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from 5% to 20%. However, the variability occa-
sionally exceeds 50%. The variability appears to be
primarily related to the intrasite variability in grain
size, and secondarily related to analytical detection
limits for some elements.

Measurements of mud content (silt plus clay) at
several sites had a CV of greater than 100%. Usu-
ally, trace metal CVs at these sites were also very
high, in the range of 40% to 80%. This relationship
between the high CVs for mud and trace metals is
not surprising because of the positive correlation of
these metals with fine grain sediments.

The concentrations of the crustal elements (Al,
Fe, Mn, and Si) are less influenced by grain-size
variations than are the trace elements and, there-
fore, had the lowest intrasite CVs, usually less than
the 10%.

The intrasite CV has a direct effect on the ability
to detect either temporal trends or between-site dif-
ferenoes. Statistical calculations (table 1) indicate
that with a site replicate sample number of 3 and an
intrasite CV of 0.1, a 1.4-fold difference in concen-
tration would be detectable with 80% confidence
using a two-sided t-test at the 0.05 significance
level.

Intrasite variability for metals in bivalves is simi-
lar to that for sediments. Commonly, CV values for
metals range from 10% to 20%, indicating that rel-
atively small incremental changes in metal concen-
trations can be detected. For example, a 1.4-fold or
40% change can be detected if four site replicate
samples have a CV of 0.1 (table 1).

Table 1. Minimum number of replicates necessary to detect a
K-fold difference in geometric means with 80% confidence,
using a two-sided t-test at significance level 0.05. Coefficient of
variation of measurement (equals analytical plus sampling
variability)

K' 0.1 0.2 0.3 0.4 0.5

1.1 19 71 157 278 433
1.2 6 20 44 77 120
1.3 4 11 22 38 58
1.4 3 7 14 24 36
1.5 3 5 10 17 25
1.6 3 5 8 13 19
1.7 3 4 7 10 15
1.8 2 4 6 9 13
1.9 2 3 5 8 11
2.0 2 3 5 7 10

' 1.4=40% change in value; 2.0=100% change (i.e., twofold
change in value, etc.).

The temporal trends in Ba concentrations in
California shelf sediments have been examined.
Barium was analyzed at 13 stations both in October
1986 and January 1987. A paired t-test was used to
test if the 13 station Ba means were different in
October than in January. The means (724 and 738
1Ag/g Ba) were not significantly different at an
a=0.05. Assuming the variance in these data is a
good estimate for future differences between the 13
stations, then an absolute difference of about 25
lxg/g Ba, or a 4% change in Ba, could be detected
with an a=0.01. The power of the test used was
p =0.95, or the probability that we reject the null
hypothesis when we should.
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1. Introduction

Manganese is widely distributed in the environ-
ment, comprising about 0.1% by weight average
crustal abundance [1]. Among the more important
commercial uses of manganese are iron alloys, non-
ferrous alloys, dry cells (as MnO,), oxidizers
(mostly as KMnO4 ), and a large number of
organomanganese compounds, notably methyl-
cyclopentadienylmanganese tricarbonyl (MMT),
used as a gasoline additive [2,3].

Under "normal" or non-occupational exposure
conditions, low levels of manganese are found in
serum, usually about I gg/L or less [4]. During
occupational exposure, the levels of manganese in
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serum or plasma are observed to rise, the man-
ganese mainly bound to ,3-globulin or transferrin
[4,5]. Manganese in blood is found mainly in the
red cells, approximately 25 times higher in concen-
tration than in serum [4]. The regulation of serum
manganese levels seems to be homeostatic under
"normal" conditions. Exposure to either inorganic
or organic manganese has been shown to cause an
increase in serum manganese [5].

Generally speaking, there are two conditions in
which biological monitoring of manganese is im-
portant: 1) occupational exposure, in which serum
manganese is elevated; and 2) some nutritional
states in which a manganese deficiency is observed,
reflected by near zero serum manganese [6].

The adverse health effects of increased man-
ganese absorption include CNS effects, especially
with organomanganese compounds. Symptoms
which have been observed include dyspnea, fever,
tachycardia, and Parkinsonian muscle weakness
and rigidity [7]. Deficiency of manganese, on the
other hand, has been suggested to be related to os-
teoporosis-like decalcification of bone [6].

The normal range of serum manganese values
are from about 0.4 to 1.0 plg/L [8-10]. Any pro-
posed method for manganese in serum must have a
detection limit commensurate with these values.
Of equal importance is the avoidance of contamina-
tion by manganese, which is ubiquitous.

The method to be described is suitable for mea-
surement of serum manganese in either nutritional
or occupational exposure settings. The detection
limit is about 0.2 A.g/L, with linearity observed up
to 12 ttg/L. Within run precision, as calculated by
analysis of variance (ANOVA), is about 10% for
analysis of reference material from the U.S.
National Bureau of Standards.

2. Experimental
2.1 Instrumentation

A Perkin-Elmer Zeeman/5000 atomic absorp-
tion spectrophotometer' was used, equipped with
an AS-40 autosampler and DS-10 Data Station
(Perkin Elmer, Norwalk, CT USA). A Perkin-
Elmer "Intensitron" hollow cathode lamp was
used, with instrumental and spectroscopic parame-
ters as in table 1. Pyrolytic graphite platforms and
furnaces were used throughout.

' The use of trade names is for identification only and does not
constitute endorsement by the U.S. Department of Health and
Human Services.

Table 1. Furnace conditions for the
manganese

determination of serum

Step I (Dry) 2 (Char) 3 (Atomize) 4 (Cool)

Temp'C 180 1400 2400 20
Ramp (s) 5 5 1 1
Hold (s) 25 15 4 4
Flow (mL/min) 300 300 0 300

Recorder, (s) -5
Baseline (s) -I

Lamp current 30 ma, wavelength 279.5 nm, slit 0.7 (ALT).
Pyrolytic platform and furnace; 20 ML injected volume.

2.2 Reagents

Serum diluent was prepared with Triton X-100
(Fisher Scientific Catalog # CS-282-4M), using
500,jL diluted to 100mL with ultrapure water.
The water used was polished with a Milli-Q system
(Millipore Corp.) to a resistance of 18 Mfl/cm.

2.3 Sample Collection

The collection of uncontaminated serum speci-
mens is critical to the success of this determination.

Subramanian and Meranger [10] have described
a procedure for serum collection which includes
the use of plastic cannula to avoid manganese con-
tamination. Veillon [11] has suggested the use of
"siliconized" metal needles in which the surface
has been rendered hydrophobic, thus minimizing
metal contact with the specimen.

To apply this method to an osteoporosis study, a
protocol was used for serum collection which is
based upon our previous experience in collection of
serum for determination of zinc and iron [12] and is
similar to one described by Jarvisalo et al. for col-
lection of uncontaminated whole blood for man-
ganese determination [13]. In our protocol, two
15 mL portions of blood are collected sequentially
in "standard" serum tubes using a 20 gauge multi-
ple sampling needle (Becton-Dickinson Catalog
# 5749), followed by collection of 7 mL of blood in
a serum tube specially prepared to minimize trace
metal contamination (Becton-Dickinson Catalog
# 6526). After allowing the "trace metal" specimen
to clot at room temperature, the blood was refrig-
erated at 4 'C and centrifuged to harvest the serum.
Serum was transferred to 1.8 mL "Nunc" brand
cryotubes (Catalog # 3-68632), and stored at
-20 'C until analysis.

To evaluate the potential contamination from the
collection and storage equipment used, a "lot test-
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ing" procedure based on statistical methods of A.
Wald [14] was performed. None of the collection
or storage tubes or needles (N= 10) tested had de-
tectable manganese.

2.4 Contamination Control

In addition to the procedures referred to above,
manganese contamination must be rigorously
avoided in the specimen processing procedure it-
self. Glassware and plasticware were cleaned with
aqueous detergent followed by rinsing with copi-
ous quantities of ultrapure water; then they were
soaked overnight in 25% v/v reagent grade nitric
acid. After additional rinses with ultrapure water,
the plastic or glassware was then dried in a Class
100 facility, and stored in a dust-free area. Pipet
tips were rinsed with ultrapure water, then with
specimen or diluent before use. Linear poly-
ethylene or polystyrene autosampler cups were
cleaned as above [8,10,11].

2.5 Procedure

Prepare matrix modifier (0.5% v/v Triton X-
100) on a weekly basis, to minimize contamination
due to handling. Dilute the well-mixed serum with
an equal volume of 0.5% Triton X-100, and inject
20 pL aliquots via the autosampler, making dupli-
cate area measurements. Calibration is accom-
plished with a curve prepared with (I + 1) Triton
X-100/water, using the instrumental conditions
given in table 1. Peak area was used for calibration
throughout.

3. Results and Discussion

Determination of a series of "control" sera by
the proposed method gave the results in table 2.
The three pools determined had nominal man-
ganese concentrations above those expected for
"normal" sera; probably as a reflection of contami-
nation during the collection or dispensing process.
Accuracy of the procedure is evidenced by both
analysis of RM 8419, with a nominal value of
2.6 ig/L, and by recovery estimates on "spikes"
sera. Recovery of manganese to serum R576 gave
an average of 102.9% for four replicate additions
of 80, 160, and 240 pg manganese.

Table 2. Precision and accuracy study

Target
value SD (within SD (among SD

Pool (.,g/L) Found run) run) (total)

RM 8419 2.6 2.46 0.28 0.25 0.38

R576 4.86 0.23 0.49 0.54

"Low" 2.76 0.43 0.52 0.68

Twenty-two serum specimens were analyzed for
manganese from participants in the initial phase of
an osteoporosis pilot study. Results of these deter-
minations gave a mean value of 1.3 gg/L, with a
range of 0.56 to 2.7 gg/L. These data are quite sim-
ilar to those reported by Subramanian [10], who
reported data for 30 subjects. We feel that these
results are indicative of a collection system that
does not introduce appreciable manganese into the
collected serum specimen.

Optimization of the char temperature, as de-
scribed by Welz [15] is shown in figure 1. The char
temperature chosen was sufficient to reduce the
background absorbance to approximately 0.04-0.10
A without analyte loss. The characteristic mass,
pg manganese required for an average absorbance
area of 0.0044 A s, is 3.2 pg, in good agreement
with published values [16,17]. Linearity was evalu-
ated by extending the calibration curve to about
0.30 A s, which corresponds to serum with a man-
ganese value of 12 Itg/L. The calculated linear re-
gression line gives an estimated slope of
8.57X l0-3 A-s per gg/L for both diluted serum
and water (both 1 + 1 with matrix modifier).

The proposed method is rapid, convenient, and
accurate. It has been shown to be suitable for eval-
uation of "normal" subjects for a nutritional study.
Contamination, often a limiting factor with serum
transition metal studies, is successfully avoided
with the simplicity of the procedure and use of a
single aqueous diluent.
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Studies on the elemental composition of biologi-
cal systems can be divided into four stages:
experimental design, collection of valid samples,
chemical analysis and data evaluation (and inter-
pretation). Each of these steps is important for the
overall success of an investigation. In our opinion,
one aspect of data evaluation and interpretation of
trace element studies, namely relating the elemen-
tal analysis data to a meaningful base, has not re-
ceived adequate attention. In many cases this has
resulted in wrong conclusions being reached, even
if the elemental analysis has been carried out cor-
rectly. This frequently happens when the biologi-
cal material consists of several components with
different elemental content, and the ratio of these
components differs from sample to sample [1].

Elemental analysis in bone samples is an example
of this phenomenon, as several elements are un-
evenly distributed between the different bone com-
partments. The fluorine content of the trabecular
bone, for instance, is greater than that in the com-
pact substance by a factor of 3 [1]. As the ratio of
spongy to compact substance varies along the
bone, different fluorine contents are estimated for
the whole sample, according to where the sam-
pling has been carried out, although no changes in
the fluorine levels in the different bone tissues have
occurred. Forbes et al. [2] have reported a similar
phenomenon for lead within a rib; expressed on the
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