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Abstract

Three approached were made for data evaluation and source
estimation of acid deposition. 1) A normal distribution theory
was applied for formulating the basis for ion balance
screening. Experimentally determined parameters in the formular
enabled us to predict the probable ranges for ion balance, 2)
Probable errors associated pH measurement with glass-electrode
was evaluated on the basis of both theory and experiments, and
3) SLS method was modified to precipitation chemistry data
analysis. This mehtod was further applied to datasets for two
sites on Japan Sea coast, Iwamizawa and Yoshinotani to predict
the numbers of main sources and their chemical compositions,
which will provide a very useful tool for source analysis
without any information on source chemistry.
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1. Introduction

Data quality evaluation is indispensable in the analysis of
precipitation chemistry data because 1its quality directly
affects the validity of conclusion of the research. The quality
of the data is usually evaluated in terms of 1ion balance?®’.
However, the acceptable limits were not set through theoretical
discussions but empirical practices?®’. Some mathematical theory
should be applied to this evaluation method. ’

Hydrogen ion concentration is determined with pH measurements
which could be highly problematic for precipitation waters.
This precision should be evaluated both theoretically and

experimentally.

Source prediction is an important analysis in the study of
acid deposition, but commonly employed analysis methods
including elementary mass balance method require some

information on source chemistry. SLS method is capable of
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4. Self-Consistent Least-Mean Square (SLS) Method for Source
Estimation
Without any source information, the SLS method enables the

number of sources, their chemical composition as well as
relative contributions. A schematic explanation for this
method is given in case of assumed three sources (Fig. 3).
Concentrations of a component at sources A, B, and C (ca, ¢Cpg,
Cc) are first assumed. With these values and precipitation
chemistry data, relative contribution of each source, Fa, Fopg,

Fe are then computed. This iteration is conducted until C's and
F's are significantly converged.

This newly modified method was applied to datasets for sites
on Japan Sea coast®’, Iwamizawa and Yoshinotani. The result is
shown in Table 3. Iwamizawa site was interpreted to be affected
by three sources whose chemical components were 1) sulfate and
nitrate salts of calcium and ammonium, 2) seasalt, and 3)
partially neutralized acids. Similar results were obtained for
Yoshinotani (Table 3).

These findings are consistent with proposals by Tsurumi' et
al.?*> and Satake et al.®’ that some fraction of sulfate were in
the form of calcium sulfate. Present result suggests that this
compound could be deposited over a wide range of Japan Sea
coastal area. Hara et al.®- 7° suggested that sulfate
deposition intensity increased in winter along this coastal
arca. The present result supports their results.
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predicting the number of sources and their chemical composition
without any source information. A method derived from the SLS
for precipitation chemistry data analysis will be applicable to
many datasets available in JapanZ®°’.

In this study, ion balance was theoretically discussed with
some experimentally determined parameters, errors associated
with pH measurements were evaluated with theory and
experimentation, and further, the SLS method was modified for
precipitation chemistry data analysis and applied to available
datasets for Japan Sea coast.

2. Model for Ion-Balance Screening

A measured value for an ionic species, i, obeys the normal
distribution, N(g;, 0:%) on the basis of error theory, which
further suggests ion balances, R1(=C/A) and R2(=Acaic/Ameas)
obey normal distributions. The mean and standard deviation 1in
the normal distributions will be obtained from the means and
standard deviations of individula component ions: pur=tc/Ha,
Or?2(Uc/la)® X(0c2/uc® + 0a%/UuA%).

The standard deviation for cation sum, C and anion sum, A
were the sums of each standard deviation for each components,
which was estimated from standard deviation in reproducibility
experimentation of ten precipitation samples. The means and
standard deviations were shown in Table 1. From these
parameters, probablity functions for Rl and R2 are eventually
obtained. Both R1 and R2 probablity functions for a sample are
illustrated in Fig. 1. The R1 and R2 values were well 1in the
conventional acceptable range, 0.80-1.20, but the standard
deviations considerablly For the precipitation samples in Table
1, R1 and R2 were 1illusterated as ellipses with standard
deviations in Fig. 2. In these ways, the R1 and R2 values will
be quantitatively discussed. The standard deviations were well
smaller than the ion balance difference from wunity. This
strongly suggests that random errors donot significantly affect
the ion balance, and that systematic errors should be reviewed
in such cases.

3. Precision of pH Measurement with Glass-Electrodes

The pH value determined with the glass-electrode is expressed
theoretically as: pHg = -log [H”] -logy + F(E;-E;s)/(kRT 1n
10). Application of Debye-Huckel and Henderson equations to
this equation will provide estimates for theoretical errors due
to the difference between standard solution and precipitation
water samples. The error was suggested as high as 0.04 pH unit
in most cases.

Errors assocated with experimental determination were
evaluated with electrodes of different types under various
conditions. The results are shown in Table 2 with those by
Midgley®’. Experimental errors were concluded to be 0.1. We
recommend evaluation of electrode performance before the
employment of a new electrode as well as periodical evaluation
between experiments.
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