This article was downloaded by:

On: 17 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

-“"“""'-'f_""-'i: _m International Journal of Environmental Analytical Chemistry

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713640455
International Journal of

mmw “ Reliability and comparability - crucial aspects of research on atmospheric

CHEMISTRY. precipitation

PAERE | Iwona Kurzyca®; Barbara Walna'; Jerzy Siepak®
Bt vt Bk - eeiases i | * Department of Water and Soil Analysis, Adam Mickiewicz University, 60-613 Poznan, Poland ®
Ermvironmanisl snd Cleicsl Anshywis
N RO _ . Jeziory Ecological Station, Adam Mickiewicz University, Poland

Gusl Fdiier: Robenie Ailloden

Parl 2: Ersernrsenial e Foed Applic sliee

Online publication date: 22 September 2010

@ Tanhor & Francis

To cite this Article Kurzyca, Iwona , Walna, Barbara and Siepak, Jerzy(2009) 'Reliability and comparability - crucial
aspects of research on atmospheric precipitation’, International Journal of Environmental Analytical Chemistry, 89: 8,
901 — 916

To link to this Article: DOI: 10.1080/03067310903023627
URL: http://dx.doi.org/10.1080/03067310903023627

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713640455
http://dx.doi.org/10.1080/03067310903023627
http://www.informaworld.com/terms-and-conditions-of-access.pdf

13: 43 17 January 2011

Downl oaded At:

Intern. J. Environ. Anal. Chem. Taylor & Francis
Vol. 89, Nos. 8-12, 15 July—15 October 2009, 901-916 Taylor &Francis Group

Reliability and comparability — crucial aspects of research on
atmospheric precipitation

Iwona Kurzyca®, Barbara Walna® and Jerzy Siepak®

“Department of Water and Soil Analysis, Adam Mickiewicz University, 24 Drzymaly Str.,
60-613 Poznan, Poland; Z’Jeziory Ecological Station, Adam Mickiewicz University,
62-050 Mosina, PO Box 40, Poland

(Received 31 July 2008, final version received 6 May 2009)

The paper presents some research problems concerning the use of different
methodologies, particularly focusing on reliability and comparability based on
the authors’ own research and some literature. The differences involving such
factors as the place, mode and frequency of sampling, kinds of samples taken,
duration and method of storage from the time of sampling to the time of analysis,
preparation of samples for analysis, and verification and interpretation of the
results, were investigated. The most significant changes were observed in
precipitation samples obtained as a result of different collecting procedures —
both in terms of method and frequency. The differences in concentrations of some
ions for the corresponding samples of wet and bulk deposition exceeded 100%.
On the other hand, the equalisation of samples and results led to the differences in
results reaching 20%. The results of analyses of precipitation samples collected
within a certain time sequence (monthly) poured together in amounts propor-
tional to the precipitation events, differed from the figures obtained for samples
collected on a daily basis and averaged. The greatest differences were observed in
the pH and in concentrations of NHJ, SO?~, and Ca*". The changes of the
composition of precipitation samples stored at a variety of conditions were also
investigated. The greatest changes were observed for NO; NOj, and NHj
concentrations. Changes in pH during storage could even range over 1.6 units,
which corresponded to more than a 15-fold difference in HY concentrations.
Evaluation of analytical methods applied with the verification of the validation
parameters has been also presented. Moreover, data verification and interpreta-
tion by a different method, e.g. comparing the measured value of conductivity
with the calculated one or balancing the determined cations and anions, as well as
use of statistics (including chemometric techniques), are presented.

Keywords: atmospheric precipitation; sampling; sample preparation; chemical
analysis; data checking and reporting

1. Introduction

Atmospheric precipitation affects the natural environment globally. The results of the
analysis of atmospheric precipitation samples significantly influence the assessment of the
level of atmospheric pollution. That is why the interpretation of the results must be based
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on reliable and accurate data. A wide range of research on atmospheric precipitation
i1s carried out in laboratories all over the world, associated in international and state
environment monitoring networks and individual units, including scientific research
institutions. However, the numerous results of research presented in literature are
characterised by different scientific and interpretative values. It is important to plan an
experiment in the way that enables minimising errors at each possible stage; starting with
the proper sampling, through the sample treatment prior to the analysis and the analysis
itself, ending with the verification and interpretation of the obtained result. There is
no gradation of importance of any of the stages as negligence may result in obtaining
unreliable information concerning the investigated material and may lead to inaccurate
conclusions. Moreover, only the use of analogous research procedures enables the
comparison of the research results with literature data.

There are a number of reference studies [1-4] which minutely describe procedures
for atmospheric precipitation research. There are also some scientific studies describing the
problems of the research on atmospheric precipitation, which include discussions on
sampling [5-9] or analytics [5,10—13]. Unfortunately, in spite of the existence of standard
manuals, scientific research institutions and some monitoring networks still use their own
procedures or they do not meet the requirements of Good Laboratory Practice (GLP),
which results in obtaining data of small interpretative value. That is why standard
procedures are worth using, keeping in mind that quality assurance/control (QA/QC) and
testing are essential.

This study discusses some research problems concerning the use of different
methodologies, particularly focusing on reliability and comparability based on the
authors’ own research and some literature.

2. Experimental

2.1 Sampling — sitting criteria, collector, sampling period

The basic aspect in conducting an experiment is a correct sampler location, which assures
the representativeness of the collected sample. The initial research should be conducted
in the multi-point mode for an investigated area and then, after verification, in the case
when statistically significant differences for a given area have not been stated, the single-
point mode may be applied in the research.

In order to meet the requirements concerning the sampler location, an area isolated
from the direct sources of pollution (unless the pollution from such sources is the subject of
the research) and a proper distance from high objects are required. Furthermore, the
collector should be situated at a proper altitude [1,2]. The samplers often situated on roofs
of buildings do not meet these requirements [14]. The influence of the collector position on
the result of physico-chemical analysis of a precipitation sample varies depending on the
determined parameter [15,16]. Experiments conducted in Belgium have shown that
samples collected from two sites at different heights and separated by a 1km distance
differ in ion deposition by up to 5% [15]. An extensive description of samplers used in the
research on atmospheric precipitation has been presented by Krupa [5] and Skarzynska [9].

Regardless of whether a self-made collector or one commercially available is used,
the material it is made of and its construction are equally important. Collecting the
precipitation samples into the plastic vessels, e.g. polyethylene, is recommended in
determination of anions and cations [1-3]. For the determination of metals and mercury,
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other materials — glass or Teflon, are required [2,17,18]. The collectors should be
chemically inert and maintainable [1-3]. They should also have a sufficiently large
collecting surface, which enables collecting small amounts of precipitation [2]. The sampler
construction should also minimise the influence of external factors (e.g. wind), as well as
reduce sample vaporisation [19,20]. For collecting rain samples, open vessels are often
used; however, as the research shows [21], such collectors must be equipped with a side
rim, which prevents raindrops from spattering. The authors’ own research has shown the
differences of up to 30% in the amount of precipitation collected to the funnel (0.25m?
and 30cm rim) with a collecting surface of 1 m? without rim. Moreover, the collector
should be equipped with a narrow mouth collecting vessel to prevent evaporation and
concentration of the sample [2], which causes overestimation of the analytes concentration
and of the calculated deposition [22]. In order to ecliminate the error resulting from
evaporation, the special factor is sometimes used. The load differences between monthly
precipitation without evaporation correction and weighed mean with evaporation
correction amount even to 20kg ha=! for S~SO, and N-NH,, 10 kghaf1 for N-NO;,
Cl, K and Ca and almost 4kgha~' for Mg [21]. The examples of the differences of up to
20% and more in the calculation of deposited acidity, caused by the underrated
precipitation amount resulting from external factors like wind speed and height above
ground surface, are given by Rodda et al. [23].

Another important parameter for the obtained reliable and comparable results is the
frequency of collecting samples. The cases of collecting samples within certain time
and quantity sequences or on a continuous basis are known [24-26]. Standard manuals
recommend the collection of daily samples, or, alternatively, the collection of weekly
samples [1-3]. Monthly samples are not recommended [l]. In spite of this, some of
the atmospheric precipitation research is based on a system of monthly collection. They
are obtained by pouring together daily samples (proportionally to the volume) [27]. The
authors of this paper conducted the example research on the influence of the sample
collection period on the analytical result. Samples of precipitation collected on a daily
basis for the period of a whole month were analysed. At the same time, subsamples from
consecutive precipitation events were poured together (proportionally to the volume) and
analysed. The results of one experiment are shown in Table 1.

The first part of the table presents the results of the analysis of each single precipitation
event. Then weighted mean calculated from the analyses of samples collected on a daily
basis. The last line presents the measured result for the monthly sample (poured together
proportionally to the volume). The results of the analysis for the sample collected on
a monthly basis differ from the monthly mean values obtained from the daily samples.
The largest differences observed in this experiment were recorded for pH (H™), and also
for NHJ, SO?[, and Ca”*. Krupa and Nosal [24], during their research on precipitation
samples collected on a daily and weekly basis, stated the largest differences for ions NO7
and Cl, while Sisterson [28] observed various changes in average concentrations of HY,
NH] and SOi_ as well as other compounds, depending on the season of the year.

One should remember that, as the sampling periods lengthens and the time between
collection and analysis increases, the potential sample deterioration also increases [1]. Such
methodology may be the source of incorrect results because a sample which is left in field
for a period of a few weeks is subjected to various physical, chemical and biological
changes [29]. It is also noteworthy that by lengthening the collection time, detailed
information concerning, for example, the observation of extreme concentrations of
analytes, which is of particular significance for ecosystems, may be lost. The influence of
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Table 2. Concentration of ions (mgL™'), pH and y-conductivity (uScm™') for the 5 selected
samples of bulk and wet only precipitation collected in Wielkopolski National Park (western
Poland).

F~ CI° NO; SO; Na" K" Mgt Ca’t NH; pH %

1 bulk 0.07 2.16 5.05 797 087 127 0.17 0.69 570 441 58.8
wet only 0.0 0.51 1.30 1.29 029 021 0.03 0.18 1.76 545 16.5
2 bulk 0.13 3.62 920 13.68 1.18 092 022 1.16 1020 4.38 96.0
wet only 0.02 0.74 6.73 439 027 044 0.02 0.40 6.69 5.89  49.1
3 bulk 0.01 082 1.75 204 043 0.12 0.12 0.90 1.65 4.44 25.8
wet only 0.01 050 1.38 1.77  0.18 0.04 0.10 0.77 1.35  4.50 25.6
4  bulk 0.11 328 6.85 11.80 1.48 0.38 042 1.89 6.13  3.55 109.5
wet only 0.10 0.48 4.49 1.85 0.55 026 0.06 0.58 239 4.01 35.1
5 bulk 0.08 2.85 322 1230 0.84 032 021 1.72 1.82 345 149.0

wet only 0.06 0.59 2.16 146 043 020 0.06 0.53 0.66 4.10 334

the precipitation sample collection on the result of physico-chemical analysis has also been
described by Losno [6] and Walna [30].

The type of the collected sample depends on the objectives of the researcher. For
example, it is possible to collect wet only or bulk (influenced by dry deposition)
precipitation samples [15,25,31,32]. The authors’ own research on parallel study of
bulk and wet only samples showed higher conductivity values (up to 78%) and lower pH
(even up to 1.5 units) for the bulk samples. On the other hand, the differences in the
concentrations of particular ions exceeded 100%. The detailed results for bulk and wet
only samples from five selected precipitation events are shown in Table 2. Other research
[19] shows that the contribution of the wet only contribution to bulk deposition reaches
between 37 and 125.

The differences between the bulk and wet samples depend on the period between
atmospheric events as well as on the meteorological/synoptic characteristics. Moreover,
the differentiation in terms of location of measuring stations is observed.

Summing up, one should take into consideration that sampling incorrectness may
result in systematic errors which affect the final result of the experiment [33,34].

2.2 Sample preparation — transport, handling in the laboratory

The specific character of atmospheric precipitation samples of unstable composition,
low ionic strength, burdened with the presence of microorganisms, make those samples
an exceptionally difficult material to analyse [5,10]. What happens to the sample from
the moment of its collection to the time of the physico-chemical analyses particularly
contributes to the uncertainty of an analytical result. These procedures are often not
treated with due attention.

A sample from the field should be taken to the laboratory, as soon as possible in
a proper vessel (if it is possible, avoid pouring) and kept cool [1-3]. After the measurement
of the amount of precipitation (field or laboratory), a sample should be divided into
subsamples for physical and chemical analyses. The performed analyses require different
procedures of sample preparation. The pH and conductivity determination is performed



13: 43 17 January 2011

Downl oaded At:

906 1. Kurzyca et al.

on an unfiltered sample. However, in order to determine the chemical composition, the
sample requires filtration.

The filtration of the precipitation sample is usually carried out with the use of chemically
inert filters with the pore diameter of 0.2 or 0.45um. The procedure should be done
immediately after collecting the precipitation sample because storing a filtered sample
prevents chemical substances from dissolving or co-precipitation. The process of filtration
also leads to the partial removal of microorganisms from the sample [35]. The authors’ own
research [30] on four most frequently used filtrating materials (nitrocellulose — NC, cellulose
octane — OC, regenerated cellulose — RC, and polyethylosulfonate — PES) of different pore
diameters (0.2 and 0.45pm) shows that, after conditioning the filter (rejecting the first
30mL of deionised water for Scm diameter-filters), filtrating does not influence the
chemical composition of the sample. However, in the cold season of the year or in the
period of intensive vegetation, the filters were quickly clogged by inorganic and organic
matter (for the volume of above 25 mL). The research on using injection filters (minisart) of
regenerated cellulose (RC) and cellulose octane (OC) has also been conducted. The
necessity to reject the first portion of eluent was also noticed here. No differences between
filtrating materials with pore diameters of 0.2 pm and 0.45um were observed, both for
filtered water and precipitation samples (up to 25mL filtrate).

It is advisable to analyse the sample immediately after it has been transported to the
laboratory. However, the sample is often stored. The manuals do not describe precisely the
storage time — they only advise on the shortest time possible and also recommend cooling
the sample to the temperature of 4°C, or adding biocide [1-3]. The authors’ research [30]
referred to 12 samples of snow and rain. Both filtered and unfiltered samples were stored
in polyetylene vessels, in different temperatures (—4°C, 4°C, ambient temperature), with or
without light, for the period of 30 days. Changes in pH, conductivity and concentration of
particular analytes were observed.

The pH values change in different ways, even in the same sample storing conditions
(Figure 1). The highest increase of pH was observed during the first days (~5 days) from
the moment of the sample collection, while after a certain time, which is characteristic for

6.0
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56 1

5.4 1

pH

52 lef

—o— 49

5.0 1

—&— 209¢/
48] —o— 20°C
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46 - ; - : ‘ . .
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Figure 1. pH changes during the storage of the atmospheric precipitation samples (1 — with light, the
remaining samples — no light).
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each sample, the pH stabilised. Statistically significant pH changes in time (p <0.05)
indicate that none of the selected storage methods ensures stability of this parameter. The
differences ranged even over 1.6 units, which corresponds to more than a 15-fold
difference in H" concentrations. That is why the measurement of the pH of the sample
should be done immediately or a few hours after the collection of the sample. Walna ez al.
[36] and Krupa [5] observed similar changes in their studies. However, some literature
sources inform [37] that pH does not change for six days from the time of the sample
collection, and only after this time does the pH value start growing. Manuals recommend
the pH determination within 48h [I1]. The conducted research on conductivity of
atmospheric precipitation did not show any significant changes, regardless of the way the
samples were stored. For most samples the changes in conductivity did not exceed £5%.
In two cases (out of 12), the change of 7% and 9% was recorded. It may be stated that the
measurement of the samples conductivity may be taken even several days after they were
collected [30]. The same 12 samples were also subjected to the chemical analyses (repeated
every seven days). The results showed [38] that the smallest changes of concentration were
recorded for the magnesium and fluoride ions (less than 10%). Relatively small changes
(10-15%) were recorded for the calcium and sodium ions, while significant changes were
observed for the chloride, sulphate and potassium ions (20-40%). It seems interesting that
both the concentration of SOﬁ_ and CI” showed a growing tendency along with the
lengthening of the storing time, while the concentration of K% ions either decreased or
increased. Statistically significant (p <0.05) concentration changes were also observed for
the NO3, NO3, NH{ ions. The changes reached 40% for NHJ (mainly the increase of
concentration), 30% for NOj3 (mainly the decrease of concentration) and even 100% for
NO; (always the decrease of concentration), especially for those stored in the ambient
temperature, both with and without light, and in a frozen samples. A selected example of
changes of nitrogen forms in precipitation sample is presented in Figure 2. Similar
conclusions concerning the observation of changes in concentration of inorganic nitrogen
forms in time were presented by Keene et al. [39].

8
A NO3™® NH4'® NO3
7 A
A A
6
A A A
—~ 5
® .
> 4 ° . °
£ .
31 .
2
1 -
@
0 - + % ® ® >
B c D E F
Conditions

Figure 2. Changes of NO3;, NOj, NH] ions concentration in precipitation samples after a 3 week
storage time in different conditions: A — analysis immediately after the collection of the samples,
B — temperature 20°C, with light, C — temperature 20°C, without light, D — temperature 4°C, without
light, E — temperature —4°C, without light, F — temperature 4°C, with CHCl;.
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Inorganic nitrogen forms are particularly sensitive to the changes. That is why the
research on the influence of biocide was performed [38]. The samples were preserved by
adding CHClI; in the ratio of 1 mL to 1 L of precipitation. The comparison of the results of
the analyses performed one week after the experiment enabled observing the differences of
ions concentration which did not exceed 5% for all nitrogen forms. After three weeks, the
differences in results for nitrogen oxidised forms increased to 20%, while the concentration
of NO; fell below the limit of detection of the analytical technique used. The discussion
concerning the changes in NO, and NO; anions concentration in atmospheric
precipitation, also for fixed samples, was presented in the paper by Ferrari et al. [40].
Summing up, it may be stated that the slightest changes in the concentration of analyte
(excluding NO5) in time were observed in the samples stored in the temperature of 4°C,
without light, 5-7 days since the collection of a fresh atmospheric precipitation sample.
The chemical analysis aiming at determination of the NO, must be performed within
a period of several hours from the collection of the sample or the sample should be
preserved and analysed within a period of several dozen hours.

Also the type of vessels used for storing the samples should be assessed [38]. The
authors inspected the commercially available, new polyetylene sterile and unsterilised
vessels (100 mL volume) used in the study. The vessels were rinsed with deionised water
(batches of 15mL each), which then underwent a chromatographic analysis. The results
of the research showed that the method of sterilisation used by the producer leaves
some ionic chemical substances in the vessel, the presence of which was observed on the
chromatogram in the shape of small, unidentified peaks. The analysis of the second
portion of water used for rinsing the vessel did not show the presence of these substances.
It was assumed, that after rinsing, the vessels were ready for use and could be used for
sample storage. The possible influence of adsorption of analytes on the vessel surface or
desorption during storage is difficult to assess due to the low ionic strength, instable
composition and the presence of microorganisms. One should remember that if the
analytical procedure aims at determining the concentration of other chemical compounds
(for example, Hg and other heavy metals, especially organic compounds), the required
procedures should be used and verified [1-3,41].

2.3 Sample analysis

The precipitation samples are analysed with the use of different analytical methods.
However, a main obstacle is often the volume of the collected sample being too small, or
the concentration of analytes in the precipitation samples being too low.

The most recommended methods used in the analysis of the basic chemical com-
position are ion chromatography and atomic absorption spectrometry [1-3]. However, it is
possible to use titration, potentiometric, spectrophotometric or other methods. The
research on the pH and conductivity should involve studies on solutions of low ion stre-
ngth (appropriate electrodes, special buffer solutions of low ion strength for calibration)
[2,11]. The determination of other analytes (for example, Hg and heavy metals or organic
compounds) requires using a proper procedure for each analytical method [42,43].

Depending on the determined parameter, and regardless of the used methodology,
obtaining good quality and reliable analytical results is the most important aim. That is
why the standard methods are worth using in the research, provided they have been
previously validated in laboratory conditions. On the other hand, the non-standard
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Figure 3. Determination of linearity: calibration curve method (a), and constant response method
(b) — determination of NOJ by ion chromatography with conductometric detection.

methods must undergo full validation [44]. The evaluation of analytical parameters of
measuring procedure (working range, linearity, sensitivity, detection and quantification
limits) as well as defining the characteristic features of the obtained result (traceability,
uncertainty: recovery, robustness, repeatability, reproducibility) may be included in the
most important elements of the validation procedure [45].

In order to determine the working range, linearity and sensitivity, the calibration curve
(e.g. three repetitions for six concentration levels) of measuring device is used in the range
that involves the expected value. The regression parameters are then evaluated (Figure 3a).
However, determining the constant response range of the detector is more reliable
(Figure 3b).

The points (corresponding with the concentrations of standard solutions) lying outside
the probable error margin (e.g. £5%) correspond with the analyte concentrations outside
the linearity range of the measuring device.
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Table 3. Results of analysis of the certificate reference material
(CRM) — RAIN 97, with the use of ion chromatography method.

Analytes [mg L™'] CRM Measurements
Cl- 0.53 £0.09 0.54£0.01
NO; 9.2140.16 9.6040.38
so;; 5.2840.73 5.7940.33
Na 0.28 +0.04 0.30+0.02
NH; 0.23+£0.03 0.25+0.01
K+ 0.1540.04 0.16+0.01
Mg*+ 0.93 4+0.09 0.98 +0.01
Ca>”" 2.6440.25 2.9140.05

In the evaluation of the working range, the precision and accuracy of measure-
ments should also be considered. The precision is defined based on the RSD calculation
or by the comparison with the reference method (the comparison of two values of
standard deviation — Snedecor’s Test). The accuracy may be defined according to
various procedures. However, the best method involves conducting the certificate
reference material analysis (e.g. RAIN 97) and evaluating it using the Student’s ¢ Test
(Table 3).

The overlapping ranges for certificated and measured value indicate that the suggested
methodology complies with the accuracy condition. The statistical procedure in accor-
dance with Student’s ¢ Test was also used. For example, the critical value (z.) of 2.57
(x=0.95,f=5) was determined, and then the Student’s ¢ Test parameter value was
calculated for the measurements results. For CI™ ions t was 2.45, and therefore it may be
stated that the determined concentration value does not significantly differ in terms of
statistics from the certificated value (¢ < .,) [40].

In the case of the research on atmospheric precipitation, the determination of limit of
detection (LOD) and limit of quantification (LOQ) is also crucial due to frequent
determinations of low analyte concentrations. The way of determining the limits depends
on the nature of analytical method, the characteristics of applied instrumental technique
and on the possibility of obtaining so-called ‘blank samples’. The determination is also
conducted differently for different methods [47]. One should remember to check the
correctness of the determined values. For example, for chromatographic methods, the
limits of detection and determination may be stated using the interrelation of the analytical
signal ratio (S) with the average level of background noise (N) for a given pattern — S/N.
The three-fold value of noise is assumed as the detection limit, while the three-fold value of
LOD is the limit of quantification. The noise level is determined for a ‘blank sample’, for
the retention time corresponding with the retention time of the ion for which the limit is
determined [38].

As was already mentioned, the traceability is necessary for obtaining reliable results.
The traceability is ensured by the correct results of the analysis of certificated reference
material (Table 3). On the other hand, calculation of uncertainty budget, although
sophisticated, is recommended because it encompasses all factors which may affect
the uncertainty of the result [44,47-50]. The factors differ depending on the analytical
methods applied. However, according to the Guide to the Expression of Uncertainty in



13: 43 17 January 2011

Downl oaded At:

International Journal of Environmental Analytical Chemistry 911

Measurements [S1], in order to determine the uncertainty of the analysis result, the
following conditions must be fulfilled:

— the measurements procedure for the measurand must be defined;

— modelling (usually mathematical) must be applied to calculate the analysis result
based on the measured parameters;

— the values must be assigned to all the possible parameters that could affect the
final result of the analysis, and the standard uncertainty for each of them must be
determined;

— the applied principles of uncertainty propagation in calculating the standard
uncertainty of analytical result;

— presentation of the final result of the analysis as: result +expanded uncertainty
(after using an appropriate factor).

Bear in mind that obtaining the reliable results of analytical measurements requires
not only the use of the control system and ensuring the quality of the obtained results
(QC/QA), but also their evaluation — testing.

It is worth conducting periodically the analysis of control samples, the certificate
reference materials (e.g. Table 3), the blank and spiked samples [52], as well as comparison
of the results achieved with reference method [52] or participate in inter-laboratory
comparison [49].

2.4 Data checking and reporting

A great number of collected results and their complexity forces the researchers to use
graphical and statistical techniques to verify the data.

The first part of the data checking procedure is to monitor errors. Random errors — the
outlier values — may be determined with the help of statistical tests (e.g. Dixon’s Q Test).
However, it should be noticed that the presence of a high concentration of analytes may
indicate unique natural conditions, and not necessarily an analytical error (e.g. gross) [45].
For example, the result of chemical analyses of precipitation samples collected on 28 and
29 June 2003 in a city agglomeration shows a high concentration of NO; and SO%{ ions
up to 12 and 14mgL~" and 13 and 13mgL~", respectively. Three-fold higher value of the
annual mean resulted from local pollution [53].

The systematic errors verification may be conducted based on the comparison of
accuracy of two procedures (mean values). Initially, the procedures are compared with
respect to precision (Snedecor’s F Test). If the compared methods do not differ in terms
of statistics, their accuracy is compared using the Student’s ¢ Test. If the compared
procedures differ statistically and significantly with respect to precision, their accuracy is
compared using approximate Ochran-Cox C Test (for poor/small result series) or Aspin
Welch Test [47].

It is also noteworthy that a detailed laboratory log is very helpful for data checking and
verification as in many cases the results that are far from expected are caused by external
conditions (e.g. bird droppings or sampler damage). A detailed description of conditions
and observations during a precipitation event is also valuable.

The ways of assessing the correctness of the performed chemical analyses involve
comparing the measured value of conductivity with the calculated one [2,3] or bal-
ancing the determined cations and anions (which is possible once we perform a full
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chemical analysis). The description of different expressions of ion and conductivity
balances was presented by Plaisance er al. [54]. It should also be stressed that in the
solutions of such a low content of mineral substances balancing of cations and anions may
differ up to 60% (sum of ions <50 ue L™") [1].

Presenting the results might be also complicated due to their aforementioned
accumulation and complexity. In the atmospheric precipitation study basic statistical
parameters describing the distribution of particular variables are used. These include:
mean, minimum and maximum values, median, standard deviation and skewness. Studies
often lack information on the method of determining the mean value. Sometimes, the
arithmetic mean is used, while this value may only be used for a normal distribution of
data (in such cases the set skewness value should also be presented). In the atmospheric
precipitation studies the weighted mean is especially recommended since it not only
conveys the information concerning the average analyte concentration in a sample, but
also includes the amount of precipitation.

Moreover, data reporting can be done with the use of chemometric techniques [55,56].
Application of various multivariate approaches for interpretation of these complex data
matrices offers a better understanding of environmental quality and ecological status of
the studied system. The most frequently used techniques include: the Principal Component
Analysis (transforms a number of possibly correlated variables into a smaller number
of uncorrelated variables — principal components), the Time Series Analysis (accounts
for the fact that data points taken over time may have an internal structure such as
autocorrelation, trend or seasonal variation), the Correlation Analysis (indicates indirect
relationships in survey data), the Discriminant Analysis (used to determine which variables
discriminate between two or more naturally occurring groups), and the Analysis of
Variance (observed variance is partitioned into components due to different explanatory
variables) — ANOVA. The use of chemometric techniques in the interpretation of the
results of the atmospheric precipitation research was presented in the authors’ own papers
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Figure 4. Time sequence of per event sulphate concentrations in atmospheric precipitation samples
from March 2003 to November 2004 recorded in Wielkopolski National Park (WNP) and Poznan
metropolitan area (western Poland).
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[55,57,58] and others’ work [56,59]. The examples of time sequence of per event sulphate
concentrations (Figure 4), results of PCA analysis (loading plots) (Figure 5) and the
ANOVA results with accordance to the category obtained by wind characteristics
(Figure 6) for results of precipitation samples collected in metropolitan area and protected
woodland in the vicinity has been presented [55,57,58].
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Figure 5. Results of PCA analysis (loading plots) for precipitation samples collected in Poznan
metropolitan area (varimax normalised rotation).
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Figure 6. The ANOVA results with accordance to the category obtained by wind characteristics
analysis (Z — changeable, W — west, N — north, S — south, E — east), horizontal lines represent
dispersion value. Precipitation samples collected in western Poland (Wielkopolski National Park and
Poznan metropolitan area).
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It is also noteworthy that in the assessment of the level of atmospheric pollution one
should consider its background, i.e. the level of the concentration of analytes present in the
precipitation on the level characteristic for the environment without pressure. In order to
do so, the use of the results of the research conducted by international network, e.g. the
European Background Monitoring Network (EMEP), is recommended [60,61].

For the same reason, when analysing the research results of atmospheric precipitation
located near the sea, the naturally increased content of sea aerosol ions should be taken
into consideration [2,62].

It should be also highlighted that comparing the results obtained by different research
procedures may cause some mistakes in the interpretation of the results and in drawing
conclusions.

3. Conclusion

As has been demonstrated, a reliable result of atmospheric precipitation studies is affected
by all the stages of applied procedure. Each stage is equally important and requires special
attention. Quality assurance, control (QA/QC) and testing during all experiments are
essential for obtaining a reliable data.

Moreover, a result of a chemical analysis of precipitation may be compared with other
results only when an adequate procedure is used. Therefore, standardised methods are
recommended and a detailed description of the used research procedures should be
described in every paper.

References

[1] M.A. Allan, Manual for the Global Atmosphere Watch Precipitation Chemistry Programme, No.
160, World Metrological Organization, November 2004.

[2] European Monitoring and Evaluation Programme Manual for Sampling and Chemical Analysis,
European Monitoring and Evaluation Programme Co-operative Programme for Monitoring
and Evaluation of the Long-range Transmission of Air Pollutants in Europe, Norwegian
Institute for Air Research, Kjeller, Norway, Report 1/95, revised edition 2001.

[3] Manual on Methods and Criteria for Harmonized Sampling, Assessment, Monitoring and Analysis
of the Effects of Air Pollution on Forests, Part VI: Sampling and Analysis of Deposition,
International Co-operative Programme on Assessment and Monitoring of Air Pollution Effects
on Forests, United Nations Economic Commission for Europe, Convention on Long-range
Transboundary Air Pollution, update June 2006.

[4] ISO 5667-8:2003(1993), Water Quality — Sampling — Part 8: Guidance on the Sampling of Wet
Deposition.

[5] S.V. Krupa, Environ. Pollut. 120, 565 (2002).

[6] R. Losno, J.L. Colin, L. Spokes, T. Jickells, M. Schulz, A. Rebers, M. Leermakers,
C. Meuleman, and W. Baeyens, Atmos. Environ. 32, 3445 (1998).

[7] N.E. Peters and R.S. Reese, Atmos. Environ. 29, 179 (1995).

[8] A. Thimonier, Environ. Monit. Asses. 52, 353 (1998).

[9] K. Skarzynska, Z. Polkowska, and J. Namiesnik, J. Autom. Methods Manage. Chem. 2006,
1 (20006).

[10] A. Paschke, Trends Anal. Chem. 22, 78 (2003).
[11] D.L. Sisterson and B.E. Wurfel, Int. J. Environ. Anal. Chem. 18, 143 (1984).



13: 43 17 January 2011

Downl oaded At:

International Journal of Environmental Analytical Chemistry 915

[12] N. Latysh and J. Gordon, Water Air Soil Pollut. 154, 249 (2004).

[13] A. Masahide, H. Takatoshi, and T. Motonori, Sci. Total Environ. 366, 275 (2006).

[14] A. Masahide, H. Takatoshi, and E. Jiro, Atmos. Environ. 42, 7043 (2008).

[15] J. Staelens, A. De Schrijver, P. van Avermaet, G. Genouw, and N. Verhoest, Atmos. Environ.
39, 7 (2005).

[16] B. Sevruk and J. Michaeli, WMO questionnaire on recording precipitation gauges, WwWw.
wmo.int/pages/prog/www/IMOP/publications/IOM-75-TEC02002/Papers/1.1(04)Sevruk.doc

[17] S.J. Vermette, M.E. Peden, T.C. Willoughby, S.E. Lindberg, and A.D. Weiss, Atmos. Environ.
29, 1221 (1995).

[18] S. Lindberg and S. Vermette, Atmos. Environ. 29, 1219 (1995).

[19] U. Ddmmgen, J.W. Erisman, J.N. Cape, L. Griinhage, and D. Fowler, Environ. Pollut. 134, 535
(2005).

[20] B. Sevruk, M. Ondras, and B. Chvila, Atmos. Res. doi: 10.1016/j.atmosres.2009.01.016 (2009).

[21] T. Sniezek and A. Degorska, in Funkcjonowanie i monitoring geoekosystemow z uwzglednieniem
lokalnych problemow ekologicznych, edited by G. Wojcik and K. Marciniak (Komitet przy
Prezydium PAN Czlowiek i Srodowisko, Warszawa, Poland, 2000), (in Polish).

[22] H.C. Claassen and D.R. Halm, Atmos. Environ. 29, 437 (1995).

[23] J.C. Rodda and S.W. Smith, Atmos. Environ. 20, 1059 (1986).

[24] S. Krupa and M. Nosal, Environ. Pollut. 104, 477 (1999).

[25] A.F. Pelicho, L.D. Martins, S.N. Nomi, and S.M. Cristina, Atmos. Environ. 40, 6827 (2006).

[26] M. Aikawa, T. Hiraki, M. Tamakia, and J. Eihoa, Atmos. Environ. In press (2008).

[27] D. Krysiak, Air pollution. in Report on the Condition of the Environment in the Wielkopolska
REgion in 2004, edited by M. Pulyk and E. Tybiszewska (Wojewddzki Inspektorat Ochrony
Srodowiska w Poznaniu, Poznan, 2005), pp. 131-136, (in Polish).

[28] D.L. Sisterson, B.E. Wurfel, and B.M. Lesht, Atmos. Environ. 19, 1453 (1985).

[29] A.R. Kotlash and B.C. Chessman, Water Res. 32, 3731 (1998).

[30] B. Walna, A. Ziota, and 1. Kurzyca, in Modern Methods of Sample Preparation and
Determination of Trace Elements, edited by M. Raciborski (PROMOCJA 21, Poznan,
Poland, 2004), (in Polish).

[31] M. Aikawa, T. Hiraki, M. Tamaki, and M. Sroga, Atmos. Environ. 37, 2597 (2003).

[32] J.C. Knulst, Atmos. Environ. 38, 4869 (2004).

[33] Z. Ren and M. Li, Adv. Atmos. Sci. 24, 449 (2007).

[34] A.N. Smagunova, O.M. Karpukova, L.I. Belykh, Y.M. Malykh, N.F. Aprelkova, and
V.A. Kozlov, J. Anal. Chem. 59, 1146 (2004).

[35] P.C.F.C. Gardolinski, G. Hanrahan, E.P. Achterberg, M. Gledhill, A.D. Tappin, W.A. House,
and P.J. Worsfold, Water Res. 35, 3670 (2001).

[36] B. Walna and J. Siepak, Zeszyty Naukowe Wydzialu Budownictwa i Inzynierii Srodowiska 22,
903, (2005), (in Polish).

[37] V. Karlsson, M. Lauren, and S. Peltoniemi, Atmos. Environ. 34, 4859 (2000).

[38] I. Kurzyca, Ph.D. thesis, Adam Mickiewicz University Poznan, 2006 (in Polish).

[39] W.C. Keene, J.A. Montag, J.R. Maben, M. Southwell, J. Leonard, T.M. Church, J.L. Moody,
and J.N. Galloway, Atmos. Environ. 36, 4529 (2002).

[40] C. Ferrari, P. Baussand, C. Ferronato, V. Jacob, P. Foster, R. Mauger, and P. Thomann,
Analusis 24, 324 (1996).

[41] M.L.A.M. Campos, R.F.P. Nogueira, P.R. Damettyo, J.G. Francisco, and C.H. Coelho,
Atmos. Environ. 41, 8924 (2007).

[42] S. Masahiro and A. Kazuo, Atmos. Environ. 41, 1669 (2007).

[43] Z. Polkowska, Chemosphere 57, 1265 (2004).

[44] ISO/IEC 17025:2005, General Requirements for the Competence of Testing and Calibration
Laboratories.

[45] E. Bulska, Metrologia chemiczna (Wydawnictwo Malmut, Warszawa, 2008), p. 227, (in Polish).



13: 43 17 January 2011

Downl oaded At:

916 1. Kurzyca et al.

[46] P. Konieczka and J. Namiesnik, Quality Assurance and Quality Control in the Analytical
Chemical Laboratory (Taylor & Francis Group, Abingdon, UK, 2009), p. 233.

[47] P. Konieczka, J. Namiesnik, B. Zygmunt, E. Bulska, A. SWitaj-Zawada, A. Naganowska,
E. Kremer, and M. Rompa, Ocena i kontrola jakosci wynikow analitycznych (Wydawnictwo
CEEAM, Gdansk, 2004), p. 170 (in Polish).

[48] P. Konieczka, Ecol. Chem. Eng. 10, 627, (in Polish) (2003).

[49] P. Konieczka, Jakos¢ wynikow pomiarow analitycznych (Zeszyty Naukowe Politechniki
Gdanskiej, Gdansk, 2007), p. 65 (in Polish).

[50] U. Dammgen, J.W. Erisman, J.N. Cape, L. Grunhage, and D. Fowler, Environ. Pollut. 134, 535
(2005).

[51] Guide to the Expression of Uncertainty in Measurements (GUM) (ISO, Geneva, 1993).

[52] P. Niedzielski, I. Kurzyca, and J. Siepak, Anal. Chim. Acta 577, 220 (2006).

[53] B. Walna, 1. Kurzyca, and J. Siepak, Pol. J. Environ. Stud. 13, 36 (2004).

[54] H. Plaisance, P. Coddeville, R. Guillermo, and I. Roussel, Water Air Soil Pollut. 93, 267 (1997).

[55] A. Astel, B. Walna, 1. Kurzyca, K. Szczepaniak, and J. Siepak, Chem. Anal. 51, 377 (2006).

[56] K.J. Hsul and Ch.Ch. Wul, J. Atmos. Chem. 57, 19 (2007).

[57] A. Astel, B. Walna, and 1. Kurzyca, Int. J. Environ.Health 1, 1 (2007).

[58] A. Astel, B. Walna, V. Simeonov, and 1. Kurzyca, J. Environ. Sci. Health, Part A 43, 313 (2008).

[59] Z. Polkowska, A. Astel, B. Walna, S. Malek, K. Medrzycka, T. Gorecki, J. Siepak, and
J. Namiesnik, Atmos. Environ. 39, 837 (2005).

[60] A.G. Hjellbrekke, Data Report 2003. Acidifying and Eutrophying Compounds (Norwegian
Institute for Air Research, Kjeller, 2006).

[61] B. Walna and I. Kurzyca, Environ. Monit. Asses. 131, 13 (2007).

[62] H. Yilong, W. Yanglin, and Z. Liping, Atmos. Environ. 42, 3740 (2008).



