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Introduction

In biomedical trace element research, reference
materials are a relatively recent development: in-

deed, Bowen's Kale Powder became available only
in the middle of the 1960s, NBS Orchard Leaves
(SRM 1571) and NBS Bovine Liver (SRM 1577) in
the beginning of the 1970s. In general, when com-
pared to a number of real samples submitted to lab-
oratories for elemental analyses, these reference
materials have high or relatively high trace ele-
ment concentrations. This is probably best illus-
trated when the levels expected in human blood
plasma or serum (matrices which are frequently an-
alyzed both because of their established biomedical
importance and their ready availability) are consid-
ered. For example, for chromium and manganese,
figures are as follows-370 and 14,950 ng/g (in
Bowen's Kale Powder), 88 and 10,300 ng/g (in
NBS Bovine Liver), and 1.5 and 5.5 ng/g dry
weight (in human blood plasma or serum). So, al-
though the above-mentioned, first generation bio-
logical reference materials rendered excellent
services as a means to check the accuracy and pre-
cision of analytical techniques, large numbers of
investigators were still largely left to their own
devices.

Some reference materials are specifically aimed
at researchers working on human blood plasma or
serum, e.g., NBS Human Serum (SRM 909),
Nycomed's Human Serum (STE 105), and Na-
tional Institute for Environmental Studies' (NIES)
(Japan) Freeze-Dried Human Serum. In all three
cases, however, it is obvious that the original levels
of several elements must have been drastically dis-
torted during the collection and preparation of the
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materials. For example, in reconstituted NBS
Human Serum the nominal concentration of
chromium is 91.3 ng/mL whereas the true level of
the element in fresh plasma or serum is now widely
believed to be approximately 0.15 ng/mL (or ap-
proximately 1.5 ng/g dry weight as mentioned
above); in reconstituted Nycomed's Human Serum,
the concentration of manganese was measured to
be 23.5 ng/mL whereas the true level of the ele-
ment in plasma or serum is now definitively estab-
lished to be approximately 0.55 ng/mL (or
approximately 5.5 ng/g dry weight as mentioned
above). In fact, these materials give false feelings of
confidence to inexperienced workers in search of
reference materials to back their figures in real
plasma or serum samples; obviously, they are only
useful in a few instances, namely for the determina-
tion of iron, copper, and zinc, and, in the case of
Nycomed's Human Serum, for the determination
of selenium.

New Developments

Among researchers working on matrices with
low trace element concentrations (or with "ultra-
trace" element concentrations), the need for sec-

ond generation biological reference materials with
trace element levels close to those in real samples
was very strongly felt. Efforts to meet their needs
were undertaken in some centers.

NBS Non-Fat Milk Powder, SRM 1549

This material, issued in 1984, represents a matrix
with some of the lowest trace element levels so far
available. To the authors of this paper, not much is
known about its collection and preparation. Recent
publications [1,2] give very few details. Trace ele-
ment levels (either certified or information values)
are listed in table 1. Several years before (in the late
1970s), the International Atomic Energy Agency
(IAEA) also issued a milk powder reference mate-
rial (A- lI). However, in the original intercompari-
sons it gave very unsatisfactory results for most
elements so that a coordinated program was set up
to improve the certification: the results were pub-
lished only some months ago [3]. The most striking
differences are a markedly higher chromium
(17.7 ng/g) and mercury level (3.2 ng/g), a moder-
ately higher arsenic (4.85 ng/g) and cadmium level
(1.7 ng/g), but a definitely lower molybdenum
level (92 ng/g) in the IAEA material.

Table 1. Trace element concentrations in recently developed biological reference materials

Element, unit NBS Non-Fat Milk NBS Bovine Serum, Freeze-Dried Human
Powder, SRM 1549 RM 8419 Serum, this paper

IA!, ng/g dry weight (2000) 132 20.2
Cr, ng/g 2.6 3.04 0.76
Mn, ng/g 260 26.4 7.7
Fe, ±tg/g (2.1) 20.3 25.9
Co, ng/g (4.1) 12.2 3.6
Ni, ng/g 1 8 .3b (2.5)
Cu, lg/g 0.7 7.6 11.1
Zn, lLg/g 46.1 11.2 9.6
As, ng/g (1.9) (3.5) 19.6
Se, gtg/g 0.11 0.16 1.05
Br, tg/g (12) 48.8
Rb, gg/g (11) (1.20) 1.85
Mo, ng/g (340) 162 7.5
Cd, ng/g 0.5 2.0
Cs, ng/g (2.2) 10.0
Hg, ng/g 0.3 (7.0)

'Values converted into ng/g or pg/g dry weight: recommended values, published in jig/L or mg/L
[5], were multiplied by 10.15 (i.e., 100/(1.026X9.6)-1.026 being the specific gravity of the fresh serum
(estimated) and 9.6 the percent residue after freeze-drying).
b Recently, lower values were reported by other researchers [6].
Figures in parentheses are information values only; the others are certified (NBS Non-Fat Milk
Powder, SRM 1549, and Freeze-Dried Human Serum, this paper) or recommended values (NBS
Bovine Serum, RM 8419).
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NBS Bovine Serum, RM 8419

This is a very important material that became
available in 1985 (pool of approximately 8 liters).
Its collection and preparation (by C. Veillon and
coworkers in Beltsville, MD) as well as its charac-
terization (by C. Veillon and collaborating investi-
gators both from Europe and the United States)
were described [4,5]. It is interesting to note that
the material was distributed in liquid form and that
its recommended values were in Ag/L or mg/L
(ng/ml or ytg/ml); for the sake of uniformity, how-
ever, values listed in table I were converted into
ng/g or ,ug/g dry weight. Its main characteristics
are obvious from the table. This material has now
been analyzed by several researchers throughout
the world. As indicated, in a footnote to the table,
for nickel, values lower than that assigned were
obtained by Andersen et al. [6]. As far as the au-
thors of this paper are aware, the first batch of this
material is now exhausted but a second is in prepa-
ration; preliminary results for a number of elements
are similar to those measured in the first batch.

low trace element levels, comparable to those in
one of the most challenging matrices: real plasma
or serum-was attained. Particular attention is
drawn to the values for chromium, manganese,
nickel, molybdenum, cadmium, and other difficult
elements to measure reliably.

Conclusion

During the last 5 years, second generation bio-
logical reference materials have became available.
Investigators engaged in low level trace element
research finally have the means to check the accu-
racy and precision of their analytical procedures in
the best possible conditions; in addition, for the
first time they have at their disposal a possibility to
evaluate the adequacy of some of their sample ma-
nipulation and preparation methods. With judi-
cious use of the newly developed reference
materials, it should be possible within a relatively
short period of time to harmonize low-level trace
element measurements by different researchers in
human health and disease.

Freeze-Dried Human Serum

This second generation reference material was
developed at the University of Ghent in Belgium
by the authors. In 1981, a pilot study was set up to
test the feasibility of the project; collections for the
final pool were started in the second half of 1982.
As donors, patients were selected for idiopathic
hemochromatosis under treatment with phle-
botomy. All were tested for hepatitis B surface
antigen (HBsAg) as well as for antibodies against
human immunodeficiency virus (HIV) and found
to be negative. In December 1984, approximately
22 liters were accumulated. The collection and
preparation of the material were discussed at the
7th international Conference on Modern Trends in
Activation Analysis (Copenhagen, 1986); the writ-
ten version of the text is in press [7]. The most
important point that should be emphasized is that
all imaginable precautions were observed to avoid
contamination with exogeneous material! In 1985
and 1986, the material was homogenized and certi-
fied. A description of the whole process has been
submitted for publication [8]. The values attached
to the material are also catalogued in table 1. A
comparison of the levels with those expected in
lyophilized plasma or serum samples of appar-
rently healthy adults illustrates that the purpose of
the project-preparing a reference material with
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Note

The material described in this paper may be pur-
chased ($150 per "unit," i.e., 12 samples of approxi-
mately 100 mg, or 8 samples of approximately 200
mg, or three samples of approximately I g, or one
sample of approximately 2 g, or one sample of ap-
proximately 4 g of lyophilized material) from the
University of Ghent via Dr. J. Versieck who
should be contacted for further details.
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1. Introduction

Three marine monitoring programs now in pro-
gress were designed to detect contaminated marine
ecosystems and to quantify temporal trends in con-
taminant concentrations. These programs are the
National Status and Trends "Mussel Watch" Pro-
gram, which is funded by NOAA's Ocean Assess-
ment Division, and the Beaufort Sea Monitoring
Program and California Outer Continental Shelf
Phase 11 Monitoring Program, which are both
funded by the U.S. Department of Interior Miner-
als Management Service. As part of these monitor-
ing programs, replicate samples of sediments and

organisms from numerous stations are collected an-
nually and analyzed for contaminants.

2. Field Sampling Methods
2.1 Sampling Rationale

Critical to the success of monitoring programs is
the minimization of sampling variability. The sam-
pling strategy was developed to effectively achieve
the following:

* ensure uniformity of sampling techniques
through establishment of and adherence to
specific detailed field protocols;

* collect organisms from indigenous populations
in areas considered integrative of contaminant
inputs;

* collect undisturbed, depositional surface sedi-
ments from areas considered integrative of con-
taminant inputs;

* employ collection methods that minimize con-
tamination;

* employ sample position-fixing techniques accu-
rate to ± 100 m or better;

* sample for auxiliary parameters (shell length,
sediment grain size, organic carbon) that may be
used to normalize the variability of analytical
data;

* plan subsequent collections during the same sea-
son and from precisely the same site coordi-
nates.

2.2 Sediment Sampling Methods

Sediment was collected at three or more repli-
cate stations within a site using a Kynar-coated
grab sampler or box corer designed to collect
undisturbed surficial sediment. Prior to subsam-
pling the surface sediment, the quality and integrity
of the sample was determined according to speci-
fied criteria. A grab sample was acceptable if it
contained overlying water (siphoned prior to sub-
sampling), and was not acceptable if the sampler
over-penetrated the sediment. A Kynar-coated
stainless steel sediment scoop was specifically de-
signed to collect uncontaminated, undisturbed sedi-
ment from the grab sampler.

2.3 Organism Sampling Methods

In sampling for bivalves, the primary objective
was to obtain three discrete samples from three sta-
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