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0. Introduction

Prof. Stefano Carnicelli welcomed the members of the WG in Florence, Italy, and made some technical announcements. 

Nils König as the chairperson thanked him and his team very much for the excellent preparation of the meeting and the wonderful hospitality.

1. Plausible range checks for plant and soil analyses

Alfred Fürst presented new plausible range checks for foliage for different tree species based on level II results from JRC and for litterfall based on experience from the litterfall group.

.

Bruno de Vos presented new plausible range checks for soil and humus samples for the different properties. 
It was decided to use these ranges in the quality check paper and complete the plausible range check table later on with data from the BioSoil project (especially for exchangeable cations in humus). 

2. Tolerable limits for ringtests (soil, water, foliar)

Alfred Fürst, Bruno de Vos and Rosario Mosello presented tolerable limits for the different ringtests (foliar, soil, water). The tolerable limits are expressed as deviations in % from the mean. Two different tolerable limits were given for the different concentration ranges: one for the low concentration range and one for the normal concentration range.

It was decided to integrate these limits in the quality check paper and to discuss the limits on the 1st meeting of the heads of the labs in Hamburg.
3. Data handling by JRC 

Nils König welcomed Tracy Houston-Durrant from JRC and gave a short overview of the discussed problems at the last WG meeting. Tracy Houston-Durrant announced that from a technical point of view it will be no problem to integrate the following information into the data files for deposition, soil solution, soil and foliar analyses and the database:

- quantification limit (QL) (for each parameter)

- detection method (coded) (for each parameter)

- coefficient of variation (%) (for each parameter, for two concentration ranges)

- coefficient of variation (%) from the yearly control chart (for each parameter, for each year)

- participation in the yearly ring tests (yes/no), ring test number, number of the lab, ranking information 

The problem is that there is no decision until now about the continuance of the JRC database from Forest Focus to FutMon; only for the BioSoil data the database is adapted.
It was decided to beg the database managers of FutMon (JRC or vTI (former BFH) or both) to integrate the above information in a FutMon database.

To the question on plausible range checks in the JRC database Tracy Houston-Durrant declared that they are based on data from all European countries and not from each single country or single plots.

The description of the configuration of the JRC database and the data checking system can be downloaded from the JRC website. 
(http://forestfocus.nsi-sa.be/docs/Validation_Methodology_2007.pdf)
4. 10th foliar ring test 

Alfred Fürst presented an overview of the results of the 10th foliar ring test. The results show generally a good analytical quality in foliar analysis. Especially the results for N and C are really good and are better than those in the previous tests. The results of the mandatory parameters S, P, Ca, Mg and K are not as good as in former tests, depending partly on of the new smaller tolerable limits. But for S, Ca and K there are probability other methodical sources for the increase of non-tolerable results. The results for the optional parameters Fe, Cu, Pb are better than those of the 9th Interlaboratory Test. 

It was decided to give this presentation also on the meeting of the heads of the labs in Hamburg as a basis for discussion of analytical problems in plant analyses.
5. 5th soil ring test
Nathalie Cools presented an overview of the results of the 5th soil ring test. A total of 48 laboratories reported their results in the 5th FSCC Interlaboratory Comparison 2007. Nine laboratories reported outliers and stragglers for more than 20 % of the total: five based on the between-laboratory variability, and eight laboratories based on the within-laboratory variability. High numbers of outliers were seen for (1) exchangeable elements, especially Na, Ca, free H+, Mg, Acidity and Fe, (2) the heavy metals Hg and Cd extracted by Aqua Regia, Extractable Al and Mg, (3) carbon content in sample D with low organic carbon content and (4) the pH(CaCl2) determination in a peat sample. In general there are more problems when the concentration of the concerning element is relatively low. Compared to the 4th FSCC interlaboratory comparison in 2005, the coefficients of variation of all groups of analysis have improved or remained at a similar level. The CV of the blind sample B improved by 20% mainly because of a large improvement of the Aqua Regia extractable elements.

It was decided to give a more detailed presentation on the meeting of the heads of the labs in Hamburg as a basis for discussion of analytical problems in soil analyses. 
6. Final discussion of the paper for labs/NFC`s with all necessary quality checks
Nils König presented the 1st version of the paper “Quality assurance and control in laboratories – a review of possible quality checks and other helps” written by different authors of the WG. He gave a short overview about the points to be discussed on the meeting. All these points were finally discussed and the following participants offered to correct or complete the text of the different chapters (see annex 1):

	Name
	page
	problem/text

	All participants
	39
	Complement of the reference list (Chapter 5)

	Kirsti Derome
	7
	New text: s-charts

	Rosario Mosello
	8
	Comment to the figure 2.2a

	Bruno De Vos
	8
	New text: chapter 2.3: LOD/LOQ

	Rosario Mosello
	14
	table 3.1.1.2a: check of the red numbers

	Rosario Mosello
	31
	New text for chapter 4.1.2.1

	John Derome
	35
	New text for chapter 3.5

	Nicholas Clarke
	39
	Complete reference: Clarke, N.,Danielsson, Analytica Chimica Acta, 1995

	Kirsti Derome
	41
	Complete reference: Nordtest report TR 569

	Erwin Ulrich
	43
	Text for Chapter 6.1: Definitions and terminology

	Rosario Mosello
	43
	Text for chapter 6.2.1

	Rosario Mosello
	43
	Text for chapter 6.2.2

	Kirsti Derome
	43
	Text for chapter 6.2.3

	Bruno De Vos
	43
	Chapter 6.4: List of buyable reference materials; to be completed

	John Derome
	
	English correction and “homogenization” of the total text


It was decided to finish the work before the Task Force Meeting in Larnaca, May 2008 and to present the paper on this meeting.

7. Preparation of a meeting of the heads of the labs in Hamburg
Nils König presented a list of possible topics for the first meeting of the heads of the labs in Hamburg, June 9th and 10th 2008. It was decided to present and to discuss the following topics:
	Topic
	Presentation(s)
	Time needed

	reports of the ring test results (soil)
	Nathalie Cools
	1 h

	reports of the ring test results (foliar)
	Alfred Fürst
	45 min

	discussion of the results
	 
	 

	discussion of specific analytical problems in the ring tests (prepared by the WG QA/QC)
	 
	1,5 h

	presentation of the quality paper
	Nils König
	1 h

	presentation of the Excel sheets for control charts and ion balances
	Kirsti Derome, Rosario Mosello
	30 min

	presentation of the assistance program for labs
	Nils König
	30 min

	presentation of the results of the evaluations about DOC in ion balances
	Rosario Mosello
	30 min

	presentation and discussion of analytical problems proposed by the participants
	 
	1 h

	discussion of consequences after bad ring test results of a lab
	 
	45 min

	Futmon Quality program
	Nils König
	15 min

	Discussion about future work
	 
	1 h


It was decided to invite all leaders and/or quality managers of all labs within ICP Forests. Kirsti Derome has prepared a list of all labs (about 95) and will try to complete the list during the Soil Expert Panel Meeting in Florence.
8. helping program for labs with unacceptable results in ring tests
 Alfred Fürst, Rosario Mosello and Nathalie Cools will send lists of laboratories with satisfactory results to Nils König. The leaders of these labs should be asked if they are able to offer assistance to labs, which need helping activities. This helping system will be discussed at the 1st meeting of the heads of the labs in Hamburg.
9. Miscellaneous:

a. FutMon project:

Nils König gave a short overview on the quality assurance and control program in the intended FutMon project. About 13 % of the total budget will be used for this program.
b. new excel sheet for ion balances:

Rosario Mosello presented a new excel sheet for the calculation of ion balances with integration of DOC for deposition samples. This excel sheet can be downloaded from the ICP Forests website in the near future. 

c. next meeting:
It was decided to have the next meeting of the WG back to back with kick off meeting for the FutMon project in Hamburg in the beginning of 2009, if the project will be approved. Otherwise the WG will meet back to back with a meeting of the Quality Assurance Committee at the end of 2008 or in the beginning of 2009.
Göttingen, 9.5.08
Nils König

Annex 1: 
Quality assurance and control in laboratories – a review of possible quality checks and other helps
ICP Forests Working Group QA/QC in Laboratories 

Authors: N. Clarke, N. Cools, J. Derome, K. Derome, B. De Vos, A. Fuerst, N. Koenig, A. Kowalska, R. Mosello, G. Tartari, E. Ulrich

(pre-Version 4, May 2008; text after the discussion at the WG meeting)
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0. Introduction

During the past years great efforts were made to improve the quality of laboratory analyses in the various monitoring programs within the framework of the ICP Forests program. The expert panels Soil and Soil Solution, Deposition and Foliage and Litterfall carried out a number of ring tests and held discussions on quality control. The expert panel's sub-group 'Working Group QA/QC in Laboratories' has extended its activities from the quality control of water analyses to encompass all laboratory analyses and now also includes the experts from the fields of soil, foliage and litterfall.

This paper shows all quality control methods that have been devised for the various fields in order that those laboratories carrying out analyses connected to ICP Forests be provided with a complete overview of the possibilities of quality control in laboratories.

1. Use of reference material
Two types of reference material can be distinguished:

1. Reference Materials (RM): a material or substance, one or more of whose property values are sufficiently homogeneous and well established to be used for the calibration of an apparatus, the assessment of a measurement method, or for assigning values to materials (ISO Guide 30, 1992)

2. Certified Reference Materials (CRM): Reference material, accompanied by a certificate, one or more of whose property values are certified by a procedure, which establishes its traceability to an accurate realisation of the units in which the property values are expressed, and for which each certified value is accompanied by an uncertainty at a stated level of confidence (ISO Guide 30, 1992). The CRM can be of national or international origin. (A list of buyable CRM`s is can be find in annex 6.4)
Reference materials come in a range of types and prices. Certified Reference Materials are expensive and should be used only when really needed: calibration, method validation, measurement verification, evaluating measurement uncertainty and for training purposes. In many cases the concentrations are not in the ranges encountered in daily practice. National Reference Materials are, in many cases, easier to acquire and are often not as expensive as CRMs. They are usually issued by national laboratories and are very useful for ensuring quality over the laboratories within a country.

In addition, laboratories must use matrix-matched control samples of demonstrated stability to demonstrate internal consistency over time, e.g., through control charts. The analyte concentrations of these samples need not be accurately known or traceable. However, traceability would be a bonus. Here, again, CRMs or ringtest samples can be used.
The Local Reference Materials (LRMs) are prepared by the laboratory itself for routine use and can be easily and cheaply prepared in large quantities. They can often also be prepared within the correct concentration ranges for the more important parameters. These LRMs are extremely important for QA/QC activities, mainly for their use in control charts (see next chapter), if there is a need to have a constant (stable) quality over a longer time scale.

The following reference material can be used in each field of interest:

In all cases use the benefit of inter-comparison test and the rest of eventual samples for further use as RM or CRM until the sample is used entirely.
1.1 Reference material for water analysis (deposition and soil solution) 

An alternative method is to use natural samples that are preserved with stabilising compounds (e.g. low amounts of chloroform), after first evaluating whether their use causes interferences in the analytical methods used or has an effect on other activities performed in the laboratory. This makes it possible to obtain concentrations close to those normally measured. It is advisable to use two standards for each type of analysis, one of medium-low and one of medium-high concentrations, in relation to the range normally analysed. The stability of LRMs should be tested, and their stability may vary for individual ion species. 
A very cheap method to obtain an LRM is to buy mineral water that has chemical characteristics close to the range normally measured. Before you can use LRM you had to validate your method (CRM). You should run your LRM together with CRM or a ring test sample to be sure to determine the conventional true value.

For deposition samples, mineral water from volcanic bedrock has very similar concentrations. For soil solution, according to the prevailing soil types within the network a specific type of mineral water (charged more or less with ions) has to be selected.  The advantage of using mineral water is their relative stability over time if the bottles of the same batch are stored in a dark place. 

1.2 Reference material for foliar analysis

The reference material should be similar in matrix properties and in the analyt concentration as in the samples of the regional/national network. There is little foliage reference material from forest trees available worldwide, so sometimes agriculture plant material with similar matrix and analyt concentrations, eg. flour, hay, cabbage, olive leaves, apple leaves, has to be used. See sales conditions before ordering –they are given on the webpage.

Also old ring test samples are stable enough and well analysed in order to be used as reference material for the method validation. 
(A list of buyable CRM`s is can be find in annex 6.4)
A good and cheap way for producing a high quality LRM is to prepare foliage material as a ringtest sample. For ringtests FFCC needs always dried and powdered foliage samples from one tree and one leaves type or a homogenized litterfall sample. Sampling, drying, grinding and first homogenizing should be done from the laboratory. A part (dry weight min. 4-5kg) should be send to FFCC. FFCC will homogenize this sample once more divided it and will use it in one of the next ringtest.  The advantage for the laboratory is to have a lot of reference material with a similar element concentration to their common samples and with known accuracy of the mean. This material should use in control charts (see next chapter), if there is a need to have a constant (stable) quality over a longer time scale.

1.3 Reference material for soil analysis
International certified reference material is expensive and should be used only when really needed. In many cases the concentrations are not in the ranges encountered in a specific country/region. (A list of buyable CRM`s is can be find in annex 6.4)
National reference material is easier to get, often not as expensive as international ones and provided by national laboratories in order to assure the quality over the laboratories within a country. The advantage of local reference material is that it can be relatively cheaply prepared by the concerned laboratory itself with a sufficient quantity for those concentration ranges needed every day.

Preparation of local reference material for soils

Due to the nature of the soil samples and its two-step analysis LRM samples of both the solid phase (to control the quality of digestion) and the liquid phase (to control the quality of the chemical analysis) is needed.

Solid phase:

Take several larger samples from a site (e.g. OL/OH horizons, mineral soil: by preference by horizon). Dry all sampled material and homogenise several times the samples to ensure a uniform mixed sample. Split or riffle the sample in several parts and store in a cool and dry place. It may be useful to prepare several sets for the different soil types and concentration regimes in the country (e.g. one for clay soils in the coastal area with high sea salt concentration and one for sandy soil in an inland situation

Liquid phase: 

After digestion of larger parts of the solid phase LRM, store the liquid phase in a cool and dark place.

In general, no control of high concentrations is done, because the errors are higher the lower the concentration is. Often, higher concentrated solutions are diluted in order to fit the concentration into the ranges for which the analysers were calibrated.

The quantity of the LRM has to be large enough to be used for a longer period of time (preferably up to one year). The needed annual quantity will depend on the type of analytical equipment and method used by the laboratory. The sample should be stored in a way that no or minimal changes take place over time.

Note: a small standard deviation is nice and an indicator of very accurate and precise work, but not the first objective of this QA/QC.

Initiation of local reference material for soils

After the preparation of the LRM, a test run has to be made with perfectly calibrated equipment. A number of replicates (e.g. 5 for the solid and 30 for the liquid phase) has to be analysed for all relevant parameters and at least one (but preferably more) national or international reference samples. From the latter the accuracy in an absolute sense is determined for each parameter. The standard deviation (SD) calculated with the results of the LRM analysis should be as small as possible. The results of the first test-run should be treated according to the ISO standard 8258 (1991, Shewhart control charts). The mean value of the parameters for the LRM is of less importance, but should be in the same range as the values of the real samples which will be analysed afterwards.

From this moment on each parameter has a SD, which allows evaluating the included parameters and the relevance of the analysis by the applied method. When the SD is significantly larger then the expected values, the relevance to analyse the parameter is small. Other methods/equipment may have to be used to analyse the parameter within an acceptable range.

This procedure is to be repeated whenever equipment is changed, important parts are replaced or when trends seem to have taken place over time. In the latter case the absolute values obtained from the national and international reference material are of high importance.

Implementation of local reference material for soils

After the successful initiation, a systematic re-sampling of the LRM (liquid phase) takes place in every batch or series. Depending on the number of samples to be analysed and the methods and equipment used, this could be in the range of one LRM per 10 analysed real samples to 1:20. For the solid phase (digestion and analysis) this could be reduced to 1:50.

The results of the repeated analysis of the LRM allow the evaluation of the stability of the method/equipment over time. It is therefore important that no changes take place in the LRM over time. It is thus strongly recommended that every analysis of the LRM is mapped in graph over time (see ISO 8258, see next chapter on Shewhart control charts).

2. Use of control charts
Control charts form an important practical aspect of internal QC in the laboratory. With reference materials (see chapter 1) the quality of the method can be checked now - control charts are a useful tool to check the quality and the variation of the quality over a longer time scale. The basis is that the laboratory runs control samples together with the routine samples in an analytical batch and immediately after the run is completed, the control values are plotted on a control chart. There are various types of control chart (for details see the ISO 8258 Shewhart control chart). The most commonly used control charts are the mean chart and range chart for laboratory control standards, and the blank chart for background or reagent blank results.

In addition the control charts can be used for the calibration, method validation and comparison, estimation of measurement uncertainty and limit of detection, checking the drift of an equipment, comparison or qualification of laboratory personnel, and evaluation of proficiency tests. 

For more information about the use of control charts see ref. Nordtest report TR 569.
2.1 Use of control charts for local reference material or laboratory control standards
Means chart (X-chart). The main aim of the means chart is to check the repeatability of the measurements in every batch of analyses It is constructed from the average and standard deviations of a standard, made from a solution of one or more analyte(s), or a natural sample, that is sufficiently stabilised to keep the concentrations constant over time for at least 2-4 months. In case of deposition samples the choice of preservative, such as inorganic acids or chloroform, must be made in relation to analyte of interest and the conditions of the analyses. It could make sense to use more than one control chart, at different concentration levels for each analyte. 

The means chart is prepared on the basis of the first 20 to 25 measurements used to calculate a mean concentration (Xm) and a standard deviation(s). These variables are used to evaluate the upper and lower warning levels (UWL, LWL) and the upper and lower control levels (UCL, LCL). It is a common practice to use ± 2s and ± 3s limits for the warning limit (WL) and control limit (CL), respectively (Figure 2.1a). 

Assuming that s is correctly estimated, 95% of the measurements should fall within the range of Xm±2s (WL) and 99% in the range of Xm±3s (CL). In long-term routine activity, on the other hand, UWL and LWL may be chosen by the analyst on the basis of experience with previous control charts or on specific goals that are to be reached in the analyses.

The means chart can also insist a target or nominal value of the analyte in case of the reference material with the reported concentration.  The target  control limits may also be used, and then the laboratory results can be compared with these.

Every batch of analyses should include one or more measurements of the standard for the control chart. This measurement is plotted on the control chart: if one measurement exceeds a CL, the analysis must be repeated immediately. If the repeat is within the CL, then the analysis can be continued; if it exceeds the CL, the analysis should be stopped and the problem corrected. As regards the WL: if two out of three successive points exceed a WL, then an additional sample should be analysed. If the concentration is less than the WL, analysis can be continued; if it exceeds the WL, then the analysis should be stopped and the problem corrected. 
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Figure 2.1a: 
Example of a control chart for mean concentrations. mean concentration, LWL, UWL lower, upper warning limit; LCL, UCL lower, upper control limit. calculated on the basis of experience with previous control charts (R.S.D. = 3 %)
Range chart (R chart). The difference between two (or more) determinations for the same sample is also possible to describe on a graph. This R chart is used  for checking the repeatability of analysis, mostly of duplicate determinations. The range is normally proportional to sample concentration and then it will be more appropriate to use a control chart where the control value is the relative range r %.

New text: S-chart (Kirsti)

2.2 Use of control charts for blanks
Blank chart. A blank is defined as a solution of the purest available water that contains all the reagents used for the analysis, but not the analyte. The solution should be subjected to all the steps of the analysis (filtration, digestion, addition of reagents) up until the final measurement. The blank signal then indicates the sum of the analyte released in the different phases of the process, and a check must be made in order to exclude the possibility of occasional contamination. An example of a blank chart is shown in Figure 2.2a. The chart makes it possible to compare the blank values obtained in different batches of analyses at different times; an abnormally high blank value indicates the presence of contaminants at some stage of the process.
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Figure 2.2a: Example of a blank chart.(comment: Rosario)
The standard deviation (sb) of the blanks makes it possible to determine the detection limit (LOD) and the quantification limit (LOQ) of the analytical method. The LOD in most instrumental methods is based on the relationship between the gross analyte signal St, the field blank Sb, and the variability in the field blank (sb). The limit of detection and quantification may be defined by the extent to which the gross signal exceeds Sb:

LOD = St - Sb ( Kd sb
LOQ = St - Sb ( Kq sb
Recommended values for Kd and Kq are 3 and 10, respectively (ACS Committee on Environmental Improvement, 1980).

2.3 Detection and quantification limits
(text from Bruno)

3. Check of analytical results
3.1 Check of analytical results for water samples
The solutes present in atmospheric deposition, in soil and surface water are in large part constituted by ions; this permits the use of two checks of the self consistency of each single analyses, constituted by the ion balance and the comparison between measured conductivity and conductivity calculated from the sum of the contribution of conductivity of each ion. A third consistency test, valid just for atmospheric deposition, uses the ratio between Na+ and Cl-, which normally is not far from the value in marine water. A fourth check, aimed at evaluating analytical errors, considers the relation between the different nitrogen forms measured. Other statistical methods, using the relation between sum of ions (cations, anions) and conductivity, are usable for set of data, based on the similarity of the ion ratio in atmospheric deposition, the latter caused by the common origin of some ions (e.g. Na+ and Cl- from sea spray, SO4= and NO3- from fuel combustion, Ca++ and alkalinity from soil dust).These methods needs a background of measured data for the same type of precipitation, to be compared with the results of each single analyses, to point out outlier values. 

We refer to the ICPF manual (UN ECE 2004, Ulrich et al. 2006) for a more extensive explanation of the use of these tests and for their collocation within the analytical QC procedures. Examples of the application of these checks on set of data from different European sites are reported by Mosello et al., 2005. 

Most of the calculations needed to use the validation check starting from the concentrations can be simplified by using a spreadsheet file similar to the one given in the annex.
3.1.1 Ion balance
3.1.1.1 Ion balance without DOC
As prescribed by the ICPF manual (UN ECE 2004, Ulrich et al. 2006), each laboratory performs checks of the chemical analyses through the evaluation of ionic balance (only bulk open field (BOF) and wet only (WET) deposition) and of the comparison between measured (CM) and calculated (CE) conductivity (BOF, WET, throughfall (THR), stemflow (STF) and, with some precautions, soil waters (SW)), to validate the results. If the thresholds of these checks are exceeded, the analyses must be repeated; if the result is confirmed and the thresholds are still exceeded, the results must be accepted. 

In the case of ion balance, concentration of anions vs concentration of cations (Σ cat vs Σ an) are considered:

Σ cat = [Ca++] + [Mg++] + [Na+] + [K+] + [NH4+] + [H+] 

Σ an = [HCO-3] + [SO--4] + [NO-3] + [Cl-] + [Org-]

The limit of acceptable errors varies according to the total ionic concentrations and the nature of the solutions. The percentage difference (PD) is defined as: 

PD = 100 * (Σ cat –Σ an)/(0.5*(Σ cat + Σ an)) 

The limits adopted in the ICP Forest/EU Forest Focus programs are reported in table 3.1.1.1°
table 3.1.1.1a – Acceptance threshold values in data validation based on ion balance and conductivity (see definition of PD and CD in the text). 

	Conductivity (25 °C)
	PD
	CD

	<10 µS cm-1
	±20%
	±30%

	<20 µS cm-1
	±20%
	±20%

	>20 µS cm-1
	±10%
	±10%


The constants required to transform the units used in the ICP Forests Deposition Programme into µeq L-1 are given in table 3.1.1.1b. 
table 3.1.1.1b - Factors for converting the concentrations used in the ICP Forests Deposition Monitoring Programme to µeq L-1, and the values of equivalent ionic conductivity at infinite dilution. 

	
	Unit

(ICPF standard)
	Factor to

µeq L-1
	Equivalent

conductance at 20°C
	Equivalent

conductance at 25°C

	
	
	
	kS cm2 eq-1
	kS cm2 eq-1

	pH
	
	10(6-pH)
	0.3151
	0.3500

	Ammonium
	mg N L-1
	71.39
	0.0670
	0.0735

	Calcium
	mg L-1
	49.9
	0.0543
	0.0595

	Magnesium
	mg L-1
	82.24
	0.0486
	0.0531

	Sodium
	mg L-1
	43.48
	0.0459
	0.0501

	Potassium
	mg L-1
	25.28
	0.0670
	0.0735

	Alkalinity
	µeq L-1
	1
	0.0394
	0.0445

	Sulphate
	mg S L-1
	62.37
	0.0712
	0.0800

	Nitrate
	mg N L-1
	71.39
	0.0636
	0.0714

	Chloride
	mg L-1
	28.2
	0.0680
	0.0764


Bicarbonate is calculated from total alkalinity (Gran’s alkalinity) in relation to pH, assuming that it is determined only by inorganic carbon species, proton and hydroxide:

TAlk = -[H+] + [OH-] + [HCO-3] + [CO--3] 

This definition is not completely correct in the case of high organic carbon concentrations (DOC > 5 mg C L-1) and in presence of metals (Al, Fe, Mn, etc), which may contribute to alkalinity or to the cation concentrations (see chapter. 3.1.1.2 and 3.1.1.3) This introduce limits in the use of the ion balance check in the validation of analyses depending of the type of solutions, as summarised in table 3.1.1.1c. 

table 3.1.1.1c:  – Applicability of the validation tests for different types of solutions.

	
	Ion balance
	Ion balance
	Conductivity
	Ratio Na/Cl
	N test

	
	
	DOC corrected
	
	
	

	Bulk open field
	Y
	Y
	Y
	Y
	Y

	Wet only
	Y
	Y
	Y
	Y
	Y

	Throughfall
	N
	Y
	Y
	Y
	Y

	Stemflow
	N
	Y
	Y
	Y
	Y

	Soil water
	N
	N
	Y(2)
	N
	Y

	Surface water
	Y(1)
	Y
	Y
	N
	Y

	
	
	
	
	
	

	
	(1) If DOC <5 mg C L-1 and negligible metal concentrations
	

	
	(2) If metal concentrations are negligible. 
	
	


Examples of comparison between Σ cat and  Σ an are given in figure 3.1.1.1a for different types of solutions, while the departure from zero of the ion balance for different types of depositions are given in figure 3.1.1.1b, still pointing out the failure of the check in the case of THR and STF samples. 
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figure 3.1.1.1a: departure from zero of the percent difference between Σcat and  Σan  (PD) and (below) of percent difference between measured and calculated conductivity (CD) for different types of deposition.
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figure 3.1.1.1b: Examples of relationships between conductivity and Σcat or  Σan, above without the correction for H+ contribution to conductivity, below with the correction.  

3.1.1.2 Ion balance with DOC
Figure 3.1.1.1b points out the failure of the ion balance check in the case of THR and STF solutions; this is true as well for soil water (not shown in figure) in which, besides high DOC values, significant concentrations of trace metals may be present (see chapter 3.1.1.2 and 3.1.1.3). 

The ion balance test can be used evaluating the ionic contribution of DOC (solutions are filtered before analyses) (Mosello et al., 2008, in press). This study was done as part of the activity of the WG on QA/QC in laboratories active in the chemical analysis of atmospheric deposition and soil water within the framework of the ICP Forests and the EU/Forest Focus Programmes. About 6000 chemical analyses of bulk open field, throughfall and stemflow samples, which contained complete sets of all ion concentrations, conductivity and DOC, produced in 8 different laboratories, were used to calculate empirical relationships between DOC and the difference between the sum of cations and the sum of anions, with the aim to evaluate a formal charge per mg of organic C. Samples cover a wide range of geographical and climatological situations, considering variables such as the closeness to the sea (chloride contents) and the type of vegetation for THR and STF. 

Regression coefficients were obtained for data from each laboratory, as well as for all the data combined, as follows: 

Σ cat –Σ an = δ1 DOC + δ0
where units are µeq L-1 for sum of ions and δ0, mg C L-1 for DOC and µeq (mg C)-1 for δ1. Regressions were not significant in the case of BOF, because of the relatively high error associated to the low DOC concentrations, while results were highly significant for THR and STF deposition in all the 8 laboratories. 

In the next step, the charge contribution of DOC was evaluated as: 

[Org-] = β1*DOC + β0

where [Org-] (µeq L-1) is the ionic contribution of DOC. The value of PD was calculated again, using Σan value including [Org-], and evaluated following the threshold of table 3.1.1.1c. 

Example of results of the regression coefficients β1 and β0 are reported in table 3.1.1.2a, with other statistical parameters which permit to evaluate the statistical sample used. The coefficients were further tested using an independent set of data from each country. The comparison of the differences between the individual laboratory and the overall regression coefficients showed that the coefficient evaluated were reasonably usable in general cases of atmospheric deposition and useful for estimating the contribution of organic acids in the ion balance test, thus considerably improving the applicability of the ion balance as a validation criterion for samples with high DOC values. The improvement in the ion balance check in an example set of data is shown in figure 3.1.1.2a.  Also this evaluation is considered in the annexed excel file, which contains examples of the validation of analyses. 

table 3.1.1.2a: Statistical values of the regressions for the evaluation of the DOC contribution to ion balance. THR Througfall, STF Stemflow, N number of samples, σ standard deviation. (Rosario will check it)

	 
	 
	Broad Leaves
	Conifers

	 
	units
	THR
	STF
	THR

	 
	 
	 
	 
	 

	N
	-
	1454
	597
	1657

	pH range
	u
	4.0 - 7.9
	3.8 - 8.1
	4.1 – 7.0

	pH mean± σ
	u
	5.8±0.6
	5.6±0.6
	5.3±0.5

	DOC range
	mg C L-1
	0-37
	14246
	0-40

	DOC  mean± σ
	mg C L-1
	8±6
	11±7
	10±7

	∑ cat range
	µeq L-1
	37-2736
	30-5287
	13-2601

	∑ cat  mean± σ
	µeq L-1
	418±321
	593±539
	316±278

	∑ an range
	µeq L-1
	29-2606
	22-5303
	250102

	∑ an  mean± σ
	µeq L-1
	377±304
	545±523
	279±265

	∑ ca t- ∑ an  range
	µeq L-1
	258
	263
	225

	∑ cat - ∑ an  mean± σ
	µeq L-1
	41±59
	48±58
	37±41

	Slope  β1
	µeq (mg C)-1
	6,8±0,16
	5.04±0.25
	4.17±0.11

	Intercept β0
	µeq L-1
	-12,32±1,63
	-6.67±3.29
	-5.01±1.32

	P-value
	 
	<0,0001
	<0.0001
	<0,0001

	R2
	 
	0.56
	0.4
	0.47
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figure 3.1.1.2a: Departure from zero of the percent difference between Σcat and  Σan  (PD, see text) without  and with DOC correction.  

3.1.1.3 Ion balance with DOC and metals
The ion balance for soil solutions is more complicate because of the metals (e.g. Al, Fe, Mn), their species (e.g. Al3+, Al(OH)2+,Al(OH)2 +, Fe3+, Fe(OH)2+, Fe(OH)2+), their oxidation state (e.g. Fe3+/Fe2+; Iron complexed to organic matter can occur in both oxidised and reduced forms and the reduced forms can exist under oxidising conditions when complexed with organic matter; see e.g. Clarke and Danielsson, Analytica Chimica Acta, 1995) and the metal complexes with DOC (e.g. DOC-Fe, DOC-Al, DOC-Mn) in the solution. 
The calculation of Bicarbonate from total alkalinity (see chapter 3.1.1.1) is not completely correct because it is influenced by the different species of DOC in solution. 

Therefore the calculation of a formal charge per mg of organic C from the difference between the sum of cations and the sum of anions as described in chapter 3.1.1.2 for throughfall samples has to consider the metals, their species and their complexes with DOC:

Σ cat + Σ met (all inorg. species) + Σ met (from DOC complexes) 
= Σ an + Σ Org- (from DOC complexes)

with: 

Σ met = Al3+ + Al(OH)2+ +Al(OH)2 + + Fe3+ + Fe(OH)2+ + Fe(OH)2+  + Mn2+ + Mn(OH) + (and other inorg. Species) 

Σ met (from DOC complexes) = Al-DOC + Fe-DOC + Mn-Doc

Σ Org- (from DOC complexes) = DOC-Fe + DOC-Al + DOC-Mn
Normally only the total concentrations of the metals and the total concentration of DOC are measured in soil solutions. Therefore the calculation of a formal charge per mg of organic C with the following correlation overestimate the formal charge of DOC when using the highest possible charge for the metals (Al3+, Fe3+ ,Mn2+) and no correction for the Bicarbonate:
Σ cat + Σ mettotal – Σ an = δ1 DOC total 

In a ongoing study of the WG on QA/QC in laboratories about 6200 chemical analyses of soil solution samples, which contained complete sets of all ion and total metal concentrations, conductivity and DOC, produced in different laboratories of 6 countries, were used to calculate empirical relationships between DOC and the difference between the sum of cations and metals and the sum of anions, with the aim to evaluate a formal charge per mg of organic C. Samples cover a wide range of geographical and climatological situations. The result can be seen in figure 3.1.1.3a:
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figure 3.1.1.3a: calculation of the formal charge of DOC in 6140 soil solution samples from 5 countries (Germany, Finland, France, Norway and United Kingdom)
When using the calculated charge factor for DOC in the ion balances of these soil solution samples 64 % of the samples have equated ion balances (within +/- 10 %) while only 30 % of the samples have equated ion balances without using DOC correction. 

The results are different for the different countries and at different pH. Therefore the calculated charge factor can only be used as a first approach. It is better to calculate the charge factor for specific countries or for similar plots.



3.1.2 Conductivity check
Conductivity is a measure of the ability of an aqueous solution to carry an electric current. This ability depends on the type and concentrations of ions and on the temperature of measurement. It is defined as:

K = G * (L/A)

where G = is the conductance (unit: ohm-1 or siemens; ohm-1 is sometime written as mho), defined as the reciprocal of resistance; A (cm2) is the electrode surface area, L (cm) is the distance between the two electrodes. The units of K are ohm-1 cm-1. In the International System of Units (SI) conductivity is expressed as millisiemens per meter (mS m-1); this unit is also used by the IUPAC and accepted as Nordic standard. In practice the unit µS cm-1, where 1 mS m-1 = 10 µS cm-1 = 10 µmho cm-1, is also commonly used. The unit adopted in the ICP Forests project is µS cm-1, the reference temperature is 25 °C. 

Conductivity depends on the type and concentration (activity) of ions in solution; the capacity of a single ion to transport an electric current is given in standard conditions and in ideal conditions of infinite dilution by the equivalent ionic conductance ((i; unit: S cm2 equivalent-1).

A careful, precise conductivity measurement is a further means of checking the results of chemical analyses. It is based on a comparison between measured conductivity (CM) and the conductivity calculated (CE) from individual ion concentrations (ci), multiplied by the respective equivalent ionic conductance ((i)

CE = ( (i ci
The ions are those considered in the ionic balance; the values of (i for the different ions are given in table 3.1.1.1b, referring to 20 and 25°C. As the concentrations are expressed in µeq L-1, (i is given as kS cm2 eq-1, to get conductivity in µS cm-1. The percent difference, CD, is given by the ratio:

CD = 100 * |(CE-CM)|/CM

At low ionic strength (below 100 µeq L-1) of atmospheric deposition samples, the discrepancy between measured and calculated conductivity should be no more than 2% (Miles & Yost 1982). 

At ionic strength higher than 100 µeq L-1 (approximately conductivity higher than 100 µS cm-1) the use of activity instead of concentration is needed. This can be done first calculating ionic strength (Is, meq L-1) from the individual ion concentrations as follows:

Is = 0.5 ( ci zi2 / wi
where:

ci = concentration of the i-th ion in mg L-1;

zi = absolute value of the charge for the i-th ion;

wi = gram molecular weight for the i-th ion.

For ionic strength higher than 100 µeq L-1 activities must be used instead of concentrations; in the range 100-500 µeq L-1 the Davies correction of the activity of each ion can be used, as proposed e.g. by Stumm and Morgan (1981) and A.P.H.A., A.W.W.A., W.E.F. (2005):



Finally, corrected conductivity may be calculated as:

CEcorr=y2   CE= y2  ( (i ci
An immediate comparison of measured and calculated conductivity make possible to identify single outlier values (see example in the annexed excel file). 

Figure 3.1.1.1a shows the departure from zero of the CD values for different types of depositions; differently from the case of ion balance, CD values do not show any great asymmetry for BOF, THR, STF. The reason for this agreement is that the organic matter which unbalances the cation and anion concentrations does not contribute significantly to conductivity.

In conclusion, the plot of measured and calculated conductivity is useful in the routine data checking of a set of analyses; the departure of some results from linearity may suggest the presence of analytical or some other kind of errors.

3.1.3 Na/Cl-ratio check
In large parts of Europe sea salt is a major contributor to sodium and chloride ions in atmospheric deposition; as a result the ratio between the two ions is equal to that of sea salt. This is true even in parts of Europe far from the sea, as has been shown from a statistical study conducted over more than 6000 samples covering the area from Scandia to South Europe (Mosello et al. 2005). In the validation file (annexed excel file), samples with a ratio outside the range given below are marked as possible failures, and checks and/or reanalyses should be carried out. The ratio is calculated expressing concentrations on molar (or equivalent) basis.  

0.5 < (Na/Cl) < 1.5  

If the ratio Na/Cl results systematically outside this range, in sites far from sea shore, a specific study is suggested to exclude  that the departure is due to poor analytical quality in the measurement of low levels of sodium and chloride.   

3.1.4 N balance check

The test considers that total dissolved nitrogen (DTN) concentration must be higher than the sum of nitrate (N-NO3), ammonium (N-NH4) and nitrite (N-NO2) concentrations. In ICP Forests programme the measurement of nitrite is not mandatory, however the following relation must be verified, within the limits of analytical errors, and whatever unit used:

[N-NO3]  + [N-NH4+]   <   [DTN+]

If the relation is not satisfied an error is necessarily present in the measurement of one of the nitrogen form. However, if DON is very low, DTN may be approximately equal to NO3-N + NH4-N. In this case, normal (random) analytical errors might result in a slight negative value of DTN, without there being any major problem with the measurements.

3.1.5 Phosphorus concentration as contamination check

If bird droppings enter the precipitation/throughfall/stemflow sample, the chemical composition will be changed. Concentrations of PO43-, K+, NH4+ and H+ are among those influenced. A phosphate concentration of 0.25 mg l-1 has been suggested as a threshold value for sample contamination by bird droppings (Erisman et al. 2003). Contamination by bird droppings is not always easily visible, so it may sometimes be detected only after chemical analysis.

3.2 Check of analytical results for soil and humus samples

An important step in laboratory QA/QC is checking if the result of an analysis is within the expected range and if general relationships between soil variables are valid. Therefore two kind of checks are suggested: plausible range checks and crosschecks.

3.2.1 Plausible range checks for soil and humus material

All mandatory and optional variables for laboratory soil analysis within the ICP forests programme are listed in Annex I. For each variable, there is 95 % chance that the analytical result of an European forest soil sample will fall within the plausible min-max range listed in Table 3.2.1a. Levels outside that range may occur but need special attention (e.g. checking of equipment and method, dilution factor, reported unit, sample characteristics, evidence of pollution or admixtures). 
Re-analysis may be necessary when no obvious deviations were found in order to gain confidence on the trueness of the result. 

For mineral soil and organic material (forest floor, peat) specific plausible ranges were developed. The number of decimals for each variable is in agreement with the reporting format described in the ICP forests manual IIIa on Sampling and Analysis of Soil.
Generally, the lower limit of the min-max range depends on the limit of quantification (LOQ), which is in turn determined by the applied instrument, method and dilution factor. Instead of just mentioning ‘LOQ’, we listed the average LOQ reported by the soil laboratories that participated in the 4th FSCC Ringtest (Cools et al., 2006). This is more informative. Laboratories with lower LOQ than this average will be able to quantify lower concentrations reliably. However, each lab should always report concentrations lower than its LOQ as: “< X.X” with X.X the LOQ concentration with the required number of decimal places.

The maximum of the plausible range is determined by the maxima (mostly 97.5 percentile values) found in the forest soil condition database of Europe (First ICP forest Level I Soil Survey). Information on methods and data evaluation may be found in the Forest soil condition report (EC, UN/ECE 1997).

By encompassing all European soil types, this range is rather broad. 

For some parameters, national plausible ranges will be more narrow due to a restricted set of soil and humus types and their local composition. It is worthwhile to develop regional plausible ranges specifically for soil samples originating from that region.

When the analytical data of the BIOSOIL-soil programme will become available for elaboration, further fine-tuning of the plausible ranges will be possible on both a European and regional scale. 

 If reported levels are outside the plausible range, data should be marked with a flag for further investigation by the lab head and/or the responsible scientist. The lab head should be able to make remarks in his report to explain the possible reasons for deviation. 

table 3.2.1a: Plausible ranges for organic and mineral forest soil samples of Europe. The number of decimals indicates the required precision for reporting.

	Forest Soil samples
	 
	Organic sample
	Mineral soil sample

	 
	 
	Plausible range
	Plausible range

	Parameter
	Unit
	Min#
	Max
	Min#
	Max

	Moisture content (of air-dry sample)
	%wt
	< 0.1
	10.0
	< 0.1
	10.0

	pH(H2O)
	-
	2.0
	8.0
	2.5
	10.0

	pH(CaCl2)
	-
	2.0
	8.0
	2.0
	10.0

	Organic carbon
	g/kg
	120.0
	580.0
	< 1.2
	200.0

	Total N
	g/kg
	< 0.5
	25.0
	< 0.1
	20.0

	CaCO3
	g/kg
	< 3
	850
	< 3
	850

	Particle size: clay
	%wt
	--
	--
	< 0.6
	80.0

	Particle size: silt
	%wt
	--
	--
	< 0.4
	100.0

	Particle size: sand
	%wt
	--
	--
	< 0.6
	100.0

	Aqua regia extractable P 
	mg/kg
	< 32.8
	3000.0
	< 35.2
	10000.0

	Aqua regia extractable K
	mg/kg
	< 74.2
	10000.0
	< 81.4
	40000.0

	Aqua regia extractable Ca
	mg/kg
	< 45.9
	100000.0
	< 50.0
	250000.0

	Aqua regia extractable Mg
	mg/kg
	< 33.3
	80000.0
	< 38.5
	200000.0

	Aqua regia extractable S
	mg/kg
	< 128.6
	7500.0
	< 134.6
	3000.0

	Aqua regia extractable Na
	mg/kg
	< 20.6
	3000.0
	< 21.1
	1000.0

	Aqua regia extractable Al
	mg/kg
	< 76.1
	40000.0
	< 77.1
	50000.0

	Aqua regia extractable Fe
	mg/kg
	< 75.5
	50000.0
	< 82.6
	250000.0

	Aqua regia extractable Mn
	mg/kg
	< 7.2
	35000.0
	< 7.8
	10000.0

	Aqua regia extractable Cu
	mg/kg
	< 1.9
	300.0
	< 2.0
	100.0

	Aqua regia extractable Pb
	mg/kg
	< 2.4
	1000.0
	< 2.4
	500.0

	Aqua regia extractable Ni
	mg/kg
	< 1.5
	300.0
	< 1.6
	150.0

	Aqua regia extractable Cr
	mg/kg
	< 3.3
	600.0
	< 3.3
	150.0

	Aqua regia extractable Zn
	mg/kg
	< 2.0
	1000.0
	< 2.1
	500.0

	Aqua regia extractable Cd
	mg/kg
	< 0.5
	18.0
	< 0.5
	6.0

	Aqua regia extractable Hg
	mg/kg
	< 0.3
	4.0
	< 0.3
	2.0

	Exchangeable acidity
	cmol+/kg
	< 0.23
	10.00
	< 0.21
	8.00

	Exchangeable K
	cmol+/kg
	< 0.23
	5.00
	< 0.23
	2.00

	Exchangeable Ca
	cmol+/kg
	< 0.25
	60.00
	< 0.22
	40.00

	Exchangeable Mg
	cmol+/kg
	< 0.19
	15.00
	< 0.18
	5.00

	Exchangeable Na
	cmol+/kg
	< 0.18
	1.50
	< 0.17
	1.00

	Exchangeable Al
	cmol+/kg
	< 0.22
	9.00
	< 0.20
	8.00

	Exchangeable Fe
	cmol+/kg
	< 0.05
	0.70
	< 0.04
	2.00

	Exchangeable Mn
	cmol+/kg
	< 0.03
	6.00
	< 0.03
	1.50

	Free H+
	cmol+/kg
	< 0.25
	10.00
	< 0.21
	3.00

	Total K
	mg/kg
	< 50.0
	10000.0
	< 50.0
	50000.0

	Total Ca
	mg/kg
	< 20.0
	 100000.0
	< 20.0
	500000.0

	Total Mg
	mg/kg
	< 5.0
	80000.0
	< 5.0
	250000.0

	Total Na
	mg/kg
	< 20.0
	5000.0
	< 20.0
	12000.0

	Total Al
	mg/kg
	< 40.0
	50000.0
	< 40.0
	100000.0

	Total Fe 
	mg/kg
	< 3.5
	60000.0
	< 3.5
	250000.0

	Total Mn
	mg/kg
	< 0.5
	35000.0
	< 0.5
	15000.0

	Reactive Al
	mg/kg
	< 44.6
	5000.00
	< 44.6
	7500.0

	Reactive Fe
	mg/kg
	< 48.4
	5000.00
	< 48.4
	7500.0


# Levels indicated in bold show the average limit of quantification (LOQ) reported by the laboratories (Cools et al, 2006). The syntax is 'less than' LOQ (< LOQ).

3.2.2. Crosschecks between soil variables

Since different parameters are determined on the same soil sample and many soil variables are auto-correlated, crosschecking is a valuable tool to detect analytical aberrations. Evidently, soils high in organic matter should have high carbon and (organically bound) nitrogen concentrations. Calcareous soils should have elevated pH levels, high exchangeable and total Ca but low exchangeable acidity.

Simple crosschecks were developed for easy verification and detection of erroneous results.

3.2.2.1. pH check

Soil reaction of organic and mineral soil material is potentiometrically measured in the supernatant suspension of a 1:5 soil:liquid (v/v) mixture of water (pHH2O) or 0.01 mol/l calcium chloride (pHCaCl2). The actual pH (pHH2O) and potential pH (pHCaCl2) are generally well correlated. Outliers may be detected by simple linear regression.

Theoretically, without taking measurement uncertainty into account, differences between both pH measurements should be less than 1 unit. In practice, the difference between both pH measurements is generally less than 1.2 units, with pHCaCl2 always less or equal to pHH2O.

Check algorithm: 0 < [pHH2O - pHCaCl2] ≤ 1.2 

Note that for peat soils, differences between both pH measurements may be greater, up to 1.5 pH units.

3.2.2.2. Carbon check

According to the manual, the recommended method for C determination is dry combustion by using a total analyser (ISO 10694). In general, total organic carbon is obtained by subtracting inorganic carbon (TIC) from total carbon (TC), both determined by the total analyser.

Inorganic carbon may be estimated from the carbonate measurement (ISO 10693) using the calcimeter (Scheibler unit). 

Check algorithm: [CCaCO3+TOC] ≤ TC   with CCaCO3 = CaCO3 x 0.12
and

Check algorithm: CCaCO3 ≈ TIC 
The latter check cannot be performed if the carbonate content is below its limit of quantification (3 g kg-1 carbonate or 0.36 g kg-1 TIC). 

3.2.2.3. pH-Carbonate check

Routinely analysing carbonates in soil samples with low pH levels is waste of resources. Based on a fast and cheap pH measurement it can be easily decided if carbonates are present and carbonate analysis is meaningful. 

For an organic sample (> 200 g kg-1 TOC):

Check algorithm: if pHCaCl2 < 6.0 then CaCO3 < 3 g kg-1  (= below LOQ) 

For a mineral sample:

Check algorithm: if pHH2O < 5 then CaCO3 < 3 g kg-1  (= below LOQ)
or: if pHCaCl2 < 5.5 then CaCO3 < 3 g kg-1  (= below LOQ)
Conversely, if pHCaCl2 > 6, it is likely to detect quantifiable carbonates in the sample. 

3.2.2.4. C/N ratio check

Most nitrogen in a solid forest soil sample is organically bound. Carbon and nitrogen are linked through the C/N ratio of organic matter which varies within a specific range.

For an organic sample (> 200 g kg-1 TOC):

Check algorithm: 5 < C/N ratio < 100

For a mineral sample:

Check algorithm: 3 < C/N ratio < 75
3.2.2.5. C/P ratio check

Similarly with C/N, a C/P ratio varies within expected ranges for organic and mineral samples.

For an organic sample (> 200 g kg-1 TOC):

Check algorithm: 100 < C/P ratio < 2500

Note that for peat soils, C/P ratio may be greater than 2500. In the 5th FSCC soil ring test, the C/P ratio of a peat sample amounted up to 4500. 

For a mineral sample:

Check algorithm: 8 < C/P ratio < 750
3.2.2.6. C/S ratio check

For organic samples only, the C/S ratio was found to vary between specific ranges.

For an organic sample (> 200 g kg-1 TOC):

Check algorithm: 20 < C/S ratio < 1000

3.2.2.7. Extracted/total element check

In both organic and mineral samples the concentration of the aqua regia extractable elements  K, Ca, Mg , Na, Al, Fe and Mn (pseudo-total extraction) should be less than their total concentrations after complete dissolution (total analysis). 

Therefore:

Check algorithm:    Extracted element ≤ Total element 

for elements K, Ca, Mg ,Na, Al, Fe and Mn.

3.2.2.8. Reactive Fe and Al check

Acid oxalate extractable Fe and Al indicate the active (( "amorphous") compounds of Fe and Al in soils. Their concentration should be less than the total Fe and Al concentration.

Check algorithm:      Reactive Fe ≤ Total Fe

Reactive Al ≤ Total Al

For mineral soils, reactive Fe is usually less than 25 % of the total Fe and reactive Al less than 10 % of total Al.

3.2.2.9. Exchangeable element/total element check

The elements bound to the cation exchange complex of the soil are easily extracted using Aqua regia. Therefore, the concentration of exchangeable cations should always be lower than their Aqua regia extractable concentration.   

A conversion factor is needed to convert from cmol(+) kg-1 to mg kg-1.

Check algorithm:      (Kexch x 391) ≤ Extracted K
Check algorithm: 
(Caexch x 200) ≤ Extracted Ca
Check algorithm:
(Mgexchx 122) ≤ Extracted Mg
Check algorithm:
(Naexch x 230) ≤ Extracted Na
Check algorithm:
(Alexchx 89) ≤ Extracted Al
Check algorithm:
(Feexchx 186) ≤ Extracted Fe
Check algorithm:
(Mnexchx 274) ≤ Extracted Mn
In general the ratio of an exchangeable element to an extracted element is higher in organic matrices than in mineral soil. 

3.2.2.10. Free H+ and Exchangeable acidity check

Two checks may be applied to Free H+ and Exchangeable acidity (EA).

Check algorithm: Free H+ < EA       
Check algorithm: EA ≈ Alexch+ Feexch+ Mnexch+ Free H+
For mineral forest soils, Free H+ is usually < 60 % of the Exchangeable acidity.

3.2.2.11. Particle size fraction sumcheck

According to the ICP forest Manual IIIa, laboratories have to report the proportion of sand, silt and clay fractions of the mineral soil samples. Different methods are applied for each fraction. After shaking with a dispersing agent, sand (63 μm-2 mm) is separated from clay and silt with a 63 μm sieve (wet sieving). The clay (< 2 μm) and silt (2-63 μm) fractions are determined using the standard pipette method (sedimentation).

When correctly applying the Soil manual procedure (SA03) which is based on ISO 11277, including the correction for the dispersing agent, the sum of the three fractions should be 100 %. The mass of the three fractions should equal the mass of the fine earth (0- 2mm fraction), minus the mass of carbonate and organic matter which have been removed.
Check algorithm: Σ [ clay (%), silt (%), sand (%) ] = 100 %

Please check that the clay, silt and sand fraction are reported in the right data since mistakes occur regularly, even in ring tests.
3.3 Check of analytical results for foliar and litterfall samples
Compared to soil, deposition and soil solution checks of analytical results for foliage and litterfall samples are difficult. Usually in unpolluted areas the concentration range in foliage is small compared with the other matrices and so most of the results are plausible. 

Correlations between elements in foliage could be a possible tool to check analytical results, but this is only suitable in case sample plots are situating very close and having  similar soil composition and the same tree species – therefore this is not useful for checking results in an European wide survey.

3.3.1 Plausible range check for foliage 

Table 3.3.1a: Plausible range of element concentration in foliage of different tree species calculated from the level II results (indicative values in grey)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Code
	Tree species
	Count
	Leaf
	Limit
	N
	S
	P
	Ca
	Mg
	K
	C
	Zn
	Mn
	Fe
	Cu
	Pb
	Cd
	B

	 
	 
	 
	type
	 
	g/kg
	g/kg
	g/kg
	g/kg
	g/kg
	g/kg
	g/100g
	μg/g
	μg/g
	μg/g
	μg/g
	μg/g
	ng/g
	μg/g

	20
	Fagus sylvatica
	611
	0
	low
	20.41
	1.26
	0.89
	3.44
	0.65
	4.81
	45
	17.0
	127
	62
	5.67
	-
	50
	9.1

	 
	 
	 
	0
	high
	29.22
	2.12
	1.86
	14.77
	2.50
	11.14
	55
	54.2
	2902
	178
	12.18
	6.8
	462
	40.0

	41
	Quercus cerris
	37
	0
	low
	12.86
	0.91
	0.63
	4.81
	0.98
	1.19
	45
	13.0
	509
	83
	6.89
	-
	63
	15.9

	 
	 
	 
	0
	high
	30.79
	3.24
	2.29
	16.49
	3.24
	15.64
	55
	-
	-
	-
	-
	-
	-
	-

	46
	Quercus ilex
	141
	0
	low
	11.95
	0.81
	0.69
	4.00
	0.76
	3.42
	45
	12.7
	278
	73
	4.00
	-
	-
	21.7

	 
	 
	 
	0
	high
	17,24
	1,41
	1,22
	10,32
	2,62
	8,46
	55
	41,0
	5385
	717
	7,00
	-
	-
	-

	48
	Quercus petraea
	268
	0
	low
	19.75
	1.24
	0.90
	4.12
	1.06
	5.86
	45
	11.0
	905
	60
	5.39
	-
	24
	5.5

	 
	 
	 
	0
	high
	29.84
	2.01
	1.85
	10.46
	2.26
	11.16
	55
	25.0
	4209
	149
	11.64
	-
	-
	-

	50
	Quercus pyrenaica (Q. toza)
	27
	0
	low
	17.85
	1.18
	1.48
	4.60
	1.40
	3.52
	45
	18.0
	434
	81
	8.07
	-
	-
	-

	 
	 
	 
	0
	high
	25,50
	2,33
	3,12
	12,03
	3,00
	11,81
	55
	-
	-
	-
	-
	-
	-
	-

	51
	Quercus robur (Q. pedunculata)
	313
	0
	low
	20.31
	1.36
	0.97
	3.33
	1.09
	5.80
	45
	14.0
	219
	64
	5.50
	0.1
	40
	23.4

	 
	 
	 
	0
	high
	30.69
	2.21
	2.55
	12.26
	2.85
	12.64
	55
	50.0
	2820
	233
	14.10
	18.0
	183
	54.8

	54
	Quercus suber
	39
	0
	low
	11.39
	0.85
	0.47
	4.29
	1.22
	4.37
	45
	17.0
	291
	62
	6.11
	-
	-
	17.5

	 
	 
	 
	0
	high
	23.09
	1.61
	1.53
	11.02
	2.55
	9.85
	55
	47.0
	2887
	621
	20.00
	-
	-
	-

	100
	Abies alba
	230
	0
	low
	11.55
	0.79
	0.95
	3.50
	0.68
	4.29
	47
	22.0
	185
	21
	2.31
	-
	48
	15.5

	 
	 
	 
	0
	high
	16.16
	1.69
	2.23
	11.71
	1.90
	8.48
	57
	45.0
	2510
	85
	5.89
	-
	-
	-

	 
	 
	 
	1
	low
	11.67
	0.95
	0.86
	4.19
	0.37
	3.97
	47
	20.0
	250
	32
	2.00
	-
	56
	14.4

	 
	 
	 
	1
	high
	16.46
	1.79
	2.21
	16.39
	1.70
	7.57
	57
	47.5
	5241
	121
	6.45
	-
	-
	-

	118
	Picea abies (P. excelsa)
	1763
	0
	low
	10.39
	0.70
	1.01
	1.83
	0.66
	3.65
	47
	16.0
	165
	22
	1.41
	-
	-
	7.2

	 
	 
	 
	0
	high
	16.68
	1.31
	2.10
	7.01
	1.56
	8.36
	57
	47.0
	1739
	91
	5.94
	2.9
	226
	29.4

	 
	 
	 
	1
	low
	9.47
	0.69
	0.81
	2.26
	0.44
	3.41
	47
	12.0
	198
	27
	0.94
	-
	-
	6.2

	 
	 
	 
	1
	high
	15.97
	1.34
	1.82
	9.77
	1.51
	7.05
	57
	51.8
	2376
	118
	7.07
	5.2
	169
	32.9

	120
	Picea sitchensis
	108
	0
	low
	12.67
	0.98
	1.04
	1.21
	0.78
	5.56
	47
	8.4
	147
	31
	0.70
	-
	-
	6.0

	 
	 
	 
	0
	high
	17.61
	1.75
	2.56
	8.02
	1.41
	10.89
	57
	33.8
	1489
	232
	5.91
	-
	-
	42.0

	 
	 
	 
	1
	low
	11.87
	0.92
	0.84
	1.41
	0.50
	4.62
	47
	9.5
	160
	33
	0.70
	-
	-
	5.0

	 
	 
	 
	1
	high
	18.19
	1.94
	2.43
	8.23
	1.18
	10.05
	57
	29.3
	1734
	133
	4.67
	-
	-
	52.0

	124
	Pinus contorta
	40
	0
	low
	11.31
	0.75
	0.98
	1.02
	0.79
	3.56
	47
	-
	-
	-
	-
	-
	-
	-

	 
	 
	 
	0
	high
	21.51
	1.66
	1.73
	2.70
	1.31
	6.06
	57
	-
	-
	-
	-
	-
	-
	-

	 
	 
	 
	1
	low
	13.12
	0.87
	0.88
	1.96
	0.75
	1.21
	47
	-
	-
	-
	-
	-
	-
	-

	 
	 
	 
	1
	high
	20.22
	1.70
	1.55
	4.41
	1.50
	6.02
	57
	-
	-
	-
	-
	-
	-
	-

	125
	Pinus halepensis
	30
	0
	low
	9.22
	0.92
	0.80
	2.12
	1.84
	3.20
	47
	23.0
	32
	230
	-
	-
	-
	-

	 
	 
	 
	0
	high
	14.28
	1.68
	1.79
	8.04
	2.89
	8.67
	57
	-
	-
	-
	-
	-
	-
	-

	129
	Pinus nigra
	81
	0
	low
	8.42
	0.51
	0.81
	0.97
	0.56
	3.88
	47
	18.8
	60
	29
	1.81
	0.6
	399
	8.9

	 
	 
	 
	0
	high
	21.18
	1.44
	1.57
	4.42
	2.08
	8.30
	57
	67.7
	1072
	131
	18.08
	-
	-
	-

	 
	 
	 
	1
	low
	7.97
	0.44
	0.75
	1.17
	0.35
	3.89
	47
	19.0
	109
	69
	1.80
	0.9
	380
	8.7

	 
	 
	 
	1
	high
	23.49
	1.93
	1.71
	6.90
	2.06
	7.34
	57
	70.0
	1000
	-
	-
	-
	-
	-

	130
	Pinus pinaster
	116
	0
	low
	6.85
	0.61
	0.55
	0.80
	1.01
	3.26
	47
	15.6
	41
	23
	1.70
	-
	-
	15.0

	 
	 
	 
	0
	high
	13.71
	1.29
	1.24
	3.80
	2.47
	7.14
	57
	39.0
	825
	579
	5.03
	-
	-
	-

	 
	 
	 
	1
	low
	6.25
	0.55
	0.40
	1.09
	0.94
	2.40
	47
	12.3
	35
	23
	1.13
	-
	-
	20.0

	 
	 
	 
	1
	high
	13.27
	1.44
	1.38
	6.02
	2.88
	6.86
	57
	36.8
	794
	111
	4.68
	-
	-
	-

	131
	Pinus pinea
	24
	0
	low
	7.51
	0.65
	0.58
	1.53
	1.80
	3.25
	47
	6.0
	89
	44
	4.30
	-
	-
	28.5

	 
	 
	 
	0
	high
	11.30
	1.65
	1.20
	4.40
	3.00
	6.70
	57
	-
	-
	-
	-
	-
	-
	-

	134
	Pinus sylvestris
	1859
	0
	low
	11.40
	0.75
	1.11
	1.61
	0.64
	3.77
	47
	32.0
	172
	18
	2.28
	-
	50
	9.2

	 
	 
	 
	0
	high
	20.41
	1.56
	2.06
	4.61
	1.31
	7.27
	57
	77.6
	912
	139
	7,70
	3.9
	447
	30.5

	 
	 
	 
	1
	low
	10.94
	0.77
	1.00
	2.57
	0.50
	3.51
	47
	31.5
	222
	28
	1.96
	0.1
	60
	7.4

	 
	 
	 
	1
	high
	19.38
	1.61
	1.88
	6.71
	1.18
	6.52
	57
	96.0
	1332
	171
	6.88
	5.6
	507
	33.9

	136
	Pseudotsuga menziesii
	137
	0
	low
	13.54
	1.00
	1.00
	1.98
	1.02
	5.17
	47
	15.0
	159
	43
	2.72
	-
	141
	30.9

	 
	 
	
	0
	high
	22.71
	1.80
	1.70
	5.91
	2.10
	8.96
	57
	45.3
	1661
	129
	5.95
	-
	-
	-

	 
	 
	 
	1
	low
	13.55
	0.99
	0.71
	3.09
	1.14
	2.97
	47
	14.0
	444
	58
	2.91
	-
	-
	-

	 
	 
	 
	1
	high
	29.23
	2.18
	1.45
	9.64
	2.73
	7.30
	57
	-
	155
	279
	-
	-
	-
	-


To support the foliage laboratories in QA/QC issues a first list with plausible ranges for the element concentrations in foliage was fixed at the 4th Expert Panel Meeting in Vienna 1997 – but these limits were very large (see: http://bfw.ac.at/600/pdf/ Minutes_4.pdf). 

To improve this list and to put it on a more statistical base a calculation was done from Forest Foliar Coordinating Centre by the use of the European Level I database - 5% of the lowest and 5% of the highest results were removed. Inside of these limits 90% of all submitted level I - results can be found. There are a lot of different tree species foreseen in the manual. It was necessary to group these species in main tree genera (Stefan et al 1997) to get more data for meaningful statistical results. These limits were discussed in the Expert Panel Foliage and Litterfall in Madrid/Spain (2007).

To get significant statistic information about the concentration range for different tree species JRC was asked to make a statistical evaluation from the submitted Level II results. The 5% and the 95% percentile limits for each tree species were calculated. Inside these limits 90% of the submitted results can be found (see table 3.3.1a). Results outside of these limits should be checked once more from the laboratories and should - if necessary - be reanalyzed.
As it can be seen in the results in report of the Level I foliage survey (Stefan et al. 1997) – the element concentration in foliage are quite different in Europe. So it could be in future very useful to calculate these limits for each country/laboratory using their own results. This would yield narrower limits, which in turn would offer more reliable tool to detect non plausible results. 

3.3.2 Plausible range check for litterfall

To develop tolerable limits for litterfall is much more difficult than for foliage. Litterfall is sorted in different fractions – in minimum in two, foliar and non-foliar litter. Many countries sort it in three fractions – foliage, wood and fruit coins & seeds. Litterfall is analyzed then as a pooled sample or each fraction is analysed separately.

The plausible range of the results of the chemical analysis of litter must be much bigger than for foliage. An important fraction in the litter is the foliar fraction, and for this fraction plausible ranges for selected tree species, based on the expert experience, are given in table 2. Plausible ranges for the non-foliar fraction in litterfall is a project for the future. 

Table 3.3.2a: Plausible range of element concentration in foliar-litter of different tree species (indicative values in grey)

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Code
	Tree Species (Foliar litter)
	Limit
	C
	S
	N
	P
	K
	Ca
	Mg 
	Zn
	Mn
	Fe
	Cu
	B

	 
	 
	 
	mg/g
	mg/g
	mg/g
	mg/g
	mg/g
	mg/g
	mg/g
	μg/g
	μg/g
	μg/g
	μg/g
	μg/g

	010
	Betula pendula
	low
	290
	 
	7.30
	0.20
	0.30
	5.,00
	1.00
	105.00
	600
	45.0
	6
	 

	 
	 
	high
	330
	 
	21.00
	1.20
	1.40
	12.50
	2.00
	170.00
	3000
	300.0
	19
	38

	015
	Castanea sativa
	low
	390
	 
	9.00
	0.20
	0.20
	4.50
	1.40
	35.00
	700
	 
	5
	 

	 
	 
	high
	420
	 
	13.00
	0.70
	0.55
	10.50
	2.00
	45.00
	2500
	90.0
	13
	100

	020
	Fagus sylvatica
	low
	460
	1
	9.00
	0.50
	2.00
	4.00
	0.80
	25.00
	650
	70.0
	4
	2

	 
	 
	high
	510
	2.2
	19.00
	1.90
	8.00
	17.00
	2.00
	35.00
	1600
	140.0
	7
	40

	022
	Fraxinus excelsior 
	low
	470
	 
	12.00
	0.75
	0.40
	20.00
	2.00
	15.00
	110
	120.0
	7
	 

	 
	 
	high
	470
	 
	18.00
	1.50
	1.40
	25.00
	3.50
	20.00
	200
	200.0
	9
	50

	044
	Quercus frainetto 
	low
	 
	1.1
	8.00
	1.10
	4.50
	14.00
	1.20
	 
	 
	 
	 
	 

	 
	(Q. conferta)
	high
	 
	1.1
	11.70
	1.30
	5.20
	18.30
	1.40
	 
	 
	 
	 
	 

	048
	Quercus petraea
	low
	460
	 
	8.00
	0.30
	2.00
	7.00
	1.30
	14.00
	700
	50.0
	5
	 

	 
	 
	high
	510
	 
	12.00
	0.60
	4.00
	10.00
	2.00
	25.00
	1700
	200.0
	8
	35

	051
	Quercus robur 
	low
	460
	0.85
	10.00
	0.82
	4.00
	5.00
	1.00
	15.00
	1000
	90.0
	6
	7

	 
	(Q. pedunculata)
	high
	510
	1.7
	19.00
	2.00
	8,00
	13.00
	2.00
	25.00
	1200
	150.0
	7
	35

	102
	Abies cephalonica
	low
	 
	 
	8.00
	 
	2.70
	11.00
	1.00
	 
	 
	 
	 
	 

	 
	 
	high
	 
	 
	13.00
	 
	8.30
	24.00
	1.50
	 
	 
	 
	 
	 

	118
	Picea abies 
	low
	 
	1
	6.50
	0.60
	1.00
	2.50
	0.70
	
	
	
	
	 

	 
	(P. excelsa)
	high
	520
	1.5
	12.60
	1.20
	4.20
	16.00
	2.20
	 
	 
	 
	 
	 

	120
	Picea sitchensis
	low
	440
	1
	6.00
	0.60
	1.50
	4.00
	0.60
	15.00
	250
	40.0
	2
	 

	 
	 
	high
	530
	1.1
	13.00
	1.10
	3.00
	11.00
	1.00
	35.00
	1400
	120.0
	4
	35

	134
	Pinus sylvestris
	low
	490
	0.62
	5.00
	0.40
	1.00
	2.00
	0.50
	20.00
	180
	35.0
	2
	 

	 
	 
	high
	530
	0.62
	10.00
	0.80
	3.00
	11.00
	0.80
	45.00
	800
	150.0
	5
	45


3.4 Analyses in duplicate

Ideally duplicate analyses represent a worthwhile quality check. Hereby samples or digestion solution/extracts are measured twice independently for the required parameters, the results are compared and then their repeatability determined.
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As this is very time consuming when the number of samples is large, it may suffice to analyse only a part, say 5% of samples in duplicate. In this case, 5% of samples should be randomly selected and analysed again at the conclusion of the series. Thus one can check repeatability on the one hand and make sure that samples weren't mistakenly exchanged (for example during bottling on a sampler) in the course of a series on the other. If a mistake was found all samples of this batch must be repeated twice.

3.5 Avoidance of contamination 
Important contamination sources are contamination with soil during foliage or litterfall sampling, the influence of the water quality in the laboratory, the influence of (new) glassware and the quality of reagents (acids, standards,…). (John will change the text)
3.5.1 Water analyses

Water samples can become contaminated already during the sampling period, especially if open deposition collectors are used. Field workers should inform the laboratory if they suspect this has occurred. One crucial step is when samples are transferred from sampling devices to the transporting bottles etc. The best way to avoid such contamination is to transport the collection devices (bottles, bags etc.) directly to the laboratory, if possible.  The most important point during this step, as well as throughout the whole sample preparation procedure in the laboratory, is to avoid skin contact by using disposable gloves (non talc), and the use of clean equipment, and glass- and plasticware.

Special care must be taken when filtering the samples, and at least separate plastic tubing (if used) or other filtering devices for different types of sample (bulk, throughfall, stem flow, soil solution) should be used. Rinsing the filter capsule or funnel between the samples with the next sample, and not only with purified water, is recommended. If this is not possible, then an adequate amount of the next sample should be discarded after filtering before taking the sample for analyses. Contamination control samples (ultra pure water) should be used after every 20 to 30 samples depending on the type of filtering system. It is always recommendable to start working with cleaner samples (e.g. bulk first) and continue with the other types of sample. Attention should also be paid to the different characteristics of the individual sample plots and their specific concentrations. 

The material of the filters should be suitable for the analyses to be carried out, e.g. paper filters can affect ammonium and DOC determinations through contamination. In some case, the opposite may occur: sample loss through adsorption on filters.
 The filters and the amount of ultra pure water needed to rinse off the contaminants should be tested and checked by using blank charts. The filters should be handled with forceps.

Depending on the analysis method and equipment used, it is often recommendable to start the batch with the samples with lower concentrations (e.g. bulk first) and continue with the other types of sample. One highly recommendable procedure is to use a separate set of bottles for preparing the standard solutions for every single type of analysis. If the pH or conductivity value for a sample is exceptionally high, then it is recommendable to inform the persons carrying out the other analyses (which are usually performed later) about the “abnormal” sample.

3.5.2 Soil and humus analyses

Samples of soil and humus material need several preparatory steps prior to analysis. In each of these steps sample contamination may occur.

Cleanliness of equipment, glassware and plasticware is a prerequisite for avoiding contamination and good laboratory practice.

Grinding and sieving is a basic step for soil sample pre-treatment.

Contamination by grinding equipment may occur when processing soil and humus samples. Especially metals could abrade from the inner compartments or sieves. In the laboratory preparing the FSCC ringtest samples, a hammer-mill system with titanium rotor and a stainless steel sieve was evaluated for grinding forest floor material. Grinding revealed Ni and Cr concentrations up to 3.6 and 2.2 mg kg-1 respectively, whereas manual pulverization led to concentrations below 0.6 mg kg-1 for both metals. Although no systematic contamination was observed, chances for contamination seemed function of resistance of the sample material (wood, bark) and age of the sieve. Rotors and sieves in titanium are therefore recommended and a periodical renewal of the sieves.

According to the manual, mineral soils should not be milled but sieved over a 2 mm sieve. These sieves should be cleaned without traces of oxidation on their metallic parts. Attention should be paid that no remains of tools (crusher, pestle, brush, cleaning equipment) may end up in the soil sample, as a result of thorough cleaning by brushing or wiping. The same holds true for other equipment (sample divider, mixer, splitter, riffler). When processing silty or clayey soil samples, control of soil dust is essential using appropriate methods (exhaust equipment) in order to avoid atmospheric contamination of other samples or equipment. 

If a separate container is used to weigh and transfer subsamples to extraction vessels, it should be brushed out between samples to avoid cross-contamination. All glassware and plasticware should be cleaned by rinsing with a dilute acid solution or appropriate cleaning product. Afterwards, rinsing and draining twice in distilled or deionized water and drying before reuse is common practice.
Ions adsorbed by extraction flasks or sample bottles in contact with extracts may be a source of contamination for subsequent analyses using the same containers.

Finally, some types of filters used for filtration may contain contaminants. Many labs encounter difficulties with Na+ or other cations. Careful analysis of blanks and filter material may indicate problematic elements enhancing background noise.

3.5.3 Foliar and litterfall analyses

There are a lot of possible contamination sources in foliage and litterfall analyses. A short overview is given in table 3.5.3a. 

Important contamination sources are contamination with soil during foliage or litterfall sampling, the influence of the water quality in the laboratory, the influence of (new) glassware and the quality of reagents (acids, standards,…).

Table 3.5.3a: Possible contamination sources in foliage and litterfall analyses for some elements

	Element
	Possible contamination source 

	N
	NH3 from laboratory air (only if the Kjeldahl method is used), 

reagents

	S
	water (distilled or deionised), reagents

	P
	Dishwasher (detergent), water (distilled or deionised), reagents

	Ca
	Soil contamination from sampling, water (distilled or deionised), glassware, reagents

	Mg
	Soil contamination from sampling, water (distilled or deionised), glassware, reagents

	K
	Dishwasher (detergent), water (distilled or deionised), glassware, reagents

	Zn
	Soil contamination from sampling, Dishwasher (detergent), water (distilled or deionised), glassware, dust, reagents

	Mn
	Reagents

	Fe
	Soil contamination from sampling, water (distilled or deionised), glassware, dust, reagents

	Cu
	water (distilled or deionised), glassware, reagents

	Pb
	Soil contamination from sampling, glassware, dust, reagents

	Cd
	Soil contamination from sampling, glassware, dust, reagents

	B
	water (distilled or deionised), glassware, reagents

	Cr, Ni
	Instruments made of stainless steel used in sampling, pre-treatment etc.

	C
	reagents


4. Interlaboratory quality assurance

Besides the quality assurance within each laboratory there are different possibilities of quality checks between different laboratories.  Measures regarding all laboratories are ring tests as well as the mutual exchange of experiences and methods employed. Especially in the case of international programs, the use of identical analytical methods and regular ring tests are of particular importance to ensure comparability and mutual evaluation of the data.

4.1 Ring tests and ring test limits

4.1.1 Ring tests

A series of interlaboratory comparison tests is a good instrument to improve data quality of the participating laboratories over time. This is because of the training effect on the method and because of the use of remaining ring test sample material as reference material in following ring tests. Poor quality of the analytic results blurs the data such that environmental monitoring or long-term ecological research programs can lose the ability to detect trends by causing up to three decades-long delay in detecting changes (Sulkava et al 2007). Tolerable limits for the deviation of the individual test result from the comparison mean value were selected for each quantity measured. Results outside the tolerable limits indicate problems with that particular analytical procedure or more general quality problems within that laboratory. The tolerable limits were set with the purpose to act as a driving force towards reduced measurement uncertainty and increased comparability of results among participating laboratories. For this reason, the tolerable limits have in some cases been adjusted downwards in order to maintain their role as driver for quality improvement when an increasing number of the laboratories meeting this quality requirement. 

Ring tests should be carried out between the involved laboratories at regular intervals in order to ensure comparability of analytical data. This involves the sending of 3 to 10 samples or solutions to the participating laboratories where they are analysed with previously fixed methods. The results are then returned to the organizers of the ring test.

The samples involved must be checked for homogeneity and, in the case of water samples, have been stabilized through filtration, addition of acid or similar. When mailed to the laboratories, the samples should be packed in non-breakable flasks and water samples should be cooled during freight.

The analysis of 4 to 6 samples, representing different concentrations for the different parameters, is the optimum, as only then clear analytical trends can be recognized for each participating laboratory. This simplifies the detection of possible analytical mistakes and differences in the methods used.

Particularly in the case of water samples, a time-span should be set during which analysis must be carried out. This would avoid alteration of the samples, which in turn would lead to differences in results.

Care should be taken to agree on a standard treatment of samples and analytical methods. This includes their preparation such as sieving or grinding, digestion or extraction and determination of element content.

If the effects of the differing methods on the ring test analysis results are to be investigated, methods used must be properly documented or a method-code used, so that the data and the method whereby obtained can be checked specifically.

The participating laboratories should carry out the ring tests as part of their normal runs, in order to check the workings of their normal routine activities.

The organizers of such ring tests must develop standard forms or internet-based files so that all analysis data can be recorded in a standard fashion and used in standardized evaluation programs for ring tests. It is particularly important to determine the units used and the required numerical precision for reporting.
There are a number of computer programs on the market complying with standards such as DIN 38402/42, which can be used for evaluating analysis data. Custom-made programmes can also be developed. In any case, for each parameter and each sample the deviation from the mean value and the coefficient of variation as well as the outliers must be recorded.

The first step of the evaluation procedure eliminates outliers in the results of the ring test (DIN 38402/42). This method identifies three types of outliers. With the Grubbs-test the four replicates from each laboratory can first be checked for outliers (outlier type 1). The next step is to compare the recalculated mean values of each lab with the mean value from all labs as well as with the Grubb-test for outliers (outlier type 2). Finally, the recalculated standard deviation from the laboratories must be compared with the total standard deviation (F-test) to eliminate laboratories with an excessive standard deviation (outlier type 3). Now the outlier free total mean value and the outlier free maximum and minimum mean value of all labs can be calculated. Marked outliers type 1 between the outlier free maximum and minimum mean value are not longer outliers, they can be used for the further evaluation of the interlaboratory comparison test. The last step is to calculate the outlier free statistical values (Fürst 2004, 2005, 2006, 2007). 

4.1.2 Tolerable limits for ring tests

In order to evaluate ring tests and the participating laboratories, tolerable deviations from the mean value, expressed as a percentage for each parameter and method, can be determined. As a rule, the permitted deviations for double-stepped analytical methods (digestion/extract with subsequent determination of element content in solution) are significantly larger as in the case of direct element determination.

The WG QC/QA in laboratories and the various expert panels of ICP Forests have presented suggestions for tolerable deviations of samples and parameters, which are listed below. The 4th FSCC Soil Interlaboratory Comparison indicated a coefficient of variation which is 20% larger in the double-step analytical methods compared to direct element determination.
4.1.2.1 Tolerable limits for water ring tests (new text from Rosario: tolerable limits for different ranges)

The discussions of the results of the two intercomparison exercises performed in the framework of the atmospheric deposition/soil water monitoring in forests highlighted the need of a quantification of the acceptable limits of errors among analyses performed in different laboratories. These Data Quality Objectives (DQO) are essential in assuring the comparability of results and to avoid “border effects“ in the evaluation of results from different countries. DQO must necessarily be higher than the precision in single laboratories, when working under QA/QC criteria, as they include a part of systematic errors, not accounted in the single laboratory precision. As in the case of the acceptance values for the validation check of each single analyses (par. 3.1.6), the selection of the DQO should be made considering that too large acceptance thresholds are of little use for ensuring good quality of the results, while too strict thresholds, frequently exceeded, are soon forgotten. The proposed set of values is just a preliminary choice, which needs to be verified in the practice and, if needed, changed. Also the use different DQO for „low“or „high“ concentrations could be considered, on the basis of results obtained in the next interlaboratory exercises. 

The proposed DQO values for deposition/soil water intercomparison is shown in Tab. 4.1.2.1a, compared with analogous values used from other network (Global Atmospheric Watch, Allan 2004, EMEP, Uggered et al. 2005). In table 4.1.2.1b these values are compared with the 95% confidence limit of the results obtained in the second intercomparison exercise (Marchetto et al., 2006), after the exclusion of outliers. It is evident that a relevant fraction of results is still higher than the DQO values chosen, indicating the need of an improvement in the performance of the laboratory. On the other hand many laboratories show values lower than DQO, showing that it is possible to remain within these thresholds. The table shows as well the presence of some variables which still need a relevant interlaboratory work, such as alkalinity (present in low values in atmospheric deposition), total nitrogen and DOC. The analytical difficulties of these determinations were largely considered in the discussion of the two intercomparison exercises (Mosello et al. 2002, Marchetto et al. 2006). 
Tab. 4.1.2.1a: Data Quality Objectives for precipitation and soil water concentrations adopted in the ICP Forests/Forest Focus project, compared with those of other atmospheric deposition networks.

	Measurement

parameter
	Unit
	GAW

Laboratory

Inter-Network

Bias
	EMEP

radii for Youden plot
	ICP Forests

WRT 2005

proposed

	pH
	
	± 0.07 u. pH
	± 0.1 u. pH
	± 0.1 u. pH

	Conductivity
	µS cm-1
	± 7 %
	± 10 %
	± 10 %

	Calcium
	mg L-1
	± 15 %
	± 15 %
	± 15 %

	Magnesium
	mg L-1
	± 10 %
	± 15 %
	± 15 %

	Sodium
	mg L-1
	± 10 %
	± 15 %
	± 15 %

	Potassium
	mg L-1
	± 20 %
	± 15 %
	± 15 %

	Ammonium
	mg N L-1
	± 7 %
	± 15 %
	± 15 %

	Sulphate
	mg S L-1
	± 7 %
	± 10 %
	± 10 %

	Nitrate
	mg N L-1
	± 7 %
	± 15 %
	± 15 %

	Chloride
	mg L-1
	± 10 %
	± 15 %
	± 15 %

	Alkalinity
	µeq L-1
	± 25 %
	± 25 %
	± 25 %

	Total Dissolved Nitrogen
	mg L-1
	-
	± 20 %
	± 20 %

	Dissolved Organic Carbon
	mg L-1
	-
	± 20 %
	± 20 %

	Other (trace metals)
	
	-
	± 20 %
	± 20 %


Tab. 4.1.2.1b: Data Quality Objectives compared with the results of the second ICP Forests/Forest Focus intercomparison (Marchetto et al. 2006)

	Measurement
	ICP Forests

WRT 2005
	95 % results (2 sd) after outliers removal WRT 2005

	parameter
	proposed
	Min.
	Max.
	No. outliers

	pH
	± 0.1 u. pH
	0.12 u.
	0.31 u.
	15

	Conductivity
	± 10 %
	12 %
	15 %
	7

	Calcium
	± 15 %
	13 %
	32 %
	15

	Magnesium
	± 15 %
	12 %
	22 %
	20

	Sodium
	± 15 %
	9 %
	17 %
	27

	Potassium
	± 15 %
	9 %
	36 %
	20

	Ammonium
	± 15 %
	12 %
	49 %
	34

	Sulphate
	± 10 %
	9 %
	18 %
	29

	Nitrate
	± 15 %
	10 %
	57 %
	16

	Chloride
	± 15 %
	8 %
	25 %
	35

	Alkalinity
	± 25 %
	65 %
	190 %
	5

	Total Dissolved Nitrogen
	± 20 %
	8 %
	80 %
	25

	Dissolved Organic Carbon
	± 20 %
	14 %
	97 %
	14

	Other (trace metals)
	± 20 %
	
	
	


4.1.2.2 Tolerable limits for soil ring tests
For interlaboratory comparison of solid soil and forest floor samples, tolerable limits were calculated based on the Mandel’s h (between laboratory variation) and Mandel’s k (within-laboratory variation) statistics of the past FSCC soil ring tests (De Vos, 2008).  An explanation of the evaluation methodology for the soil ring tests based on ISO 5725-2 is described in the FSCC ring test reports (Cools et al. 2003, 2006, 2007).
Tolerable limits for the soil ring tests are inferred from the coefficient of variation for laboratory reproducibility (CVrepr). For many soil variables, CVrepr decreases with increasing contents as shown for total nitrogen in Figure Y. In the lower range, interlaboratory variation relative to the mean may amount up to 100 % and even more whereas in the higher range this variation is much lower. Therefore, tolerable CV’s are fixed for both a lower and a higher range for each soil variable. For the example of N content, the CVrepr for the lower range (≤ 1.5 g N kg-1 DW) is set to the average of 30 % and for the higher range (> 1.5 g N kg-1 DW) to 10% (Figure Y). For some variables (e.g. pH), no split in a lower and higher range is justified due to a linear relationship of the reproducibility curve.
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Figure 4.1.2.2: Fitted power curves to the results of total N analysis of mineral forest soils of past FSCC ring tests and estimation of lower and higher ranges based on the bending point on the reproducibility curve. Average CV is 30 % and 10 % for the lower and higher range, respectively.
Tolerable limits are set using a z-score of 1: deviation from the mean equals the standard deviation (SD). Consequently, tolerable limits equal the average CVrepr found in the past FSCC ring tests rounded to the nearest 5 %. 

Since the tolerable limits equal ±SD, in theory 68% of the labs should meet this criterion. However, a simulation for the 5th ring test revealed that on average 70-90 % of the labs reported results within the tolerable range and 10-30 % failed, depending on the type of variable.

In the future, as laboratory performance improves, these limits will be gradually narrowed using z-scores less than 1.  

Tolerable limits can be inferred for intra-laboratory variation (repeatability) as well. These limits can be used to evaluate within laboratory repeatability on replicated analyses within the same run.

Table 4.1.2.2a: Tolerable limits for soil moisture content, pH, organic carbon, total nitrogen and carbonates for inter-laboratory comparison and intra-laboratory performance.

	Soil Property
	Observation
Range
	Level
	Ring Test Tolerable limit

(% of mean)
	Intra-Laboratory Tolerable limit (% of mean)

	Moisture content (%)
	lower
	≤ 1.0 
	± 25
	± 6

	
	higher
	> 1.0 
	± 15
	± 4

	pHH2O
-
	whole
	2.0 – 8.0
	± 5 
	± 1

	pHCaCl2
-
	whole
	2.0 – 8.0
	± 5 
	± 1

	OC

g kg-1
	lower
	≤ 25 
	± 20
	± 5

	
	higher
	> 25 
	± 15 
	± 3

	N

g kg-1
	lower
	≤ 1.5 
	± 30
	± 9

	
	higher
	> 1.5 
	± 10
	± 3

	Carbonates

g kg-1
	lower
	≤ 50 
	± 130
	± 5

	
	higher
	> 50
	± 40
	± 3


Table 4.1.2.2b. Tolerable limits for soil texture for inter-laboratory comparison and intra-laboratory performance.

	Soil Property
	Observation
Range
	Level
	Ring Test Tolerable limit

(% of mean)
	Intra-Laboratory Tolerable limit (% of mean)

	Clay content

%
	lower
	≤ 10.0 
	± 50
	± 8

	
	higher
	> 10.0 
	± 35
	± 4

	Silt content

%
	lower
	≤ 20.0 
	± 45 
	± 8

	
	higher
	> 20.0 
	± 30
	± 3

	Sand content

%
	lower
	≤ 30.0 
	± 45
	± 6

	
	higher
	> 30.0 
	± 25
	± 2


Table 4.1.2.2c. Tolerable limits for aqua regia extractable elements for inter-laboratory comparison and intra-laboratory performance.
	Soil Property
	Observation
Range
	Level
	Ring Test Tolerable limit

(% of mean)
	Intra-Laboratory Tolerable limit (% of mean)

	ExtrP

mg kg-1
	lower
	≤ 150
	± 45
	± 3

	
	higher
	> 150 
	± 20
	± 3

	ExtrK

mg kg-1
	lower
	≤ 500
	± 60
	± 6

	
	higher
	> 500 
	± 40
	± 4

	ExctCa

mg kg-1
	lower
	≤ 500
	± 70
	± 7

	
	higher
	> 500 
	± 30
	± 3

	ExctMg

mg kg-1
	lower
	≤ 500
	± 60
	± 7

	
	higher
	> 500 
	± 15
	± 3

	ExctrS

mg kg-1
	whole
	35 - 1300
	± 35
	± 4

	ExtrNa

mg kg-1
	lower
	≤ 75.0
	± 65
	± 8

	
	higher
	> 75.0 
	± 50
	± 6

	ExtrAl

mg kg-1
	lower
	≤ 2500
	± 50
	± 5

	
	higher
	> 2500 
	± 20
	± 3

	ExtrFe

mg kg-1
	lower
	≤ 2500
	± 40
	± 4

	
	higher
	> 2500 
	± 15
	± 3

	ExtrMn

mg kg-1
	lower
	≤ 150
	± 30
	± 4

	
	higher
	> 150 
	± 15
	± 4

	ExtrCu

mg kg-1
	lower
	≤ 5
	± 40
	± 8

	
	higher
	> 5 
	± 15
	± 4

	ExtrPb

mg kg-1
	whole
	3 - 70
	± 30
	± 4

	ExtrNi

mg kg-1
	lower
	≤ 10
	± 40
	± 6

	
	higher
	> 10 
	± 15
	± 4

	ExtrCr

mg kg-1
	lower
	≤ 10
	± 40
	± 7

	
	higher
	> 10 
	± 25
	± 4

	ExtrZn 

mg kg-1
	lower
	≤ 20
	± 40
	± 7

	
	higher
	> 20 
	± 20
	± 3

	ExtrCd

mg kg-1
	lower
	≤ 0.25
	± 100
	± 5

	
	higher
	> 0.25 
	± 55
	± 6

	ExctrHg

mg kg-1
	whole
	0 - 0.16
	± 75
	± 6


Table 4.1.2.2d. Tolerable limits for soil exchangeable elements for inter-laboratory comparison and intra-laboratory performance.
	Soil Property
	Observation
Range
	Level
	Ring Test Tolerable limit

(% of mean)
	Intra-Laboratory Tolerable limit (% of mean)

	Exch Acidity

cmol(+) kg-1
	lower
	≤ 1.00 
	± 90
	± 9

	
	higher
	> 1.00 
	± 35
	± 4

	ExchK

cmol(+) kg-1
	lower
	≤ 0.10 
	± 45
	± 10

	
	higher
	> 0.10 
	± 30
	± 4

	ExchCa

cmol(+) kg-1
	lower
	≤ 1.50 
	± 65
	± 12

	
	higher
	> 1.50 
	± 20
	± 3

	ExchMg

cmol(+) kg-1
	lower
	≤ 0.25
	± 50
	± 10

	
	higher
	> 0.25 
	± 20
	± 2

	ExchNa

cmol(+) kg-1
	whole
	0.01-0.14
	± 80
	± 14

	ExchAl

cmol(+) kg-1
	lower
	≤ 0.50 
	± 105
	± 12

	
	higher
	> 0.50 
	± 30
	± 4

	ExchFe

cmol(+) kg-1
	lower
	≤ 0.02 
	± 140
	± 14

	
	higher
	> 0.02 
	± 50
	± 8

	ExchMn

cmol(+) kg-1
	lower
	≤ 0.03 
	± 45
	± 7

	
	higher
	> 0.03 
	± 25
	± 6

	Free H+

cmol(+) kg-1
	whole
	0.02-1.20
	± 100
	± 8


Table 4.1.2.2e. Tolerable limits for soil reactive iron and aluminium for inter-laboratory comparison and intra-laboratory performance.
	Soil Property
	Observation
Range
	Level
	Ring Test Tolerable limit

(% of mean)
	Intra-Laboratory Tolerable limit (% of mean)

	Reactive Al

mg kg-1
	lower
	≤ 750
	± 30
	± 3

	
	higher
	> 750 
	± 15
	± 3

	Reactive Fe

mg kg-1
	lower
	≤ 1000
	± 30
	± 4

	
	higher
	> 1000 
	± 15
	± 3


Table 4.1.2.2f: Tolerable limits for total elements in soil  for inter-laboratory comparison and intra-laboratory performance.
	Soil Property
	Observation
Range
	Level
	Ring Test Tolerable limit

(% of mean)
	Intra-Laboratory Tolerable limit (% of mean)

	TotAl

mg kg-1
	Lower range
	≤ 20000
	± 35
	± 4

	
	Higher range
	> 20000 
	± 5
	± 1

	TotCa

mg kg-1
	Lower range
	≤ 1500
	± 20
	± 7

	
	Higher range
	> 1500
	± 15
	± 2

	TotFe

mg kg-1
	Lower range
	≤ 7000
	± 20
	± 5

	
	Higher range
	> 7000
	± 5
	± 2

	TotK

mg kg-1
	Lower range
	≤ 7500
	± 15
	± 3

	
	Higher range
	> 7500
	± 5
	± 2

	TotMg

mg kg-1
	Lower range
	≤ 1000
	± 60
	± 7

	
	Higher range
	> 1000
	± 5
	± 2

	TotMn

mg kg-1
	Lower range
	≤ 200
	± 25
	± 6

	
	Higher range
	> 200
	± 5
	± 3

	TotNa

mg kg-1
	Lower range
	≤ 1500
	± 20
	± 4

	
	Higher range
	> 1500
	± 5
	± 2



4.1.2.3 Tolerable limits for plant (foliar and litterfall) ring tests
The first step of the evaluation procedure of foliage ring tests eliminates outliers in the results of the Needle/Leaf interlaboratory comparison test (DIN 38402/42). This method identifies three types of outliers. With the Grubbs-test the four replicates from each laboratory can first be checked for outliers (outlier type 1). The next step is to compare the recalculated mean values of each lab with the mean value from all labs as well as with the Grubb-test for outliers (outlier type 2).  Finally, the recalculated standard deviation from the laboratories must be compared with the total standard deviation (F-test) to eliminate laboratories with an excessive standard deviation (outlier type 3). Now the outlier free total mean value and the outlier free maximum and minimum mean value of all labs can be calculated. Marked outliers type 1 between the outlier free maximum and minimum mean value are not longer outliers, they can be used for the further evaluation of the interlaboratory comparison test. The last step is to calculate the outlier free statistical values (Fürst 2004, 2005, 2006, 2007). 

In the next step an outlier free mean value for each element/sample and the laboratory mean value and the recovery is calculated and the results are compared with the tolerable limits from table 3. In the agreements of the Forest Foliar Expert Panel in the Meetings in Ås (1994), Vienna (1997), Bonn (1999), Prague (2003) and Madrid (2007) these tolerable limits for foliage samples were fixed.

Table 4.1.2.3a: Tolerable limits for the mandatory and optional elements for normal concentrations (Stefan et al 2000) 

	Element
	Tolerable deviation from mean in %
	Fixed limits in the Expert Panel-Foliar Meetings

	N
	90-110
	6th Meeting - Bonn 1999

	S
	85-115
	10th Meeting – Madrid 2007

	P
	90-110
	10th Meeting – Madrid 2007

	Ca
	90-110
	10th Meeting – Madrid 2007

	Mg
	90-110
	10th Meeting – Madrid 2007

	K
	90-110
	10th Meeting – Madrid 2007

	Zn
	85-115
	8th Meeting - Prague 2003

	Mn
	85-115
	8th Meeting - Prague 2003

	Fe
	80-120
	6th Meeting - Bonn 1999

	Cu
	80-120
	8th Meeting - Prague 2003

	Pb
	70-130
	6th Meeting - Bonn 1999

	Cd
	70-130
	6th Meeting - Bonn 1999

	B
	80-120
	6th Meeting - Bonn 1999

	C
	95-105
	6th Meeting - Bonn 1999


The concentration range in foliage and in litterfall is usually very small compared with soil and deposition matrixes. So it is not necessary to have different tolerable limits for all elements for normal and low concentration. A proposal for tolerable limits for some elements for low concentrations is given in table 4.

Table 4.1.2.3a: A proposal for tolerable limits for the mandatory and optional elements for low concentrations

	Element
	Tolerable deviation from mean in %
	for concentrations below

	S
	80-120
	0.5mg/g

	P
	85-115
	0.5mg/g

	Mg
	85-115
	0.5mg/g

	Zn
	80-120
	20μg/g

	Mn
	80-120
	20μg/g

	Fe
	70-130
	20μg/g

	Pb
	60-140
	0.5μg/g


Laboratory results inside of these limits can be accepted. Laboratories outside these limits need to improve their data quality to achieve above limits.

4.2  Exchange of knowledge and experiences with other laboratories

Interlaboratory comparisons conducted within the framework of  the ICP Forests program are aimed  at testing the proficiency of laboratories i.e. evaluating the comparability of the results and, if possible, pointing out the main causes of errors. The laboratories must be involved in the discussion and criticism of the outcome of ring tests, gaining the knowledge useful in the process of achieving, maintaining and optimization the analytical quality. 

Laboratories with unacceptable results in ring tests are invited to participate in assistance program organized by the WG on QA/QC. Close cooperation between those labs and labs with good laboratory practices is considered to be effective way of improving lab proficiency. 

While determining the scope of assistance it is desirable to take into account, in addition to the results of the ring test, current state of implementation of quality program as well as analytical methods applied in lab and described beforehand in initial questionnaire collected from the concerned lab.  The assistance consist in a few days’ visit to the lab and contra visit with an aim of identifying easily detectable problems in lab organization and/or specific analytical processes. 

It is essential that in assistance program should participate members of the staff vitally involved in analytical work.

A list of problems to be solved is generated as a result, with the emphasis on the special problems linked to specific parameters considered in the ICP Forests program. The discussion and the main results gathered during the two visits should result in the elaboration of a brief report on the lab’s activity, including problems to be solved and hints on how this can be done. Thus laboratory is provided with knowledge that enables them to advance in the quality of the results.

4.2.1 Exchange of know how

All laboratories are strongly invited to share their experience through internal info-sheets, developed as an easy tool for exchange information among laboratories about studies done within laboratory, but for which no publication was made. Info-sheets are short word-files to fill in with concise information about method comparison, development and implementation of new methods, material tests (e.g for contamination or adsorption problems), sample pretreatment, sample storage and technical information. Thus effort made in one laboratory can help many others to avoid double work.

Circulation of information within WG on QA/QC and all laboratories is ensured through a web-page of the WG on QA/QC. Information about past and ongoing ring tests, excel files for QA/QC, scientific publications to download, analytical info-sheets, contact addresses and useful links are to be found at http://www.icp-forests.org/WGqual_lab.htm . 

4.2.2 Exchange of samples

The exchange of a limited amount of routine samples between two participating laboratories is a simple and easy way to test the quality and comparability of methods used. About 20 routine samples should be analysed at each laboratory and the results compared. In this way differences in the methods used and analytical mistakes can be quickly and easily brought to light and steps taken to rectify deficiencies.
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6. Annexes

6.1 Definitions and terminology
Erwin  

6.2. Excel worksheets for ion balance, conductivity check, N balance check and Na/Cl ratio check
6.2.1 Excel worksheet for check of ion balance without DOC, conductivity check, N balance check and Na/Cl ratio check

Short declaration text (Rosario)

6.2.2 Excel worksheet for check of ion balance with DOC, conductivity check, N balance check and Na/Cl ratio check
Short declaration text (Rosario)

6.2.2 Excel worksheet for control charts
Short declaration text (Kirsti)
6.4 List of buyable reference materials

to be completed by Bruno for soil
	reference material
	matrix
	type
	comments
	adress for buying

	BCR-408
	water
	simulated rain water
	low contents

	European Commission, Directorate-General Joint Research Centre
Institute for Reference Materials and Measurements
Reference Materials Unit 
Retieseweg 111
B-2440 Geel
Belgium 
E-Mail: jrc-irmm-rm-sales@ec.europa.eu

Webpage: www.irmm.jrc.be

Order by Fax: +32 (0)14 590 406 

	BCR-409
	water
	simulated rain water
	high contents

	see above

	BCR-100
	plant
	Beech leaves
	
	see above

	BCR-062
	plant
	Olea europea (Olive leaves )
	
	see above

	BCR-129
	plant
	Hay powder
	
	see above

	BCR-142R
	soil
	Light sandy soil
	
	see above

	BCR-143R


	soil
	Sewage sludge amended soil
	
	see above

	1575a
	plant
	Pine Needles
	
	Standard Reference Materials Program, National Institute of Standards and Technology

100 Bureau Drive, Stop 2322

Gaithersburg, MD 20899-2322

USA

E-Mail: srminfo@nist.gov

Webpage: www.nist.gov/srm

Order by Fax: (301) 948-3730

	1515
	plant
	Apple Leaves
	
	see above

	1547
	plant
	Peach Leaves
	
	see above

	1570a
	plant
	Spinach Leaves
	
	see above

	1573a
	plant
	Tomato Leaves
	
	see above

	sample 2 from the 8th needle/leaf interlaboratory test
(ICP Forests) 
	plant
	Spruce Needles
	
	Federal Research and Training Centre for Forests, Natural Hazards and Landscape
M. Alfred Fürst

Seckendorff-Gudent Weg 8
A-1131 Vienna 

Austria

E-Mail: alfred.fuerst@bfw.gv.at

Web: www.ffcc.at

Order per fax: +43-1-87838-1250

	sample 4 from the 6th needle/leaf interlaboratory test
(ICP Forests)
	plant
	Maple Leaves
	
	see above


6.5 List of mandatory and optional soil parameters for laboratory analysis with methodological specifications and reference to the ISO method.
	Parameter
	Extract
	Method
	Reference method

	Moisture content (of air-dry sample)
	-
	Oven-drying
	ISO 11465

	pH(H2O)
	H2O
	pH-electrode
	ISO 10390

	pH(CaCl2)
	CaCl2
	pH-electrode
	ISO 10390

	Organic carbon
	-
	Dry combustion (> 900 °C)
	ISO 10694

	Total N
	-
	Dry combustion/ Modified Kjeldahl
	ISO 13878 / ISO11261

	CaCO3
	HCl
	Calcimeter
	ISO 10693

	Particle size: clay
	-
	Pipette method
	ISO 11277

	Particle size: silt
	-
	Pipette method
	ISO 11277

	Particle size: sand
	-
	Sieve method
	ISO 11277

	Extracted P
	Aqua regia
	ICP / colorimetry
	ISO 11466

	Extracted K
	Aqua regia
	ICP / AAS / FES
	ISO 11466 / ISO 11047

	Extracted Ca
	Aqua regia
	ICP / AAS / FES
	ISO 11466 / ISO 11047

	Extracted Mg
	Aqua regia
	ICP / AAS 
	ISO 11466 / ISO 11047

	Extracted S
	Aqua regia
	ICP / AAS /CNS
	ISO 11466 / ISO 11047

	Extracted Na
	Aqua regia
	ICP / AAS
	ISO 11466 / ISO 11047

	Extracted Al
	Aqua regia
	ICP / AAS
	ISO 11466 / ISO 11047

	Extracted Fe
	Aqua regia
	ICP / AAS
	ISO 11466 / ISO 11047

	Extracted Mn
	Aqua regia
	ICP / AAS
	ISO 11466 / ISO 11047

	Extracted Cu
	Aqua regia
	ICP / AAS
	ISO 11466 / ISO 11047

	Extracted Pb
	Aqua regia
	ICP / AAS
	ISO 11466 / ISO 11047

	Extracted Ni
	Aqua regia
	ICP / AAS
	ISO 11466 / ISO 11047

	Extracted Cr
	Aqua regia
	ICP / AAS
	ISO 11466 / ISO 11047

	Extracted Zn
	Aqua regia
	ICP / AAS
	ISO 11466 / ISO 11047

	Extracted Cd
	Aqua regia
	ICP / AAS
	ISO 11466 / ISO 11047

	Extracted Hg
	Aqua regia
	Cold vapour AAS
	ISO 11466

	Exchangeable acidity
	BaCl2
	Titration or German method
	ISO 14254

	Exchangeable K
	BaCl2
	ICP / AAS / FES
	ISO 11260

	Exchangeable Ca
	BaCl2
	ICP / AAS / FES
	ISO 11260

	Exchangeable Mg
	BaCl2
	ICP / AAS / FES
	ISO 11260

	Exchangeable Na
	BaCl2
	ICP / AAS / FES
	ISO 11260

	Exchangeable Al
	BaCl2
	ICP / AAS
	ISO 11260

	Exchangeable Fe
	BaCl2
	ICP / AAS
	ISO 11260

	Exchangeable Mn
	BaCl2
	ICP / AAS
	ISO 11260

	Free H+
	BaCl2
	Titration or German  method
	ISO 14254

	Total K
	HF or Lithium metaborate
	ICP / AAS / FES
	ISO 14869

	Total Ca
	HF or Lithium metaborate
	ICP / AAS / FES
	ISO 14869

	Total Mg
	HF or Lithium metaborate
	ICP / AAS / FES
	ISO 14869

	Total Na
	HF or Lithium metaborate
	ICP / AAS / FES
	ISO 14869

	Total Al
	HF or Lithium metaborate
	ICP / AAS / FES
	ISO 14869

	Total Fe 
	HF or Lithium metaborate
	ICP / AAS / FES
	ISO 14869

	Total Mn
	HF or Lithium metaborate
	ICP / AAS / FES
	ISO 14869

	Reactive Al
	Acid oxalate
	ICP / AAS
	ISRIC 1992

	Reactive Fe
	Acid oxalate
	ICP / AAS
	ISRIC 1992


_1264396939.unknown
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