditions. The GC-
AED method utilized a solid-liquid extraction proced-
ure into toluene under mildly acidic conditions, while
the IEC-CV-AAS method utilized a distillation directly
into sulfuric acid and sodium chloride without an
organic solvent present. The GC-AED and IEC-CV-
AAS methods both used liquid chromatographic pro-
cedures for sample cleanup; however, the separation
mechanisms for anion exchange chromatography and
gel permeation chromatography are quite different
thereby providing independence between these two
approaches to sample cleanup. The GC-CV-AFS and
IEC-CV-AAS methods both converted the extracted
alkylmercury halide species to alternate forms prior to
detection. The alkylmercury species were ethylated
prior to GC-CV-AFS detection, whereas they were
decomposed to inorganic mercury prior to IEC-CV-
AAS detection. Lastly, the detection approaches used
for the three methods are based on the three atomic
spectrometric quantities of emission, absorption, and
fluorescence. '

The four sample preparation approaches used for the
quantification of the total Hg content of the three
musse] tissue materials also are independent. The CV-
AFS, FI-CV-AAS, and GA-CV-AAS methods all
used acid digestions but with very different condi-
tions. The GA-CV-AAS and FI-CV-AAS methods
both used only nitric acid for the sample digestions,
whereas the CV-AFS method used both sulfuric and
nitric acids. The FI-CV-AAS methods used microwave
power to heat the samples for a short period of time.
The GA CV AAS and CV AFS methods both used hot

1
pSCIRER 16 I U (hVe ¥ § moinlas S0 Usea Aot

plates to heat the samples for longer periods of time.
The INAA method required little sample preparation
other than the removal of moisture (i.e., freeze-drying)
from SRM 1974a prior to irradiation. The approaches
used for quantification of total mercury also varied
considerably with only slight similarities in the

GA-CV-AAS and FI-CV-AAS methods. Both of they
methods are based on the measurement of the atongj,
absorption of mercury vapor, although the modes ¢
introduction of the mercury vapor into the AAS sy
tems were different. One method used amalgamatioﬁ
on a gold wire to preconcentrate the mercury vapy
prior to detection, whereas the other method ugg
a flow injection system utilized on-line with the AAg
The other two methods were based on the measug.
ment of completely independent quantities from ty,
CV-AAS methods, i.e., CV-AFS utilized the measyr.
ment of the atomic fluorescence of mercury vapor frop
the sample and INAA is based on the collection ¢f
gamma radiations.

Comparison of method results

No method bias is evident in the MeHg and total }
data based on comparisons of the highest and lowes
values for each material as determined by each analyti.
cal method. The MeHg data for SRM 1974a and SR¥
2974 have a more narrow range, 71.1 ng/g to 80.4 ng/
(11%), than the total Hg data, 155 ng/g to 203 ng);
(27%), in the two similar materials. There is no obvious
reason for this finding other than the large number of
total Hg methods used to analyze these two materials.
For SRM 2976, the data for MeHg and total Hg have
narrow ranges, 5% and 11%, respectively. SRM 2976
was milled and blended more than SRM 2974, and this
additional preparation appears to have resulted in
greater homogeneity for SRM 2976 as compared with
SRM 2974.

Determination of certified values

The mean MeHg and total Hg concentrations for each’
material were determined by averaging the individual
method results for each analyte for each material. The:
uncertainties for the material mean concentrations are
expressed as 95% confidence intervals with the degrees
of freedom calculated from the number of methods

used to analyze each material. These results are shows

in Table 1. ,
There is no statistically significant difference in tht
mean MeHg concentrations for SRM 1974a and SRM:
2974, 77.1 + 7.7 ng/g and 77.3 + 12.1 ng/g, respective-
ly. This is expected because the materials were from the
same tissue homogenate. The uncertainties for thest
mean values are relatively high (10% and 16%), ho¥
ﬂﬂﬂﬂﬂ due to the low number of desrees of freedom for

ni
ever, GQued € i0 DU OCoY GOEITSs O IIceLe

each data set. The six MeHg values for the two mater
ials were averaged to produce the certified vali®
77.2 + 3.8 ng/g, which is applicable to both SRMs &
shown in Table 3. The uncertainty for the certified
value is expressed as a 95% confidence interval with the
degrees of freedom calculated from the number ©



e 3 Certified values for methylmercury and total mercury

fnbl
MeHg (ng/g as Hg) Total Hg (ng/g)

W 8.82 + 044 201 +15

‘et Mass basis)

S 19742 772 +38 176 + 13

fdry mass basis)

(s M 2974 772 +38 176 +13

dry mass basis)

sRM 2976 277 +£20 61.0+3.5

[ﬂ!V mass basis)

method mean values (i.e. six) for MeHg in SRM 1974a
and SRM 2974, The uncertainty in the certified value
covers the range of the individual method results within
{he uncertainties of those results. The certified MeHg
content for SRM 2976 as determined from the three
method results is 27.7 + 2.0 ng/g. The results from the
three methods were in good agreement, as reflected by
the Jow uncertainty in the certified value (7%).

" As with the MeHg data, all the total Hg data col-
fected for SRM 1974a and SRM 2974 were averaged to
‘determine the certified value applicable to both mater-
“ials, 176 + 13 ng/g. The data for both materials were
tombined due to the proximity of the mean concentra-
tions for the individual materials within the uncertain-
tes of those means, 186 + 41 ng/g and 171 + 18 ng/g,

espectively. Although the mean concentrations for to-

al Hg in SRM 1974a and SRM 2974 did not agree as
well as those for MeHg in the same materials, combina-
tion of the results into one certified value was done in
order to treat the data in the same manner for both
aalytes. The certified value for SRM 2976 as deter-
mined from the results of the five methods is
610 + 3.5 ng/g. The uncertainty in the certified value is
expressed as the 95% confidence interval with the de-
‘ees of frcedom calculated from the number of
methods. The small uncertainty in the certified total Hg
Jlue for SRM 2976 (5.7%) is a result of the close
ageement among the five methods for this material.
#The certified values for SRM 1974a based on the dry
¥ight of the material were converted to wet mass
trtified values using the material moisture content
Bported on the material certificate of analysis,
861 + 0.08%. The wet mass certified values are
slown in Table 3.

'ﬁ*g{,“mogeneity assessment

:é.VSIatistically designed homogeneity study was per-
?g:mw for the MeHg content of SRM 2974. Duplicate
Asubsamples from six randomly selected bottles of
*materjal were analyzed for MeHg content at NIST
Jthe GC-AED method. No statistically significant
ﬁ: “rences among the bottles were observed at the 1 g
| bsample size. Although a statistical homogeneity
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study was not performed for the MeHg content of SRM

 1974a, the agreement among the MeHg data for both

materials indicates SRM 1974a can be considered ho-
mogeneous at the subsample sizes used by NIST,
TAEA, and the Research Centre of Jiilich for the three
independent MeHg methods (0.2-8 g). No conclusions
can be made about the homogeneity of MeHg in SRM
2976, although the narrow range of results for MeHg in
this material indicates its probable homogeneity at the
0.2 gto 8 g subsample level. No homogeneity study was
performed for the total Hg content of SRM 1974a,
SRM 2974, or SRM 2976.

Conclusions

The MeHg and total Hg concentrations determined
using multiple independent analytical methods agreed
well for each material and permitted certification of the
mussel tissue SRMs for both analytecs. These threc
materials are the first mussel tissues certified for MeHg,
and SRM 2976 contains the lowest certified level of
MeHg in a biological tissue CRM currently available.
The relative uncertainties in the certified MeHg values
are also low, 4.9% for SRM 1974a and SRM 2974 and
7.2% for SRM 2976. The relative uncertainties for
SRM 1974a and SRM 2974 are the lowest of all cur-
rently available MeHg CRMs. The agreement in MeHg
concentrations in SRM 1974a and SRM 2974 also
supports the practice of freeze-drying mussel tissues in
that no detectable amount of MeHg was lost during
material preparation. Lastly, the percentages of the
total Hg content in the form of MeHg in the three
materials, 44% for SRM 1974a and SRM 2974 and
45% for SRM 2976, are in agreement as expected for
marine species at the same level in the marine food web.
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