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Abstract

The present study deals with the (larger-scaled) biomonitoring survey and
specifically focuses on the sampling site. In most surveys, the samp/ing site
is simply selected or defined as a spot of (geographical) dimensions which is
small relative to the dimensions of the total survey area. Implicitly it is
assumed that the sampling site is essentially homogeneous with respect to
the investigated variation in survey parameters. As such, the sampling site
is mostly regarded as "the basic unit" of the survey. As a logical
consequence, the local (samp/ing site) variance should also be seen as a
basic and important characteristic of the survey. During the study, work is
carried out to gain more knowledge of the local variance. Multiple sampling
is carried out at a specific site (tree bark, mosses, soils), multi-elemental
analyses are carried out by NAA, and local variances are investigated by
conventional statistics, factor analytical techniques, and bootstrapping.
Consequences of the outcomes are discussed in the context of sampling,
sample handling and survey quality.

1. BACKGROUND AND SCOPE OF THE PROJECT

Instrumental Neutron Activation Analysis (INAA) has been used frequently at the
Interfaculty Reactor Institute (IRI) of the Delft University of Technology for trace element
determinations of several plant species such as grass, tomato, soy bean, spinach, pea
and various plant reference materials. Fifteen year's experience with INAA on lichens,
mosses and bark in the context of air pollution biomonitoring surveys [1,2] forms the
basis for both the present study and extensive (inter)national collaboration (a.o. IBN-
DLO, Wageningen , The Netherlands, ITN, Sacavem, Portugal, Prague Univ. Technol.,
Czech Republic, IAEA, Vienna, Austria, Univ. Lund, Sweden, and many others, in the
context of the European Moss Program, Univ. Rhode Island, Narragansett, USA). The
present study is based on reasoning that there should be a means to assess the quality
of a survey: in a recent paper [2], the local variance was presented as one of the key
parameters of such an assessment. The survey quality was proposed as measurable by
analysis of the signal-to-noise ratio, which, in turn, can be determined by the ratio
between survey and local variance [2].

The indicated analysis implies that quality cannot be determined/indicated before
the start-up of the survey: the assessment asks for the survey variance. The present
study searches for an entrance to this problem: knowledge of the local variance may
help minimizing its extent, thereby possibly leading to an increased survey signal-to-
noise ratio. The aims of the study make that attention should not only be focused on
analytical (instrumental) variances [1,2], but that especially the total local variances
(including biological and all further unspecified variances) should be investigated [1-5].
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2. METHODS

2.1. Sampling, sample handling and element analysis

Multiple samples are taken from tree bark (local site at Delft, The Netherlands),
and from mosses and soil (local site at Hattem, The Netherlands). Tree bark and moss
samples are handled as in [6,7], immersed in liquid N2, and milled in a FRITSCH
(pulverisette 14) Rotor Speed Mill. Soil samples are dried at 40 °C after pre-sieving
through a 5 mm sieve (LINKER INDUSTRIE-TECHNIK); after drying sieving is repeated
through a 2.8 mm sieve. Elemental analysis is carried out by INAA, following
instrumental methods as essentially described in [8]. Quality control is performed by the
regular analysis of standard reference materials (NBS-1572 "Citrus leaves", NIST SRM
2711 "Montana soil"). For tree bark, separate from INAA on the initially taken samples,
the rest of the sample masses are mixed thoroughly (a total of about 1000 g mass),
after which 32 sub-samples are taken and also processed by INAA. The rest of the mass
is analyzed as a bulk sample by the IRI BISNIS large volume facility [9,10],

2.2. Data processing

General and initial processing of data is by straight-forward statistics and by FA
techniques [11,12]. Bootstrap procedures [13-15] are used to construct confidence
regions for the local elemental concentrations. In general terms, and without going into
detailed mathematics, the bootstrap method is a computer-based method, used to
assess the accuracy of an estimation of a unknown (statistical) parameter, thereby
substituting considerable amounts of computation in place of theoretical analysis [14.
Thus, in the present study, the data of the local sampling are considered as an estimate
of the local population of elemental concentrations; bootstrapping can be regarded as
the use of simulation to approximate the true statistical distributions [15].

3. EARLY RESULTS AND FUTURE WORK

The ratio between survey vs local variances (the signal-to-noise ratio) has been
selected earlier as an measurable estimate of the survey's quality [2], but the inherent
drawback of this measure is of course that quality is determined afterwards. The present
study is concerned with possibilities to estimate the survey's quality before the start-up
of the survey. This implies an important pre-positioning in thinking: the a-priori set-up of
the survey should contain measurable information about it's quality. As a first collection
of thoughts, the local variance is studied in more detail.

The determination of the local variance implies that all aspects of the survey are
taken into account: biomonitor selection, definition of the sampling site, sampling,
sample handling, elemental analysis etc. As a first result, based on data from various
surveys [2], the distinction between local uncertainty and analytical uncertainty shows
up. In general terms, the data indicate that analytical uncertainties do not contribute
significantly to the local uncertainties (data not shown). This means that in larger-scaled
surveys any effort to improve the analytical precision may be regarded as meaningless.
The data also show that a high accumulation factor (see discussions in [16,17]), which
may be translated into a better precision in elemental analysis, has only limited value as
a criterion for the selection of the biomonitor species. These results suggest that
attention should be focused on other that analytical uncertainties.

In studying the local variance, future work will be focused on finding ways to
well-define the real local variance, to find ways to reduce its extent, to translate the
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results into practical aspects of the survey, and to use the data as a starting point for
further study of the a-priori estimates of the survey's quality.
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